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Abstract  

Despite the global efforts to confront the increasing prevalence of obesity worldwide, 

many countries failed to bend or even plateau their uptrend. Researchers have always seen 

obesity as a modifiable risk factor for many chronic diseases and some types of cancer and 

believed that reducing weight would reduce the risk of obesity-related comorbidities and 

healthcare expenditure. However, other observed and unobserved characteristics of the patients 

may interfere with their risk of developing obesity-related comorbidities and/or their ability to 

access healthcare services. Therefore, it is important to expand our understanding of the 

different dimensions of obesity. This thesis examined the phenomena of obesity from three 

different angles – the relationship between obesity and its comorbidities, accessibility to weight 

reduction (bariatric) surgeries and post-bariatric contouring surgeries, and cost-effectiveness 

analysis of a novel obesity treatment. 

Chapter 2 examined the impact of obesity on specific comorbidities including type 2 

diabetes, hypertension, and vitamin D deficiency. Utilizing data from Saudi Arabia, two studies 

were conducted. In the first study, a series of biprobit regression analysis were used to explore 

unobserved heterogeneity across the obesity-related comorbidities. Unobserved heterogeneity 

was evident in the relationship between type 2 diabetes and hypertension. However, vitamin D 

was not found to predict type 2 diabetes risk nor hypertension risk. 

While the use of categorical dependent variables in the first study may not display the 

whole picture of the relationship between vitamin D and other obesity-related comorbidities, a 

second study was undertaken in chapter 2 with the aim to explore unobserved heterogeneity 

among subpopulations whose 25(OH)D level vary without recourse to an exogenously defined 

threshold. Using a relatively uncommon analysis known as the Finite Mixture Models, latent 

population subgroups and their relationship between vitamin D levels and sources of vitamin 
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D were examined. Three latent classes were identified and their distinct patterns of associations 

with nutrition, behaviour and socio-demographic variables were presented. 

Weight reduction is a widely accepted intervention to prevent/delay the incidence of 

obesity-related comorbidities. However, access to weight reduction surgeries continues to be a 

challenge for ethnic minorities and socioeconomically disadvantaged groups. Ethnic minority 

groups such as Native Americans have a higher risk of developing obesity-related 

comorbidities. The small number of Native Americans in surveys makes it more challenging 

to investigate comparative ethnic group experiences. Nevertheless, the lack of research with 

respect to this group gives rise to a clear gap in our understanding regarding their comparative 

experience. Thus, the first study in chapter 3 examined disparities in access to bariatric 

surgeries with a particular focus on the experience of Native Americans utilizing one the largest 

dataset in the USA. Compared to White Americans, Native Americans were less likely to 

receive bariatric surgeries even when controlled for their clinical needs. 

The increasing popularity of bariatric surgeries as an impact of the insurance coverage 

expansion in 2011 have led to increasing demand for post-bariatric contouring surgeries. As 

rapid weight reduction can cause sagging skin, contouring (constructive or cosmetic) surgeries 

are seen as the best solution by most of those who have had bariatric surgeries in the past. 

However, not all types of contouring surgeries are covered by healthcare insurance. In fact, 

different insurance companies have their eligibility criteria for the covered procedures. The 

second study in chapter 3 examined the relationship between the use of contouring procedures 

on post-bariatric surgery patients, clinical need, and sociodemographic factors. Self-payers 

were more likely to receive post-bariatric contouring surgeries, which indicates that access 

could be predicted by the ability to pay rather than clinical need. 

Aside from invasive, costly surgeries, new less invasive procedures such as Aspiration 

therapy and gastric balloon have been introduced as competitors to bariatric surgeries. 
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However, the decision-maker would not adopt a new procedure unless it have been assessed in 

terms of its cost-effectiveness and ensured that the cost-effectiveness analysis was unbiased. 

Chapter 4 examined the replicability of a published cost-effectiveness model comparing the 

Aspiration therapy with the bariatric surgeries. Two different reporting checklists were used. 

Both checklists show weak points in the paper, particularly in the parameter inputs. After 

updating the model’s input parameters, the model was used to explore the cost-effectiveness of 

gastric balloon therapy.  

Overall, this thesis demonstrates a number of economic aspects of obesity including: i) 

obesity is a modifiable risk factor for costly chronic diseases and subsequent cost saving is 

associated with weight reduction; ii) failure of the health insurance system in the USA to meet 

patients’ needs; and iii) adoption of rigor reporting checklist would improve the quality of 

published economic evaluations. 
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Chapter 1 Background 

The prevalence of obesity has risen internationally over the past 20 years, reaching 

epidemic proportions (Wolfenden et al., 2019). It has a significant impact on individual health 

and well-being as well as giving rise to significant demands on healthcare resources both 

directly and as a result of the morbidities it constitutes a modifiable risk factor for. These 

include most of the top ten diseases responsible for annual death around the globe  (Heron, 

2019; Kanter & Caballero, 2012; Ritchie & Roser, 2017; World Health Organization, 2017).  

The global issue of obesity is not simply due to its associated comorbidities, but rather 

due to its complexity in terms of being a multifactorial disease. Confronting a complex disease 

such as obesity needs more innovative approaches than with as a single disease given the 

heterogeneity that can exist between patients, their needs and their response to interventions. 

Not only may co-morbidity profiles vary but so too might the social determinants of health. 

For example, a sugar-sweetened beverage tax might reduce consumption among low-income 

populations but high-income populations. Another example is the accommodation of new 

treatment that might benefit those who can afford it which may raise disparity issues. The 

complexity of obesity is broad issue and require multilevel approach to control it such as system 

approaches.  

In this chapter, an overview of obesity is presented that examines its measurement, 

epidemiology, impact on services and treatment. By outlining these issues, the chapter aims to 

provide context and set out the rationale for the subsequent empirical work undertaken in the 

thesis. 

1.1 Obesity 

The human body responds to excessive calorie intake by storing surplus energy in the 

form of triglyceride which might be released eventually in the form of fatty acids and glycerol 
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(Cohena & Spiegelmanb, 2016). Cycles of storing and releasing energy from stores not only 

help the body to make most of the energy but also serve to protect internal organs from high 

levels of glucose or fatty acids circulating in the body (Grundy, 2015). The body stores surplus 

energy in adipose tissue which is made mainly of adipocyte and is able to expand and shrink 

in size according to the difference in energy consumption and expenditure. Continuous 

accumulation of fat in adipose tissue, however, will eventually result in adipocyte dysfunction 

(Sbraccia et al., 2021). As a result, the excessive fat will be stored in and around organs other 

than adipose tissue as displaced (ectopic) fat in liver and pancreas leading to health impairment 

(R. Singh et al., 2017). From the basic biochemistry of lipid metabolism to pathology of 

excessive plasma lipid profile, the WHO have defined obesity as a condition characterized by 

abnormal accumulation of fat in body compartments that may result in negative effects on 

health (Garrow, 1988 as cited by WHO, 2000). 

At least three distinctive types of adipose tissue are found in human body each with 

specific functions (Frigolet & Gutiérrez-Aguilar, 2020). Brown adipose tissue so named 

because of its brownish colour serves to produce heat out of stored fat when exposed to cold. 

Until recently, brown adipose tissue was believed to exist only in infants where it served to 

protect infants against heat loss (Nedergaard et al., 2007). It is now known, however, that it 

can also be found in adult around major blood vessel. White adipose tissue, on the other hand, 

is the major type of adipose tissue in human adults, whose name again derives from its colour. 

The main purpose of white adipose tissue is to store surplus calories, help regulate appetite and 

support the immune system (Ladoux et al., 2021). A combination of white and brown adipose 

tissue can be seen in form of beige adipose tissue which originate from white adipose tissue 

and mimic the role of the brown and the white adipose tissue (Kaisanlahti & Glumoff, 2019). 

Additionally, breast (pink) adipose tissue whose main role is to store fat during the pregnancy 

helps the mother provide her offspring with milk (Alex et al., 2020). 
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White adipose tissue is widely distributed in the body but mainly can be found either 

under the skin as subcutaneous adipose tissue or surrounding internal organs as visceral adipose 

tissue (Pavelka & Roth, 2010). Other anatomical areas where white adipose tissue can be stored 

but would increase risk of diseases such as atherosclerosis is around arteries (perivascular) 

(Stern & Marcus, 2006). White adipose tissue is also normally found around the heart 

(epicardial adipose tissue) where it helps to maintain heart temperature and to protect coronary 

arteries during heart contractions, excessive white adipose tissue here, however,  can cause 

heart diseases (Iacobellis, 2015). Thus, white adipose tissue plays different roles based on its 

location and degree of fat accumulation known as adiposity (De Munck et al., 2021). 

1.1.1 Measuring adiposity 

Adipose tissue is beneficial and necessary to the body but its excessive accumulation 

(adiposity) may affect health. Estimates of what is considered normal body fat percentage  

range  between 12% to 20% for adult males and 20% to 30% for females (Abernathy & Black, 

1996). The distribution of accumulated fat in the human body varies related to factors such as 

gender, age, genetics, and ethnicity, each individual having a unique fat distribution (Kwok et 

al., 2016). Thus, excessive accumulation of fat in subcutaneous adipose tissue can be classified 

into general obesity or central obesity (Kwok et al., 2016). Accurately quantifying the 

percentage of body fat could be estimated using radiologically invasive machines which are 

expensive and impractical for screening and routine measurement  (Müller & Geisler, 2017; 

Seabolt et al., 2015). Though radiological devices such as Magnetic Resonance Imaging (MRI), 

Computed Tomography (CT) and Dual energy X-ray Absorptiometry (DEXA) are commonly 

used as a reference to examine accuracy of newly developed tool (Andreoli et al., 2016; 

Beaudart et al., 2020). In order to practically estimate the body fat percentage, several non-

invasive tools have been developed that use measurable body dimensions and weight 

(anthropometrics measurements) to estimate fat content (De Lorenzo et al., 2016). Different 
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combinations and formula have been developed to address various types of fat distribution, 

each of which have its advantages and disadvantages. 

Body mass index 

Body mass index (BMI) is one of the oldest and cheapest methods used to estimate 

obesity status and screen for adiposity. First described by Adolphe Quetelet in 1830s it is based 

on weight in kilograms divided by squared height in metres  (Eknoyan, 2008). Depending on 

the two parameters in the Quetelet’s formula, height and weight, the BMI is been used to 

classify body weight into six classes: underweight (BMI <18.5 kg/m2), normal weight (BMI 

>= 18.5 kg/m2 to <25 kg/m2), overweight (BMI >=25 kg/m2 to <30 kg/m2), obesity class I 

(BMI >=30 kg/m2 to <35 kg/m2), obesity class II (>=35 kg/m2 to <40 kg/m2), and obesity class 

III (BMI>=40 kg/m2). Others have extended these classifications to include “morbid obesity” 

referring to obesity class III and “super obesity” referring to BMI higher than 50 kg/m2 (Chand 

& Prathanvanich, 2016). 

BMI is a useful, widely used screening tool. Several studies have found a consistent 

relationship between high BMI and obesity-related comorbidities. However, BMI sensitivity 

to adiposity levels varies due to the fact that BMI is calculated based on individual weight 

regardless of the cause of that weight. Athletes, for example, having low adiposity levels and 

high BMI as a result of their muscular tissue may be erroneously classed as obese (Friedl, 

2004). On the other hand, individuals whose body fat is concentrated around their abdomen 

may be missed in screening if the BMI used alone (Oliveros et al., 2014). 

Waist circumference 

In the 1760s, Joannes Baptista Morgagni described the relationship between central 

obesity and risk of hypertension (Ladoux et al., 2021). Central obesity with normal BMI levels 

is common among certain ethnicities and found to be associated with a range of comorbidities. 

Central obesity can be estimated via a simple and inexpensive measuring of waist 
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circumference (Fang et al., 2018). Guidelines operate in a number of countries currently that 

use waist circumference alone or with BMI to screen for obesity (Nishida et al., 2004). In 2000, 

the WHO used data from the Netherlands to demonstrate increased relative risk of developing 

coronary heart diseases with waist circumference of 102 cm and higher in males and 88 cm or 

higher in females (WHO, 2000). While these values may be appropriate to define central 

obesity in US residents for clinical purposes, new emerging studies suggest a different cut-off 

dependent on ethnicity regardless of country of residence (See Table 1.1) (Alberti et al., 2005; 

Qiao & Nyamdorj, 2010). 

 

Table 1.1. Central obesity definition based on waist circumference. 

Ethnic group Waist circumference (in centimetres) 

Europids  

  Male >=94 

  Female >=80 

South Asians  

  Male >=90 

  Female >=80 

Chinese  

  Male >=90 

  Female >=80 

Japanese   

  Male >=85 

  Female >=90 

Source: (Alberti et al., 2005) 

 

New modifications to the waist circumference have been emerged to improve the 

accuracy of the waist circumference measurement by combining waist circumference with 

other anthropometric parameters. For example, waist to height ratio (Hwaung et al., 2020; 

Swainson et al., 2017; Tomas et al., 2019), waist to hip ratio (D. Singh, 1993), and waist to calf 

ratio  (Choe et al., 2018). However, waist circumference and its modified versions are unable 

to determine whether large waist is due to subcutaneous adiposity or visceral adiposity 

(Yaghootkar et al., 2020). 
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Weight to knee height squared 

As older populations could have spinal deformity due for example to osteoporotic 

vertebral fractures, height measures may be misleading in this group. Studies have shown that 

men lose 3 centimetres of their adulthood height by their 70s and women around 5 centimetres 

by their 80s. However, the length from heel to knee remains the same and therefore can be used 

as an alternative indicator of height to identify obesity in older people (Kuwabara et al., 2011). 

Body adiposity index 

The body adiposity index is a newly developed alternative measure of body fat 

percentage using the hip circumference and height as easily measured input without the need 

for weighting scale (Bergman et al., 2011). The body adiposity index can be calculated using 

the following formula: 

𝐵𝑜𝑑𝑦 𝑎𝑑𝑖𝑝𝑜𝑠𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 =
𝐻𝑖𝑝 𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑛𝑐𝑒 (𝑐𝑚) 

𝐻𝑒𝑖𝑔ℎ𝑡 (𝑚)1.5
− 18 

The new index shows a correlation with body fat percentage among African Americans 

and Hispanic Americans (Bergman et al., 2011). However, its accuracy is low compared to 

BMI (Lichtash et al., 2013). Studies were conducted to examine its validity for other ethnic 

groups found that the body adiposity index may not be valid for those of Asian ancestry (Lam 

et al., 2015). On the contrary, recent literature have suggested that fat in the lower part of the 

body, particularly in the glutofemoral area,  is an indicator of good health (Stefan, 2020).  

Bioelectric impedance analysis 

By contrast to expensive, immobile devices and inaccurate techniques used to measure 

adiposity, Bioelectric Impedance Analysis (BIA) provides an easy, cheap, and reliable estimate 

of body components (L. Ward, 2019). Its prediction of different body components percentages 

(muscle, subcutaneous fat, visceral fat, water, and bone) has value beyond its current popularity 

among fitness trainees. However, its accuracy remains questionable and needs further 

development (Lloret Linares et al., 2011; Murphy et al., 2019). 
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Overall, there are a range of measures out there for obesity and that those in common use have 

their limitations.    

1.1.2 Factors influence adiposity distribution pattern 

Adiposity distribution patterns can provide general information about population’s 

most suitable weight reduction interventions and what diseases are to be expected in that 

population. Different adiposity patterns are found across different age groups, genders and 

ethnicities. 

Age 

Aging is associated with redistribution of body fat which begins during the middle age 

by shifting subcutaneous fat and lower body fat to visceral adipose tissue (Kuk et al., 2009). 

Later  around the age of 70, another redistribution of fat takes place where fat infiltrates muscle 

tissue and bone marrow (ectopic adiposity) (Frank-Wilson et al., 2018; Kuk et al., 2009). The 

ectopic adiposity resulting from age related redistribution of fat into muscle tissue is known as 

sarcopenic obesity and is associated with reducing mobility and muscle power as well as 

increasing the risk of fall and fracture.  

The effect of the redistribution of body fat in older people is not yet clearly understood. 

Rantanen et al (1997) have suggested that muscle weakness in sarcopenia would  result in 

physical inactivity that in turn would lead to chronic diseases (Rantanen et al., 1997). While 

Zamboni et al (2008) have suggested that consequences of the sarcopenic obesity are not 

limited to physical disabilities but extend to type 2 diabetes as excessive fat accumulation in 

the muscles would lead to insulin resistance (Zamboni et al., 2008). Thus, older populations 

are recommended to perform aerobic physical activity to strengthen the muscle and maintain 

healthy body weight. 
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Gender 

Women not only have higher proportion of fat normally in their body compared to men 

but also have different distribution pattern of the body fat. Unlike males, females store more of 

their fat in lower part of the body (also known as gynecoid patterns) (Gavin & Bessesen, 2020). 

Fat in males tends to accumulate in upper part of the body which is known as android fat 

distribution (Matsuzawa et al., 1995). Ley et al (1992) have examined the differences between 

sexes using the DEXA on 103 Caucasian men and 131 Caucasian women (Ley et al., 1992). 

The study found that the amount of fat (in kilogram) in leg, thigh, and hip was significantly 

higher among females. Males showed a higher proportion of fat tissue in the waist and scapular 

region.  

Although both males and females would experience fat redistribution as getting older, 

differences in hormonal production might have a role in fat distribution (Karvonen-Gutierrez 

& Kim, 2016). The Ley et al. study also examined the role of menopause on fat redistribution 

(70 out of the 131 were postmenopausal women) and found that menopause is a transitional 

stage for women from gynecoid to android fat distribution.  

Deposition of fat in lower part of the body is a sign of good health and might also have 

a protective role against chronic diseases (Carey et al., 1996; M.-J. Lee & Fried, 2017); and 

deposition of fat in the upper body as in the android fat distribution is known for increasing 

risk of chronic diseases (Matsuzawa et al., 1995). In women, the redistribution of body fat from 

lower body to upper body has also increased the risk for women of developing chronic diseases 

such as hypertension. Data from the National Health and Nutrition Examination Survey, were 

used to estimate prevalence rate of hypertension in the USA across genders (Ramirez & 

Sullivan, 2018). Among younger adult, rates of hypertension were higher in males. However, 

hypertension became more prevalent among older females compared to males of the same age 

group at older ages.  
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Ethnicity 

The distribution pattern of body fat could be expected to differ among those descended 

from different ethnic backgrounds (Wu et al., 2007). White populations have different patterns 

compared to other ethnicities (França et al., 2017). In a multicentre study on 391 participants, 

CT scan and DEXA were used to compare patterns of body fat among White and African 

Americans (Hill et al., 1999). CT scans were used to estimate visceral and subcutaneous 

adipose tissue while DEXA was used to estimate total percentage of body fat. The study found 

that controlling for age, study location and percentage of body fat obtained from DEXA, White 

males had significantly more visceral adipose tissue compared to African Americans (92.2 

versus 79.9 cm2) and lower amount subcutaneous adipose tissue (190.8 versus 226.8 cm2). 

With adjustment for the same variables, subcutaneous adipose tissue were statistically 

significantly lower in White females (308.7 versus 358 cm2) but no differences were found in 

visceral adipose tissue between White and African American female (63.4 versus 69.5 cm2). 

Additionally, the study reported that White males had higher amounts of visceral adipose tissue 

compared to their African American peers when adjusted for BMI. Differences in the pattern 

of fat distribution are evident not only between White and African Americans but across other  

ethnic groups also (Wu et al., 2007). These differences have critical roles in defining obesity 

and screening for obesity related comorbidities.  

Genetic variants 

The different patterns shown in different age group, sex, and among different ethnic 

groups are basically due to the fact that each individual has a unique DNA code stored in their 

genes. A number of genes genotypes express as observable traits known as phenotype. 

Researchers have suggested a role of the genotypes for having different phenotypes of obesity 

distribution (Malis et al., 2005). Those suggestions were recently confirmed. In a literature 

review,  Yaghootkar et al. (2020) have reported 14 genetic variants found to have direct impact 
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on fat distribution (Yaghootkar et al., 2020). Those variants are responsible for storing 

excessive fat in subcutaneous adipose tissue and reducing the risk for developing obesity-

related comorbidities. Yaghootkar et al. have described those genetic variants as “favourable 

adiposity” because the larger number of those genes is positively related to the subcutaneous 

fat distribution and the smaller number of those genes would result in more visceral adiposity 

distribution in the affected individual as among South Asians. The author argued that the 

variance in fat distribution across ethnics groups is due to genetic variants.   

1.1.3 Prevalence of obesity 

Obesity became a major public health issue after its prevalence reached a pandemic 

level (Wolfenden et al., 2019). Data shows that the prevalence rate of obesity has tripled since 

1975. In 2016, more than 650 million adults worldwide are obese which represent 13% of those 

18 years and above (WHO, 2020). However, the increasing trend of obesity represents the 

average rate for countries included in the study and could mask the diverse prevalence rates 

within each country. For example, the prevalence of obesity in Japan was 3.8% for male and 

3.2% in female in 2010 (Yoshiike & Miyoshi, 2013); while in China it was 13.99% in 2011 

(Y. Chen et al., 2019). In the European counties, prevalence of adult obesity reached 14% in 

2014 and range from 25% in Malta to 9% in Romania while the United Kingdom ranked third 

with adult obesity rate of 20% in the same year (OECD/European Union, 2018). 

Countries in the same region with similar income levels may be more similar in respect 

of the prevalence of obesity. For example, differences in the adult general obesity among the 

Group of twenty1 (G20) members of similar region have similar prevalence (Cooper & Thakur, 

2013). Trends in adult general obesity measured as BMI >=30 kg/m2 can be seen in Figure 1.1, 

1.2 and 1.3. With the exception of Saudi Arabia, Asian countries such as India, Indonesia, 

 
1 Group of twenty (G20) is consist of 19 countries and the European Union, founded in 1994 and represent 80 - 

90% of the world economies (Cooper & Thakur, 2013).   
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China, Japan, and Korea exhibit a lower prevalence of general obesity and a more flattened 

trend. Nevertheless, Asian countries are not in a better position as they tend to have more 

central obesity. Using the criteria mentioned in Table 1.1 to define central obesity, the 

prevalence of central obesity in China has rocketed from 20.2% to 46.9% from 1993 to 2015 

(See Figure 1.4) (S. Ma et al., 2021). Furthermore, the worldwide central obesity rate have 

doubled from 31.3% in period of  1985-1999 to 48.3% in 2010-2014 with high prevalence 

among Asian and South Americans countries (Wong et al., 2020). 

Variation in the prevalence between countries of the same region such as the diversity 

of prevalence seen among the European countries it has been argued may be associated with 

average educational levels in those countries (Roskam et al., 2010). Others have found that the 

Gini 2 coefficient for income distribution is strongly associated with obesity prevalence (Wells 

et al., 2012). Others found that the dominant culture inherent in a country could have an effect 

on population perception of obesity and their body image and prevalence (C. Wallace et al., 

2019).  

The prevalence varies between countries and the USA which is the country with the 

highest prevalence (Congdon, 2017). Between 1960 and 2017, the prevalence rate of obesity 

in the USA has jumped from 10.4% to 42.2% for males and from 15.0% to 41.8% among 

females (World Obesity Federation Global Obesity Observatory, n.d.).  

Trends in obesity among the G20 group are shown in Figures 1.1, 1.2 and 1.3. United States of 

America and Saudi Arabia are the most prevalent countries of adult obesity among the G20 

countries. The variation in the obesity prevalence within countries could be extended to 

examine citizens within each country as it only represents an average rate of the included 

populations and might mask the diverse prevalence of groups within the population.  

 
2 Gini coefficient was introduced by Corrado Gini in 1914 and used as an indicator for income distribution where 

Ginni coefficient of 0 means perfectly distributed income and 1 represent income inequality (Pellegrino, 2020).  
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Figure 1.1. Obesity trend in the Group of 20 countries.  

Source: WHO data from https://apps.who.int/gho/data/node.main.A900A?lang=en 

(“Prevalence of obesity among adults, BMI ≥ 30, age-standardized - Estimates by 

country,” n.d.) 
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Figure 1.2. Obesity trend in the United States. 

Source: WHO data from https://apps.who.int/gho/data/node.main.A900A?lang=en 

(“Prevalence of obesity among adults, BMI ≥ 30, age-standardized - Estimates by country,” 

n.d.) 

 

 

 

Figure 1.3. Obesity trend in Saudi Arabia. 

 Source: WHO data from https://apps.who.int/gho/data/node.main.A900A?lang=en 

(“Prevalence of obesity among adults, BMI ≥ 30, age-standardized - Estimates by country,” 

n.d.) 
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Figure 1.4. Trend of central obesity among male and female adults in China. 

Source: (S. Ma et al., 2021) 

 

Ethnic variation  

Belonging to an ethnicity is widely accepted to have an impact on body weight 

(Deurenberg et al., 1998). The ethnic variance have impacted on the trend of obesity in each 

ethnicity. In 2001, the prevalence of subcutaneous obesity were estimated based on a nationally 

representative telephone survey dataset provided by the Behavioral Risk Factor Surveillance 

System (BRFSS) found that obesity prevalence varies across ethnicities in the USA (Y. Wang 

& Beydoun, 2007). Another study has recently estimated the prevalence of the obesity across 

different ethnicities in the USA using the National Health and Nutrition Examination Survey, 

2017–2018 found a similar difference across ethnicity (Hales et al., 2020). Comparing the two 

studies, the prevalence of general obesity has risen from 21.8% to 42.2% among White, 34.8% 

to 49.6% among African Americans, 28.3% to 44.8% among Hispanic, 4.8% to 17.4% among 

Asian from 2001 to 2017. The prevalence of obesity was high also among Native Americans 

and reached 34.3% in 2001. Although Native Americans represent 1.3% of the USA census, it 

has become common practice to report them among “other ethnicity” minorities that make it 
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hard to estimate their obesity prevalence (U.S. Census Bureau, 2019; Z. Ward et al., 2019). 

However, it has been estimated that half (47.10%) of Native Americans are estimated to have 

general obesity and approximately two-thirds (64.57%) have central obesity in the period 2004-

2007 (Slattery et al., 2010). The rate has increased according to the Centers for Diseases 

Control and Prevention which have estimated general obesity among Native American to be 

48.15% in 2018 (CDC, 2018). 

Impact of income 

The effects of income depend on a country’s economic situation. The prevalence of 

obesity in high income countries are higher than lower income countries. North America, 

Europe, and central Asia having the highest rate of obesity (Talukdar et al., 2020). Low-income 

individuals in a high-income country are more likely to have obesity (Giskes et al., 2008). For 

example, in the USA, those of lower socioeconomic status are at higher risk of developing 

obesity and obesity related diseases as they tend to consume cheaper high calorie food 

(Drewnowski & Specter, 2004). A study in Italy shows that low income individuals had a 

higher BMI compared to higher income groups (Bonaccio et al., 2012). Another example from 

China where the rate of central obesity became higher in low educational levels than higher 

education achieved (S. Ma et al., 2021). In the US community, Townsend has pointed to three 

causes of obesity among deprived people (Townsend, 2006). The causes include higher calorie 

diet, food insecurity, and being recipient of food assistant program. By contrast, a cross-

sectional study of 39 countries found that, for example, high income and high education level 

were associated with obesity in low income countries like  Sub-Saharan Africa (Martorell et 

al., 2000).  

1.1.4 Causes of obesity 

Aside from the aforementioned factors that are associated with some of the trends and 

variations in rates of obesity, obesity is widely believed to be a result of multifactorial 
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contributions. These reasons actually overlapped but for the purpose of exposition, common 

reasons for obesity are discussed under four groups: behavioural, genetic, pathogenic, and 

iatrogenic causes. 

Behavioural causes 

Excessive calorie intake and lack of physical activity are commonly reported causes of 

obesity in the literature along with other factors (Ross et al., 2015). To a certain limit, calorie 

intake is important for the body metabolism. The amount of calorie required to maintain body 

metabolism - without affecting weight - is a function of age, sex, level of physical activity, 

height, and weight (Trumbo et al., 2002). For example, the estimated daily calorie requirement 

for a sedentary adult with 1.65-meter height and normal BMI could range from 2,068 to 2,349 

kcal for male and 1,816 to 1,982 for female.  Calorie intake should match calorie expenditure 

(calorie burn) to reach state of calorie balance. Exceeding the range of the required daily calorie 

intake (positive calorie or calorie imbalance) is widely accepted to be one of the major causes 

of the obesity. Koplan and Dietz (1999), for example, used the spike in daily calorie 

consumption for the period between 1977 and 1998 to emphasize the relationship between 

obesity and calorie consumption and to explain how the impact of calorie intake could 

exaggerate the impact of other environmental risk factors such as sedentary behaviour and 

easily accessible unhealthy food (Koplan & Dietz, 1999). Thus, interventions that could reduce 

calorie intake might improve the current obesity pandemic. An extended period of the daily 

calorie intake among the USA resident can be seen in Figure 1.5. 

 

 

 

 

 

 



17 

 

 

 

Figure 1.5. Trend of calorie intake in the United States. 

Source: (Ford & Dietz, 2013) 

 

Behavioural attitudes toward food is controlled via the gut hormones. Status of full or 

empty stomach is communicated by the gut to the brain via hormones secreted in the 

bloodstream (Field et al., 2010). The brain translates these hormones into a sense of hunger or 

satiety  (Suzuki et al., 2012). A hormone like Ghrelin produced by the stomach during hunger 

and gives the feeling of pleasure after eating high calorie food could be responsible for high 

calorie “addiction” seen in overweight individuals (Schellekens et al., 2012). Another hormone 

like Leptin, responsible for inducing a sense of fullness, could be faced by resistance if its 

secretion lasts for long time (Wright et al., 2004). The role of hormones have been used to 

develop weight reduction interventions that basically interfere with the hormone mechanism. 

Performance of moderate to vigorous aerobic physical activities of at least 150 to 300 

minutes per week is recommended for maintaining health and associated with healthy body 

0

500

1000

1500

2000

2500

3000

kc
al

/d
ay

Year

Trend of calorie intake per day in the USA

Male Female All



18 

 

weight (Carlson et al., 2010). Data from the National Interview Health Survey shows that 

individuals with obesity were less likely to engage in moderate or intense physical activities 

(Carlson et al., 2010). Furthermore, 41.7% of obese interviewed had reported themself as 

physically inactive as they were performing less than 10 minutes of aerobic physical activities 

per week. Despite efforts being made to encourage physical activities, the rate of physical 

inactivity remains high in the USA. The rate of physical inactivity slightly reduced from 36.6% 

to 31.9% though between 2008 to 2015 (Carlson et al., 2010; Department of health and Human 

services, 2018). 

Sedentary behaviours, in the same context, can be used for further estimation of 

individual activities. Sedentary behaviours require minimal calorie expenditure and include 

time spent lying or sitting for leisure or occupational purposes (Atkin et al., 2012). A trend of 

time spent in sedentary behaviour can be seen in Figure 1.6. In a Norwegian study of 50,817 

adults, the hazard ratio for all-cause mortality was 1.65 for those who had spent more than 10 

hours per day sitting after more than 3 years of follow up (Chau et al., 2015). In another study 

from Canada, researchers examined the relationship between obesity and three types of 

sedentary behaviours on 42,612 observations (Shields & Tremblay, 2008). They found that the 

odds ratio of having general obesity was positively correlated with time spent on TV watching 

and using computer. Interestingly, time spent reading was not correlated with increasing body 

weight. Other studies have shown no correlation between reading and obesity. Furthermore, 

sedentary behaviours relationship to obesity has been studied utilizing an international survey 

dataset of 18 developed countries and found a negative relationship between time spent reading 

and body weight (Pampel, 2012). The author argued that spending time reading could be a sign 

of higher education which found to be related to healthier weight in developed countries. It is 

has also been found that the lower rate of obesity in rural areas compared to urban areas gives 

a clue to a possible role of sedentary environment  (Low et al., 2009). 
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Figure 1.6. Trend of time spent in sedentary behaviour among Dutch adults. 

Source: (Van Der Ploeg et al., 2013) 

 

Genetic causes  

Researchers have noticed a particular group of diseases run in certain families (Pyeritz, 

2012). These early observations were the precursor for linking some diseases to its genetic 

causes such as gene mutations responsible for breast and ovarian cancers (King et al., 2003). 

Mutation in a single particular gene (monogenic mutation) that is responsible for the gut 

hormones or fat metabolism would result in severe obesity that begins early in  life and tends 

to resist any weight reduction interventions (Jackson et al., 2018; Svendstrup et al., 2018). 

However, these mutations are rare and only responsible for an estimated 2% of the severe 

obesity observed among children (Froguel & Blakemore, 2008; Loos et al., 2008). Other 

inherited genes have been discovered to increase the susceptibility of having obesity but its 

effect is minor and would require the present of multiple genes (polygenic) to express its effect 

on body weight (Pinto et al., 2019; Torkamani & Topol, 2019). Furthermore, the effect of 

genetic factors that predispose individuals to obesity only serve to exaggerate the effect of other 

obesity causes (Elks et al., 2012). 
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Pathogenic causes 

Obesity can appear as a symptom of a number of endocrine diseases (Bray et al., 1972). 

These diseases include Cushing’s disease and hypothyroidism as well as polycystic ovarian 

disease in female and hypogonadism in male (Glass et al., 1981). The relationship between 

these diseases and obesity became a scientific fact which makes treatment of the underlining 

cause of obesity essential to treating obesity. However, recently emerged studies have 

suggested a role for vitamin D on the body weight. Literature found vitamin D receptors in the 

adipocyte (Ding et al., 2012). Vitamin D deficiency have not yet been confirmed to be causally 

related to obesity. Nevertheless, a study of elderly White women in the USA have found 

correlation between weight gained and vitamin D deficiency (Leblanc et al., 2012). The study 

followed 4,659 female older than 65 years for 4.5 years and then partitioned them according to 

the changes in their body weight into three groups; loss weight, maintain weight, and gained 

weight. The authors found that women gained more than 5% of their baseline have statistically 

different weight gained based on their vitamin D deficiency status (defined as serum 25-

hydroxyvitamin D <30 ng/mL). 

Iatrogenic causes 

Commonly prescribed medications could have an impact of patient weight. These 

medications include antidepression, corticosteroids, hypertension medication, insulin, and 

other antidiabetic medications (Verhaegen & Gaal, 2019). In a systematic review and meta-

analysis of randomised clinical trials, weight gain has been noticed after a minimum of 3 

months of prescribing oral antidiabetic medications. The weighted mean differences in kg were 

2.30, 0.91, and 1.99 kg in patients after treating diabetic patients for a minimum of three months 

by thiazolidinediones (glitazones), glinides, and sulfonylureas, respectively (Phung et al., 

2010). Some contraceptive pills and devices could result in weight gain. For example, 

oestrogen-based pills, progesterone-based pills, and progesterone-eluting intrauterine devices. 



21 

 

Miscellaneous causes 

Ongoing research to determine the effect of several other behaviours on the rate obesity. 

Smoking cessation can be one of the factors responsible for weight gain. Literature suggested 

that smoking can attribute to loss of appetite which explain some of the changes in weight 

among smokers (Bush et al., 2016). The obesity prevention effects of smoking were 

hypothesized to have a reversal effect after smoking cessation. In a systematic review and meta-

analysis of 35 prospective studies, quitting smoking found to have increased body weight by 

2.6 kg compared to those continue smoking (J. Tian et al., 2015). 

Other studies have examined the impact of pregnancy on body weight as women are 

expected to have higher weight during pregnancy which might be difficult to lose after giving 

birth (postpartum). Endres et al (2015) have examined weight changes in 744 pregnant women 

(Endres et al., 2015). The proportion of obese women have statistically increased from 29.8% 

in prepartum to 41.3% in one year postpartum. 

1.2 Obesity as a risk factor 

While the discussion of obesity, its causes and management were largely confined to 

the clinical arena initially the conversation did relatively more recently spread beyond this 

domain (Fineberg, 1962).  As an appreciation of it rose interest in obesity prevention and 

treatment became part of most diseases’ management given its role in comorbidities. Almost 

all treating physician must have at least basic information about obesity and its possible effect 

on their patients (Mastrocola et al., 2020). In 2007, a systematic review and meta-analysis study 

was undertaken to estimate relative risk of 18 diseases in obese patients compared to normal 

BMI (Guh et al., 2009). Detailed relative risks with 95% confidence interval of obesity related 

comorbidities are shown in Table1.2.  
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Table 1.2. Gender-adjusted obesity-related comorbidities relative risk (RR). 

 Male Female 

Disease RR 95% CI RR 95% CI 

Diabetes type II 6.74 5.55-8.19 12.41 9.03-17.06 

Hypertension 1.84 1.51-2.24 2.42 1.59-3.67 

Coronary artery disease 1.72 1.51-1.96 3.10 2.81-3.43 

Congestive heart failure 1.79 1.24-2.59 1.78 1.07-2.95 

Pulmonary embolism 3.51 2.61-4.73 3.51 2.61-4.73 

Stroke 1.51 1.33-1.72 1.49 1.27-1.74 

Asthma 1.43 1.14-1.79 1.78 1.36-2.32 

Gallbladder disease 1.43 1.04-1.96 2.32 1.17-4.57 

Osteoarthritis 4.20 2.76-6.41 1.96 1.88-2.04 

Back pain 2.81 2.27-3.48 2.81 2.27-3.48 

Breast cancer   1.13 1.05-1.22 

Colorectal cancer 1.95 1.59-2.39 1.66 1.52-1.81 

Endometrial cancer   3.22 2.91-3.56 

Oesophageal cancer 1.21 0.97-1.52 1.20 0.95-1.53 

Kidney cancer 1.82 1.61-2.05 2.64 2.39-2.90 

Ovarian cancer   1.28 1.20-1.36 

Pancreatic cancer 2.29 1.65-3.19 1.60 1.17-2.20 

Prostatic  1.05 0.85-1.30   

Note. Adopted from The incidence of co-morbidities related to obesity and overweight: a 

systematic review and meta-analysis, by Guh et al., 2009. 

 

Risk of nutritional deficiency 

Despite being associated with overeating, obesity is also associated with low intake of 

necessary elements and vitamins that may result in undernourishment (Astrup & Bügel, 2019; 

Kaidar-Person et al., 2008). Obesity and vitamin D have a unique relationship. In fact, vitamin 

D is fat soluble and stored in the fat tissue making people with obesity at a higher risk of 

developing vitamin D deficiency. Some obese individuals remain at risk of vitamin D 
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deficiency even if they undergo weight reduction surgeries (bariatric surgeries). Some of the 

bariatric surgeries such as Roux-en-Y gastric bypass, biliopancreatic diversion and 

biliopancreatic diversion with duodenal switch surgeries alter the anatomy and function of gut 

that are responsible for vitamin D absorption from the food ingested (Bloomberg et al., 2005). 

The impact of vitamin D deficiency will be discussed in detail in chapter 2. 

1.3 Economic burdens of obesity 

As the prevalence of obesity increased and with it the pattern of comorbidity, it is 

unsurprising that the associated economic impact in terms of both direct and indirect costs has 

also increased. The OECD reported in 2019 that the direct medical cost of obesity related 

disease has contributed to 8.4% of the total health expenditure in 52 countries (OECD, 2019). 

The report demonstrated a higher rate of medication, outpatient visits and inpatients length of 

stay among individuals complaining of obesity. In 2015, Cawley et al. showed that obesity cost 

the United States $315.8 billion in 2010 USD. The mean annual medical cost per obese patient 

was estimated to $3,508 in 2010 USD. This study also described expected savings associated 

with reduction in BMI. A reduction of 5% in BMI would result in medical expenditure savings 

of $69, $528, and $2,137 for baseline BMI 30, 35, and 40, respectively. Many similar studies 

has been undertaken in other countries including Ireland , Australia , Canada and Germany 

(Anis et al., 2010; Colagiuri et al., 2010; Doherty et al., 2015; Lehnert et al., 2015; OECD, 

2019). 

Another component of cost not commonly presented in the literature is the direct non-

medical cost of obesity. For example, transport, accommodation and meal costs that may be 

occasioned while consuming medical care cost (Ibrahim et al., 2015). This type of cost is 

usually encountered by the patients accessing healthcare services and would increase the total 

direct cost of obesity. However, from societal perspective, further cost elements could be added 

to the cost of obesity – indirect non-medical costs. These costs consist of the cost that result 
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from lost productivity. Presenteeism is one form of indirect cost where productivity of 

employer with obesity reduced such as requiring more time to perform physical job (Lehnert 

et al., 2013). Another form of indirect cost is absenteeism which is commonly measured by the 

number of sick leaves days due to obesity-related comorbidities. Obesity could also impact 

future career by increasing the risk of disabilities  and premature death (Lehnert et al., 2013). 

A study conducted in South Korea found that direct non-medical cost including transit cost and 

nursing cost increased the total direct cost of obesity by 17.7% in 2013 (J. woo Lee et al., 2018). 

The author have also estimated the indirect cost of obesity by collecting data related to the 

future income loss and productivity loss. The indirect cost of obesity was found to increase the 

total direct cost by 25.7% in 2013 (J. woo Lee et al., 2018). Thus, healthcare sector is not solely 

affected by the prevalent rate of obesity. 

1.4 Obesity management 

Obesity is known for increasing the risk of metabolic diseases and some cancers. 

However, obesity is commonly considered as a modifiable risk factor for many of these 

diseases. In a study of 195 countries, obesity was ranked 16th in the list of leading cause of 

death for both genders in 1990. It ranked the 7th in 2007 and jumped to the 4th place in 2017 

(Stanaway et al., 2018). A reduction of body weight is associated with reduction at risk of 

developing common chronic diseases. In a meta-analysis of 54 randomized control trials were 

reviewed to estimate the impact of healthy diet on all-cause mortality (C. Ma et al., 2017). The 

author found that weight reduction was associated with reduction of risk ratio by 18 points 

among high quality evidence literature. However, the concept of having a healthy weight would 

protect from chronic diseases is new and would require something of a mind shift among some 

populations. At a certain time in the early twentieth century, even health insurance was 

considering overweight as a sign of good health that might positively affect health insurance 

costs (Komaroff, 2016). 



25 

 

The misconception of the benefit of overweight was seen among population with high 

rate of obesity such as the USA and KSA. In 1998, 21 out of 57 mild to moderate obese Saudi 

female were satisfied about their body weight and believed they have normal weight (Rasheed, 

1998). Similarly in the USA, overweight and obese black American and Hispanic American 

are more likely to view themselves as having normal weight (Dorsey et al., 2010). The remnants 

of these misconceptions among different ethnicities might have also contributed to avoidance 

of weight reduction interventions. In a cross-sectional study, obese white women were found 

to be either more motivated or required less effort for weight reduction interventions compared 

to their peers of African Americans women (Blixen et al., 2006). 

1.4.1 Population-based obesity management 

The increase in calorie intake was associated with a revolution in the sugary food 

industries and expansion of many fast-food brands around the world as well as easy 

accessibility of high dense calorie food options. Some of the population-based interventions to 

prevent obesity and reduce the high rate of obesity is through health education, taxation, and 

promoting healthy diet.  

1.4.1.1 Health education 

Increased community awareness of the obesity hazard and how to prevent weight gain 

is one of the common health promotion programs adopted in developed countries (Cleland et 

al., 2013; Koh et al., 2018). For example in the US, the CDC has funded health promotion 

programs in 37 states with a focus on reduction of obesity prevalence (Koh et al., 2018). The 

programs it is argued successfully reduced the odds of having obesity among adult by 2.4 

percentage points (Koh et al., 2018). Despite that health information being distributed through 

different channels, certain members of the community might not benefit community-based 

interventions. The CDC initiatives were less effective in low household income, among ethnic 

minorities, and those with lower educational achievement. In a systematic review of 13 studies 
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from developed countries, low socioeconomic individuals were less likely to benefit from 

community-based health education perhaps due to environmental factors and other factors 

related to education levels achieved (Beauchamp et al., 2014).  

1.4.1.2 Taxation 

Taxation of unhealthy food could be an effective option to reduce risk of obesity and 

obesity related diseases (Blakely et al., 2020). In the US, price elasticity for soda intake is -

1.025 (p value <0.01) among poor adults (Wada et al., 2015). The tax on sweetened beverages 

is expected to reduce the cost of healthcare expenditure related to obesity by $9.33 billion to 

$54.9 billion over 10 years (Long et al., 2015). Taxation of sugar added drinks was 

implemented in many countries including Saudi Arabia (which added 100% tax on sugar added 

drinks in 2017) and selected cities in the Unites States such as Berkeley, California beginning 

from 2015 (Pfinder et al., 2020). Early results from Berkeley, California shows a reduction in 

sugar added drinks consumption (soda, energy drinks, sport drinks, fruit juice, sweetened 

coffee and sweetened tea) to half from 1.25 beverage per day to 0.79 per day; and increase of 

water consumption by 29.3% from 3.48 times per day to 4.92 times per day after three years 

of implementing the taxation policy (M. M. Lee et al., 2019). The elasticity of demanding 

unhealthy food options can be magnified if healthier alternative options were subsidized. 

However, others have argued expected that taxation would have minimal to no effect on the 

obesity prevalence more broadly and may affect people of lower socioeconomic status only 

(Powell & Chaloupka, 2009). 

1.4.2 Individuals-based interventions 

The clinical response to obesity can be characterised as a gradated response based on 

the severity of the problem and the response of the patient to previous interventions. These are 

exemplified in the POWER (Practice Guide on Obesity and Weight management, Education 

and Resources) program developed by the American Gastroenterologist Association which 



27 

 

provides a guide for physicians dealing with obese patients (Acosta et al., 2017). The POWER 

recommends management of obesity undertaken in four stages supervised by a 

multidisciplinary team in a well-established centre that meets safety requirements for handling 

obese patients.  In stage one, also called obesity assessment, a physician, usually primary health 

care physician, assesses obese patients for their readiness and motivation to reduce body 

weight. The second element of stage one is a medical evaluation, which consists of a complete 

clinical examination as well as height, weight, and waist circumference measurement. 

Measurements will include laboratory tests including a comprehensive metabolic panel, lipid 

profile, blood glucose level, and thyroid function tests. The remaining elements of obesity 

assessment include nutritional evaluation, psychosocial evaluation, and physical activity and 

exercise evaluation. The purposes of including those elements in this stage are to help the team 

set the appropriate plan of care for each patient and avoiding some interventions the patient 

cannot tolerate because of food allergies or intolerance, history of psychological diseases 

related to overeating, or degree of immobility that prevent patient of compliant to physical 

activity interventions.  

Stage two of obesity management comprises an intensive weight loss intervention. This 

occurs at two levels: the first level which is the mainstay intervention for all obese patients, 

consists of lifestyle modification interventions that include dietary advice and exercise; the 

second level may include additional interventions such as weight loss medication, endoscopic 

procedures, and bariatric surgery. Lifestyle modification (level one) is the cornerstone of any 

weight loss management, weight maintenance, weight gains prevention program.  

The goal of weight reduction should be 5% to 10% of body weight at the end of the 

first six months. If the patient fails to achieve the target, the team will consider adding second 

level interventions. According to American Heart Association (AHA)/ American College of 

Cardiology (ACC)/ The Obesity Society (TOS) guidelines, pharmacotherapy is recommended 
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for all obese patients who could not achieve significant weight loss with lifestyle modification 

(Jensen et al., 2014). Endoscopic interventions could be a treatment option for the class I and 

class II as well as a bridge to bariatric surgical interventions for morbidly obese patients 

(Acosta et al., 2017). However, bariatric surgery is only recommended for obesity class II with 

obesity-related comorbidity, or obesity class III (Jensen et al., 2014). 

Because obesity is a chronic relapsing disease, POWER stage three and stage four focus 

on maintaining weight and preventing weight regain. The weight loss maintenance intervention 

stage consists of cornerstone therapy of diet, physical activity, and exercise and behavioural 

change. In these stages, the treating team monitor weight gain and determine if interventions 

need to be intensified or augmented based on the outcome of previous interventions.  

1.4.2.1 Anti-obesity agents  

Five FDA approved anti-obesity drugs are commonly used to enhance patients’ 

adherence to lifestyle modification. Orlistat (Xenical) is a three times a day capsules, that acts 

by reducing fat absorption. Although Orlistat is a relatively safe and cheap anti-obesity drug, 

its effect is limited resulting in only 3% body weight loss over 12 months duration (Acosta et 

al., 2017). Due to its mechanism of action patients need to take multivitamin pills to 

compensate for fat-soluble vitamin malabsorption. Lorcaserin (Belviq) is a twice a day tablet 

that results again in limited weight loss - up to 3.6% (Acosta et al., 2017). Liraglutide (Saxenda) 

is once daily subcutaneous injection. Liraglutide is recommended for obese patients with type 

II diabetes mellitus and contraindicated to use with insulin. The mean % weight loss achieved 

with it use is reported at 4% to 5.4% for patients on Liraglutide for one year (Acosta et al., 

2017). The other anti-obesity drug is a combination of Phentermine and Topiramate (Qsymia). 

This is a once-daily capsule resulting in 8.9% to 9.3% weight loss during one year (Acosta et 

al., 2017). The main disadvantages of Phentermine/Topiramate are mood change and memory 

problems. The last anti-obesity drug is Naltrexone/Bupropion (Contrave), a twice-daily tablet. 
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Nausea is a commonly reported side effect of Naltrexone/Bupropion. However, as with several 

of the other medications its effect is limited with weight loss of 3.3% to 4.8% being reported. 

All mentioned anti-obesity drugs are contraindicated for pregnant women.  

1.4.2.2 Endoscopic interventions  

There are many endoscopic interventions to reduce body weight and can be categorized 

based on their impact on the stomach or small intestine: space-occupying, bypass, restrictive 

or aspiration therapy (Kumar, 2015). Space-occupying gives the patient a sense of fullness by 

inserting a balloon “ballooning,” formerly known as the endoscopic bubble, into the patient 

stomach through the mouth. Another form of space-occupying is by either implementing 

devices like TransPyloric Shuttle or Full sense device. The former works by causing food to 

stay much longer in the stomach and the latter causes pressure to the inner surface of the 

stomach to mimic the sense of fullness. Furthermore, there are four types of balloons in the 

market. Each balloon has its distinct shape, different inflation material, variable duration of 

implementation, insertion method, extraction method, and complications (Abu Dayyeh et al., 

2015).  

Orbera balloon - previously known as Bioenterics Intragastric Balloon or BIB - is FDA 

approved safe silicon balloon inflated with saline and methylene blue (Abu Dayyeh et al., 

2015). The balloon can be filled with 400mL to 700mL of fluid (Kumar et al., 2017). Although 

its implementation is limited to six months only, it has shown sustained weight loss after its 

removal (Courcoulas et al., 2017). In a single-center study conducted in Spain, 714 patients 

were chosen for Orbera balloon placement (Lopez-Nava et al., 2011). Obesity was not the only 

health problem for the patients but also hypertension in 22 patient, diabetes mellitus type 2 in 

16 patients, respiratory disorders in 31 patients, and osteoarthropathy in 14 patients. Their mean 

BMI at baseline was   37.6 kg/m2 ranging from 31 kg/m2 to 57 kg/m2, and the balloon was 

placed to the maximum duration for all patients except 31 patients required balloon removal 
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due to intolerance. Placement of Orbera balloon resulted in a decrease in mean BMI to 31.1 

kg/m2 with a range from 24 kg/m2 to 48 kg/m2. It also improved obesity-related comorbidities 

in 150 patients. In the same article, Lopez-Nava et al. also summarize indications for Orbera 

balloon placement as a bridge to bariatric surgery for those carrying a high risk of anesthesia 

complication, obesity class III patients not fit for bariatric surgery, or temporary intervention 

for class I and class II. A larger sample size study was undertaken in Italy to evaluate the 

effectiveness of Orbera balloon on weight and obesity-related comorbidities for 2515 

patients(A. Genco, Bruni, et al., 2005). The patients mean BMI at baseline was 44.4 kg/m2 

ranging from 28 – 79.1 kg/m2, and more than half of the patients (1394 patients) were 

diagnosed to have obesity-related comorbidities. Placement of Orbera balloon for six months 

resulted in decreased mean BMI to 35.4 kg/m2 range from 24 – 73 kg/m2.  Blood pressure, 

fasting glucose level, Hemoglobin A1c, cholesterol, and Triglyceride were improved in most 

of the patients. 54.4% of diabetic patients show improvement in their blood glucose level and 

32.8% were cured of diabetes. Almost half (48.9%) of hypertensive patients show improvement 

and in 44.8% this was resolved. On the other hand, complications occurred in 2.8% of patients 

which included gastric obstruction (0.76%), balloon rupture (0.36%), esophagitis (1.27%), 

gastric ulcer (0.2%), gastric perforation (0.19%), acute gastric dilatation (0.08%), early 

intolerance (0.44%).  

Another form of ballooning - Reshape Duo - consists of two balloons connected to each 

other filled with saline and methylene blue. The purpose of having this balloon design is to 

prevent complications that could happen due to accidental deflation of the balloon.  Reshape 

Due is FDA approved for use with patients with BMI from 30 kg/m2 to 39.9 kg/m2 and 

comorbidity (Kumar et al., 2017). In a randomized controlled trial study, 326 obese patients 

were randomized into Reshape Duo balloon in combination with diet and exercise versus diet 

and exercise only (Ponce et al., 2015). The mean BMI units lost was 2.7 after six months of 
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balloon placement; however, diet and exercise patients only lost 1.3 BMI units for the same 

period. Percent excess weight loss (%EWL) was considered in the study. The %EWL was 27.9 

in Reshape Duo patients compared to 12.3 %EWL for those on diet and exercise. In a recent 

retrospective study, data from 202 patients who had Reshape Duo balloon were examined for 

efficacy and safety (Agnihotri et al., 2018). The study shows a gradual climb in percent total 

body weight loss (%TBWL) during the first year of the procedure. The recorded mean %TBWL 

was 4.8%, 8.8%, 11.4%, 13.3%, and 14.7% in 1,3,6,9, and 12 months of balloon placement. 

The patients experienced uncomplicated side effects like nausea (73.8%), vomiting (49%) and 

abdominal pain (25.2). Only one patient required surgical intervention due to balloon 

immigration resulted in intestinal obstruction.   

Spatz Adjustable Balloon system (Spatz ABS), which allows the treating physician to 

adjust balloon volume while it is in the stomach has also been shown to be effective (Machytka 

et al., 2011). Adjusting balloon volume might be useful to avoid intolerance or to accelerate 

body weight loss rate (Alfredo Genco et al., 2013).  The effectiveness of Spatz balloon (saline-

filled balloon) was proven for 12 months placement in a retrospective study on 73 patients 

(Brooks et al., 2014). 61 patient required volume adjustment and only 55 patients received 

volume adjustment either for intolerance (10 patients) or weight loss plateau (45 patients). 

Those who underwent volume adjustment showed a better result in the form of %EWL and % 

weight loss. The %EWL at 6,9 and 12 months was 34%, 41%, and 45.8%, respectively. Some 

cases that presented with severe complications like intolerance (14 patients, 10 of them 

received volume adjustment and the remaining 4 patients chose to extract the balloon), balloon 

deflation (3 patients), and asymptomatic gastric ulcer (2 patients). 

Obalon Gastric Balloon is a deflated folded balloon in swallowable gelatin covered 

capsule (Mion et al., 2013). Obalon is easily administered, and the obese patient can swallow 

three capsules (De Peppo et al., 2017). It is FDA approved and safe even for children with 
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morbid obesity (Nobili et al., 2015). De Peppo study of 17 children underwent swallowing of 

at least one air-filled Obalon capsule, showed that baseline mean weight was 95.8 kg which at 

follow-up approximately five months later had reduced to 83.6 kg. The adverse event in the 

study was limited to mild abdominal pain (5 patients) and vomiting (1 patient). 

The MedSil balloon is filled with 500 – 700 mL of saline. The maximum duration of 

implementation is six months. It is useful for the obese individual to lose weight and improves 

obesity-related conditions. In 2014, Buzga et al. reported results of following-up 22 patients 

who underwent MedSil balloon in the Czech Republic (Bužga et al., 2014). Patients showed 

improvement in weight, body fat percent, BMI, and %EWL. The baseline mean weight was 

128.5 kg; body fat percentage was 43.4%; BMI 43.3 kg/m2. At the time of balloon removal, 

mean weight dropped to 110.1 kg, body fat percentage was 39.4%, and mean BMI was 37.8 

kg/m2. The %EWL rose from 10.8% in the third month of balloon placement to 19.3% at 6 

months. In another study undertaken in Saudi Arabia for a larger sample size of 301 patients, 

the patients mean BMI decreased from 36.24 kg/m2 at baseline to 31.49 kg/m2 at 6 months 

(Almeghaiseeb et al., 2017). However, the rate of losing weight diminished as BMI after six 

months of balloon removal was 31.04 kg/m2. Uncomplicated side effects were the main reason 

for the early removal of the balloon in 80 patients.   

Heliosphere BAG is an air-filled balloon (Lecumberri et al., 2011). Its implementation 

duration is six months (Kumar, 2015). In 2013, Caglar et al. reported a retrospective study on 

32 morbidly obese patients and showed that Heliosphere BAG is associated with fewer side 

effects and minimal weight loss compared to fluid filled balloons (Caglar et al., 2013). 13 

patients out of 32 underwent Heliosphere BAG placement with initial mean weight 127.08 kg 

and BMI 45.63 kg/m2, however, remaining 19 patients received BIB balloon with almost 

similar initial mean weight 130.17 kg and BMI 45 kg/m2. After 6 months of Heliosphere BAG 

placement weight became 117.46 kg and BMI decreased to 42.07 kg/m2. On the other hand, 
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weight and BMI of patients treated with fluid-filled balloons dropped to 116.42 kg and 39.96 

kg/m2, respectively. Complications appeared in fluid-filled balloon patients as: early 

intolerance with nausea and vomiting (in one patient) required removal of balloon and death 

(in one patient) during the first month of balloon placement. Lecumberri et al. examined safety 

of heliosphere BAG in 82 patients. Few complications were reported like nausea and vomiting 

in 7.4% of patients and only 3% of patients experienced had balloon deflation (Lecumberri et 

al., 2011). 

Silimed Gastric Balloon is a fluid-filled balloon recommended for six months 

placement for overweight and obese patients. In 2016, a prospective single-center study 

undertaken in Brazil to examine the safety and weight loss effectiveness in 139 patients 

(Martins Fernandes et al., 2016). 113 out of 139 patients were obese with a baseline mean BMI 

of 35.82 kg/m2. By the time of balloon extraction, obese patients mean BMI dropped to 31.9 

kg/m2, and %EWL was 41.01%. No major complications reported in the study except for early 

intolerance, nausea, and vomiting as well as abdominal pain.  

In addition to balloons, a group of endoscopic interventions that causes an alteration of 

anatomy by making a plication of stomach wall also called “endoscopic gastric plication 

technique” or “restrictive procedures” also exist for the treatment of obesity (Kumar, 2015; 

Kumar et al., 2017). This group includes endoscopic sleeve gastroplasty, primary obesity 

surgery endoluminal (POSE), transoral gastroplasty, Transoral Endoscopic Restrictive Implant 

System (TERIS), Endoluminal vertical gastroplasty (EndoCinch), RESTORe suturing system, 

and plication with the articulating endoscopic circular (ACE) stapler (Pichamol Jirapinyo & 

Thompson, 2017). 

Furthermore, it is believed that creating a barrier between the inner surface of the small 

intestine and food coming from stomach could reduce the absorption rate of nutrients in the 

proximal part of the small intestine responsible for absorption. This mechanism is exactly how 
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intestinal bypass surgery works after being implemented using the endoscope (Abu Dayyeh et 

al., 2015). An endoscopic procedure belongs to this group is EndoBarrier duodenal-jejunal 

bypass and Gastroduodenojejunal Bypass Sleeve.  

Another endoscopic intervention is long-term aspiration therapy by AspireAssist device 

(Nyström et al., 2018). Aspiration therapy works by inserting a tube that makes a canal 

connecting the inner surface of the stomach with abdominal skin to aspirate gastric content 

after meals (S. Sullivan et al., 2013). Aspiration therapy is an option for morbidly obese 

patients(Kumar et al., 2017). A prospective single centre study was conducted in Sweden to 

evaluate effectiveness of AspireAssist in 25 patients.  Patients’ baseline mean weight was 109.8 

kg and dropped by 16.5 kg on average after sixth months (Forssell & Norén, 2015). However, 

four patients experienced side effects; namely abdominal pain, fluid collection in the abdomen, 

skin breakdown, and skin infection. 

It is worth noting that the majority of these interventions have not been assessed in 

terms of cost-effectiveness. 

1.4.2.3 Bariatric surgeries 

Unlike endoscopic procedures, bariatric surgeries, on the other hand, show a better 

result in the form of a high rate of weight loss and minimal weight regains in long-term follow-

up. Bariatric surgeries are major surgical interventions conducted under general anesthesia to 

modify the gastrointestinal tract, and therefore, decrease calorie intake. In 2014, the most 

common bariatric surgeries done in the United States were Sleeve Gastrectomy (58%) and 

Roux-en-Y Gastric Bypass (38%) followed by Adjustable Gastric Band (3%) (Khorgami, 

Shoar, et al., 2017). In Sleeve Gastrectomy, the surgeon removes 60% - 80% of the stomach 

thereby reducing stomach capacity. Therefore, the patient feels fullness with a smaller amount 

of food (Acosta et al., 2017). The main advantages of Sleeve Gastrectomy are the ease with 

which the procedure can be performed compared to other bariatric surgeries and low risk of 
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malabsorption of vitamins. In a study by Keidar et al, conducted in Israel, 18 patients were 

reported to have lost on average 28.4% of their weight during the first year of the procedure 

(Keidar et al., 2013). A higher rate of complications and the risk of weight regain are major 

disadvantages with this type of surgery. On the other hand, in Roux-en-Y Gastric bypass the 

surgeon makes a Y shape anastomoses in two steps that result in food bypassing both stomach 

and duodenum and being mixed with gastric juice in the distal jejunum. The duodenum plays 

critical roles in food absorption and blood glucose level, therefore, Roux-en-Y Gastric bypass 

results in losing weight and improvement of diabetes as well. 19 patients underwent Roux-en-

Y Gastric bypass in Keidar study lost 25.9% of their weight in the first year.  

In a randomized clinical trial of 240 morbidly obese adult patients who were randomly 

chosen for Sleeve Gastrectomy (121 patients) and Roux-en-Y Gastric bypass (119 patients) 

(Salminen et al., 2018a). Patients’ baseline BMI was 45.9 kg/m2. Almost 42% of patients had 

diabetes before the surgical procedures. One-third of patients had dyslipidemia and 70% of 

patients had hypertension. The Sleeve Gastrectomy patients lost 49% of excess weight in 5 

years, blood glucose level improved in 37% of diabetic patients and lipid profile dropped to 

the normal level in 47% of dyslipidemia patients. 29% of hypertensive patients regained their 

normal systolic blood pressure. On the other hand, patients underwent Roux-en-Y Gastric 

bypass showed better results after five years of follow up. They lost up to 57% of excess weight, 

remission of diabetes was in 45% of diabetic patients, decreased lipid profile was seen in 60%, 

and healthy blood pressure in 51% of hypertensive patients. Mortality rate was higher in Roux-

en-Y Gastric bypass group (26%) compared to Sleeve Gastrectomy group (19 %). 

Another rarely performed bariatric procedure is biliopancreatic diversion which is 

usually indicated if weight is regained after the Roux-en-Y Gastric bypass (Himpens, 2016). 

Compared to the Roux-en-Y Gastric bypass, the biliopancreatic diversion involves a further 

alteration of the stomach and small intestine anatomy to increase restriction of calorie 
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absorption which is reflected on its superior effect on weight and metabolic profiles. In a 

systematic review and meta-analysis of 621 studies, effectiveness of gastric bypass, 

gastroplasty, gastric banding and biliopancreatic diversion were examined in terms of weight 

reduction and remission of type 2 diabetes (Buchwald et al., 2009). Two years after the 

intervention, the percentage of excessive body weight loss were the highest in biliopancreatic 

diversion (73.72), followed by gastric bypass (63.25) and then gastroplasty (56.48) and gastric 

banding (48.98). The biliopancreatic diversion shows the highest remission rate of type 2 

diabetes (95.1%) compared to the Gastric bypass (80.3%). The biliopancreatic diversion and 

gastric bypass have the greatest effectiveness in terms of weight reduction and diabetes 

remission, but not without a cost in malnutrition. Both procedures are considered 

“malabsorptive” for its impact on vitamins and minerals absorption (Cole et al., 2014). Vitamin 

D is one of the vitamins that bariatric surgeries would reduce its absorption of and worsen 

serum levels in which may already be low in individuals with obesity. Those who undergo 

bariatric surgeries are recommended to have vitamin D supplementation (Peterson et al., 2016). 

Another disadvantage of bariatric surgeries is the rapid reduction in body weight which 

commonly result in sagging skin. Patients commonly complain of sagging skin at the anterior 

abdomen and chest which can result in poor hygiene, recurrent infection, impaired: mobility; 

sexual relations; social interaction;  quality of life and; negative self-image (Al-Hadithy et al., 

2013; Cai et al., 2020; Chandawarkar, 2006; Gilmartin et al., 2016). Based on the degree and 

location of the sagging skin, patients might require another major surgical procedure to remove 

the unwanted sagging skin.  
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1.5 Thesis objectives 

The aim of the thesis is to investigate heterogeneity in the effects of obesity and 

treatment of obesity across diverse populations and settings. 

Specific objectives are: 

• To explore heterogeneity in the relationship between obesity, vitamin D, type 2 diabetes 

and hypertension.  

• To explore role of unobserved heterogeneity in the vitamin D distribution and its 

relation to obesity, type 2 diabetes, and hypertension. 

• To examine the ethnic disparities in uptake of bariatric surgery in the US over time. 

• To examine disparities in uptake of post-bariatric contouring surgeries. 

• To evaluate cost-effectiveness of intragastric balloon for treating obesity. 

Heterogeneity in risk of obesity is known to be subject to many observable 

characteristics such as age, sex, and ethnicity and other commonly unobserved variables 

including a genetic predisposition factors. The impact of these factors extends to the 

comorbidities of obesity such as vitamin D deficiency, type 2 diabetes, and hypertension. Saudi 

Arabia is known for its high prevalence of obesity and vitamin D deficiency. In chapter two, 

secondary data from Saudi Arabia is used to examine the relationships between obesity, 

vitamin D, type 2 diabetes, and hypertension. 

In the United States, ethnic minorities experience the highest rates of obesity which 

increase their risk of developing many chronic diseases. However, some of these ethnic groups, 

specifically Native Americans, are rarely presented in the literature due to their small numbers 

in typical surveys. Aside from ethnic minorities, those who are considered to be deprived or 

having lower educational level might also be at risk of developing comorbidities diseases in 

high-income countries. A large dataset from the United Sates is utilized in chapter three to 
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examine uptake of bariatric surgeries and post-bariatric contouring surgeries and disparities in 

these across ethnic groups controlling for salient characteristics including insurance status. 

Various individual-based interventions are available for weight reduction. However, 

there is a paucity of literature examining the cost-effectiveness of the newly emerged 

techniques such as intragastric balloon therapy. By adapting a Markov model, cost-

effectiveness of the intragastric balloon is analysed in chapter four. 
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Chapter 2 Relationship between obesity and co-morbidities 

Obesity is associated with an increased risk of cardiovascular mortality through its link 

with hypertension and type 2 diabetes (Abdelaal et al., 2017). The presence of either 

hypertension or type 2 diabetes are complements in the sense that they increase the risk of 

developing each other (Cheung & Li, 2012; Ferrannini & Cushman, 2012). The observed 

strong association between hypertension and type 2 diabetes is not because they act as a 

mediator to each other but also due to the fact that they share common underlining causes. The 

presence of hypertension, type 2 diabetes, and obesity is commonly referred to as metabolic 

syndrome (Kassi et al., 2011).  

Different groups have different magnitudes of risk of developing metabolic syndrome 

according to their social norms and diet. Because of the importance of the metabolic syndrome, 

several attempts have been made to explore its aetiological factors and its link to other 

disorders. A growing number of studies have tested the relationship of serum vitamin D and 

metabolic syndrome and set optimum levels of vitamin D in order to protect against metabolic 

syndrome (Melguizo-Rodríguez et al., 2021; Prasad & Kochhar, 2016; Strange et al., 2015). 

However, the relationship might not be straightforward, keeping in mind that both vitamin D 

deficiency and metabolic syndrome are multifactorial disorders. 

Populations are heterogeneous in nature; some heterogeneities are observable such as 

sex or age while others may, at least in datasets available for analysis, be unobservable, such 

as genetic predisposition or attitude to risk (unobserved heterogeneity). The unobserved 

heterogeneity is commonly due to the lack of crucial variables in the observational studies. 

Genetic predisposition and duration of exposure to risk factors are typical examples of 

unobserved heterogeneity in observational studies. Moreover, individuals within a population 

may exhibit heterogeneity as they might have different predisposing factors. For example, 

being female is related to a higher risk of metabolic syndrome, as noted in the previous chapter. 
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Having several heterogeneous risk factors that overlap and interact with each other 

complicates the relationship between metabolic syndrome and vitamin D deficiency. With the 

increasing prevalence of obesity and economic burden associated with obesity-related 

comorbidities, as noted in the previous chapter, there is an urgent need to better understand the 

complex relationship between obesity and its comorbidities in order to develop and implement 

more effective policy responses. In this chapter, the presence of unobserved heterogeneity and 

its effects on the relationship between metabolic syndrome and vitamin D deficiency will be 

explored utilizing data for a sample with highly prevalent rates of vitamin D deficiency. Two 

different analyses will be conducted. In the first analysis, multivariate probit analyses will be 

used to detect and correct for the impact of unobserved heterogeneity in the relationship 

between vitamin D deficiency, hypertension, and type 2 diabetes.  In the second analysis, finite 

mixture models will be used to examine the relationship between vitamin D levels and 

metabolic syndrome using continuous values for hypertension, type 2 diabetes, and vitamin D 

levels again allowing for the possible existence of unobserved heterogeneity. 

2.1 Introduction 

2.1.1 Sources of vitamin D 

Vitamin D is a fat-soluble vitamin naturally synthesized in the skin after exposure to 

ultraviolet B of the sun rays (Bikle, 2014). It is also naturally existing in high amounts in cod 

liver oil, meat of some fish species, Shiitake mushrooms, and in minute amounts in egg yolk  

(Holick et al., 2011). Other sources are synthetic form of vitamin D compounds which present 

in supplements or fortified food. Two forms of vitamin D are commonly used, vitamin D2 

(ergocalciferol) which is commonly used for food fortification, and vitamin D3 

(cholecalciferol) (Bikle, 2014). 
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2.1.1.1 Sun exposure 

Although exposure to the sun is considered as a low cost option to maintain a healthy 

level of serum vitamin D, it is not the best option for many. For some access to sunshine is 

limited by climate and seasonal factors (Maxwell, 1994). Availability of sun rays is a common 

obstacle in European countries, especially Northern European countries though less so in many 

Asian and African countries. Studies found that geographical location can not only reduce limit 

exposure to sun but also have an impact on the synthesis of vitamin D even with clear sky in 

middle of the summer (Kimlin, 2008). The effect of sun rays depends on the angle at which 

sun rays are experienced; those living in higher latitude (more than 37 degree) require more 

exposure to the sun because of the shallow angle of sun rays. On the other hand, those living 

around the equator - where the sun is in a vertical position or in a steep angle – are required to 

have shorter time of sun exposure for their skin to synthesis vitamin D. Because of the 

important of the angle degree of the sun, the perfect time for maximum benefit of sun exposure 

is at noon. 

Another factor that may interfere with the effect of sun exposure is the skin colour. 

Lighter skin is able to synthesize vitamin D faster than darker skin. Melanin in darker skin acts 

as a sunscreen and helps prevent ultraviolet light penetrating the skin to stimulate the 

production of vitamin D (Liu et al., 2018). Type of skin has been further classified into six 

classes based on its tone, susceptibility to develop sun burn and tan. Class I is commonly found 

among Caucasians and characterized by being very fair skin tone, very sensitive to sun 

exposure in terms of easily developing sun burn and not being able to have tan. The sensitivity 

to sun light becomes less moving from class I to class XI. Individuals in class XI have black 

skin and are characterised by being the least sensitive to sun light and would not develop sun 

burn even with prolonged sun exposure. Armas et al. (2007) conducted a trial in which they 

investigated the effect of skin pigmentation on serum vitamin D levels after exposing 72 
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participants belonging to various skin types to beams of ultraviolet radiation three times a week 

for 4 weeks (Armas et al., 2007). Post interventional serum vitamin D was higher and the author 

found that 80% of the increase in the serum vitamin D was explained by the radiation dose and 

skin pigmentation. In another study, Webb & Engelsen (2006) examined the combined effect 

of geographical location, seasonal variation and skin type on the level of serum vitamin D. 

They found that skin type class I living in Boston, Massachusetts would need to expose 90% 

of their body surface to direct sun at midday for at least 16 minutes a day to have a serum 

vitamin D equivalent to consumption of 1,000 international units (IU) of vitamin D supplement. 

Residents of darker skin types were required to have longer duration of sun exposure to have 

similar results. For example, skin type X which is common among Middle Eastern population 

would need 49 minutes of continuous sun exposure. 

Webb & Engelsen suggestions for durations of sun exposure may be impractical and 

subject to norms and traditions among different populations. In Arab countries, it is a common 

practice that women cover majority of their body except face and hands (hijab) which add 

another factor to the impact of sun exposure and could explain differences in serum vitamin D 

between women who wear and those who do not wear hijab (Al-Horani et al., 2016; Dawodu 

et al., 1998; Glerup et al., 2000). Sunscreen were also suggested as a barrier to solar ultraviolet 

waves to initiate vitamin D synthesis (Gharaibeh & Stoecker, 2009). Holick (1995) have 

claimed that air pollution might partially block ultraviolet exposure  (Holick, 1995). Holick’s 

claims were confirmed by a cross-sectional study that examined the impact of living in highly 

polluted areas in Tehran on levels of serum vitamin D, in which, Feirzabad et al. (2017) have 

found that serum vitamin D levels were significantly higher among middle and high school 

students compared to their peers in polluted areas (Feizabad et al., 2017). 

Ignoring the abovementioned factors when examining the effect of sun exposure in 

observational studies may result in an underestimation of the magnitude of the effect of sun 
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exposure and/or mask the correlation between sun exposure and serum vitamin D (Kasahara et 

al., 2013). McCarty (2008) has criticized primitive questionnaire designs that were used in two 

studies for lacking of many factors that could interfere with sun exposure  which was significant 

predictor of serum vitamin D but does not reflect >85% of variations in serum vitamin D 

(McCarty, 2008). The impact of unobserved heterogeneity was more prominent when ElMogy 

et al. (2018) conducted a case-control study on 40 Egyptian patients to investigate the role of 

vitamin D deficiency on the onset of warts (El Mongy et al., 2018). ElMongy et al. assumed 

that the minimum required sun exposure duration for sufficient levels of vitamin D is 5-10 

minutes for three times a week for the study participants whose skin were either type III (65%) 

or IX (35%). Overestimating the impact of sun exposure resulted in insignificant correlation 

between sun exposure and serum vitamin D.   

2.1.1.2 Oily fish 

Another natural alternative source of vitamin D is the consumption of oily fish which 

is known for containing plenty of vitamin D (Małesa-Ciećwierz & Usydus, 2015). Several 

health institutions including the Norwegian National Council on Nutrition and Physical 

Activity (Lehmann & Meurer, 2010) and other Nordic3 countries have recommended 

introducing and promoting oily fish consumption as part of a healthy diet (Pedersen, 2008) for 

its nutritional value. The recommendations were supported by several observational studies 

which have found a negative correlation between fish consumption and incidence of type 2 

diabetes and cardiovascular disease. In a systematic review and meta-analysis of prospective 

cohort studies, Muley et al. (2014) found a significant reduction by 11% of the risk of 

developing type 2 diabetes (risk ratio 0.89; CI = 0.801, 0.987) after pooling the effects from 

four studies (Muley et al., 2014). In another systematic review and meta-analysis, consumption 

 
3 Nordic is a collaboration involving Denmark, Finland, Iceland, Norway, Sweden, and the Faroe Islands, 

Greenland, and Åland (“Nordic Nutrition Recommendations 2012 : Integrating nutrition and physical activity,” 

2014) 
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of fish were found to reduce the risk of coronary heart disease by 19% in prospective cohort 

studies (risk ratio 0.81; CI = 0.70-0.92) (Mente et al., 2009). 

Information on the benefits of fish consumption have been widely disseminated among 

the European population which were has been reflected on the increased demand and import 

of oily fish in European countries (Thurstan & Roberts, 2014). However, more recent literature 

has focused on the effect of fish consumption on serum vitamin D. In a randomized clinical 

trial, Bratlie et al. (2019) randomly assigned 63 Norwegians with BMI >=25 kg/m2 to either 

eat oily fish for eight weeks or avoid eating fish  (Bratlie et al., 2019). Half (n=22) of the 

intervention cohort were given 750 g wild caught cod fish weekly while a similar amount of 

farmed salmon were provided to the other half of the intervention cohort. The study found that 

serum vitamin D had decreased during the autumn among all the study participants. 

Furthermore, those with cod fish consumption were found to have almost no effect on serum 

vitamin D compared to the non-fish cohort. The authors concluded that even consumption of 

high amounts of oily fish might not be sufficient to substitute skin synthesis of vitamin D after 

sun light exposure.  

In the above Norwegian study, Bratlie accounted for different types of fish and the body 

weight of the participants. Different types of fish has different amounts of vitamin D. For 

example, canned salmon contains approximately  300–600 IU/3.5 oz vitamin D while canned 

tuna only have 236 IU/3.5 oz (Holick et al., 2011). The differences extended to the environment 

of the fish as the wild caught fish usually have higher amount of vitamin D compared to the 

farmed variety of the same fish type. For example, fresh wild caught salmon hold 

approximately 600–1,000 IU/3.5 oz vitamin D compared to 100–250 IU/3.5 oz in fresh farmed 

salmon (Holick et al., 2011). Even wild salmon fish caught in different water shows significant 

differences in the amount of vitamin D. Baltic sea salmon were found to have a significantly 

higher amounts of vitamin D compared to the North sea salmon (Jakobsen et al., 2019). Some 
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fish like cod fish have vitamin D concentrated in the liver. A teaspoon of cod-liver oil contains 

approximately 400–1,000 IU of vitamin D (Holick et al., 2011). Recently, researchers have 

shown a growing interest in another factor that might also influence the amount of vitamin D 

in the fish meat which is cooking method. A study examined retention of vitamin D in rainbow 

trout fish after being cooked by several methods (Ložnjak & Jakobsen, 2018). The study found 

that pan-fried trout have lost a significant amount of its vitamin D. 

Several factors that might change the amount of vitamin D in the oily fish. These factors 

include frequency of serving, fish type, and cooking methods. Underestimation of these factors 

could complicate inferences regarding relationships between diet and access to vitamin D.  

2.1.1.3 Other vitamin D rich food 

Based on vitamin D content, food can be categorized into two categories. The first 

category is natural vitamin D rich food with oily fish placed at the top of the list. Down the list 

as a poorer source of vitamin D appear foods like shiitake mushrooms and egg yolk. In the 

second category, foods that lack significant amount of vitamin D but may be fortified. Food 

fortification is simply defined as the process of adding nutrient to food (Orriss, 1998).  Vitamin 

D fortified food were first suggested in 1951 by the Committee on Foods and Nutrition of the 

National Research Council (Backstrand, 2002). Since then, food fortification with vitamin D 

has been widely accepted method to prevent rickets in children. 

To tackle low levels of vitamin D in children and adults, particularly during winter 

season, staple foods such as dairy products, margarine, juice, cereal, rice, and wheat flour were 

the target for vitamin D fortification. Nevertheless, populations at high risk of vitamin D 

deficiency are less likely to purchase these products. Calvo and Whiting (2013) in their review 

of literature have compared fortification process and consumption between USA and Canada. 

They have found that consumption of fortified food among all ethnic and age groups were 

below the daily requirement. However, White Americans were found to have consumed higher 
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amounts of vitamin D fortified foods compared to the African Americans. The authors have 

intimated to barriers toward access to vitamin D fortified food such as food preference, cultural, 

and cost (Calvo & Whiting, 2013). 

2.1.1.4 Vitamin D supplement 

Vitamin D supplements are another important source of vitamin D and available in 

different forms (oral, subcutaneous, intraperitoneal or intravenous) (Sweny, 1995), different 

formula like ergocalciferol (vitamin D2) or cholecalciferol (vitamin D3) (Romagnoli et al., 

2008), different dosage, and can be used alone, with calcium (Larsen et al., 2004), or with other 

vitamins (Black et al., 2016). These differences in vitamin D supplements along with other 

factors related to the consumer behaviour such as duration of usage and compliance could 

interfere with the effectiveness of the supplement. Thus, careful considerations of these factors 

are needed prior to interpretation of information on consumption of supplements on serum 

vitamin D. In their review, Pludowski et al (2018) have further emphasised the importance of 

other patient characteristics when treating vitamin D deficiency (Pludowski et al., 2018). 

Patients age, weight and ethnicity were among the other factors that treating physicians need 

to keep in mind when treating vitamin D deficiency (Pludowski et al., 2018). 

As mentioned earlier, having higher weight might cause vitamin D to be absorbed by 

the fat tissue and contribute to vitamin D deficiency. Similar issues arise when a patient is in 

need of treatment for vitamin D deficiency. In other words, patients complaining of obesity 

would require a higher vitamin D supplement dose. In his comprehensive literature review, 

Bouillon (2017) reported old and recent guidelines of vitamin D intake from 7 authorities and 

30 countries (Bouillon, 2017). The majority of the recommendations including the Institute of 

Medicine recommendation were in favour of 600 – 800 international unit (IU) per day. 

However, Bouillon expressed the need for a higher dose for those with severe obesity. His 

claim was supported by the US Endocrine Society guidelines which indicate doubling or even 
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tripling the dose of daily intake when treating patients complaining of obesity (Pramyothin & 

Holick, 2012).   

2.1.2 Risk of vitamin D deficiency  

Vitamin D deficiency has been associated with a range of conditions including 

osteopenia and osteoporosis (L. R. Chen et al., 2019); increased risk of fractures (Moo et al., 

2020); muscle weakness (Charoenngam et al., 2019) and (among expectant mothers) 

preeclampsia (Vivanti et al., 2020).  Given the high global prevalence of vitamin D deficiency 

(Hossein-Nezhad & Holick, 2013) and its impact on health, it is unsurprising that the 

identification of factors which elevate the risk of deficiency should attract the interest of 

researchers. Factors that have been associated with increased risk of deficiency include 

pregnancy (Hajizadeh et al., 2019), skin colour (Liu et al., 2018), abstinence from direct sun 

exposure (Holick, 2017), lower educational achievement, smoking, physical inactivity, poverty 

and infrequent consumption of milk (Liu et al., 2018). Differences in risk have also been related 

to particular genotypes (Brouwer-Brolsma et al., 2016). Because vitamin D is a fat-soluble 

vitamin, as noted, it is widely accepted that is a major reason for low level of serum vitamin D 

among those who are obese, as vitamin D is stored in fat tissue rather than being actively 

circulating in the blood stream (Wortsman et al., 2000).  

Avoidance of vitamin D sources was not the only reason for vitamin D deficiency. 

Understanding of the risk factors would help better developing of screening tools. The US 

Endocrine Society have recommended screening for those at risk of having vitamin D 

deficiency (Pramyothin & Holick, 2012). Some of these risk factors are medical conditions 

such as obesity, osteoporosis, or chronic kidney disease. Others were related to use of 

medications as some medications could have agonistic or antagonistic effects on the serum 

vitamin D. Understanding the characteristics of those at high risk of vitamin D deficiency have 

improved screening program in the UK. The NHS have recommended vitamin D testing for 
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only those who shows symptoms of vitamin D deficiency or those at high risk (Costing 

statement: Vitamin D: increasing supplement use among at-risk groups (PH56) Putting NICE 

guidance into practice, 2014). 

2.1.3 Extra skeletal role of vitamin D 

The prevalence of the closely related conditions of obesity and diabetes has increased 

globally in recent years (WHO, 2016). Together they place a significant burden on healthcare 

systems. For example, in the USA in 2010, obesity and diabetes consumed an estimated 20% 

of total healthcare expenditure, while in Saudi Arabia in the same year, diabetes alone 

consumed 21% of healthcare resources (Farag & Gaballa, 2011). Receptors of vitamin D have 

been found in pancreatic and endothelial cells suggesting a potential role of vitamin D on 

pathogenesis of metabolic syndrome (DeLuca, 2004; Merke et al., 1989). A large and growing 

body of literature has investigated the relationship between vitamin D and metabolic syndrome. 

Researchers suggests the existence of a physiological relationship between obesity, diabetes, 

levels of vitamin D and hypertension. Low levels of serum vitamin D have been associated 

with increased risk of type 2 diabetes (Lips et al., 2017) and with increased risk of hypertension 

(Vishnu & Ahuja, 2017). A negative association between levels of vitamin D and BMI has 

been found whilst conversely a positive association has been observed between risk of type 2 

diabetes and BMI (Afzal et al., 2014; Li & Zhou, 2015; Pourshahidi, 2015). 

The observational correlation extended to suggest that low vitamin D could accelerate 

the progression of complications in cardiometabolic diseases patients. Low levels of vitamin 

D found to be prevalent in patients complaining of diabetic foot, diabetic nephropathy, diabetic 

neuropathy compared to complication free patients (Derakhshanian et al., 2015; Smith & 

Hewlings, 2020; Zhang et al., 2019). Complications of hypertension is also prevalent in patient 

with low serum vitamin D. These include myocardial infarction and stroke (Poole et al., 2006; 

Scragg et al., 1990). 
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Several attempts have been made to evaluate cardiometabolic effects of increasing 

serum vitamin D. In a double blinded randomized controlled trial, patients diagnosed with 

prediabetes and vitamin D deficiency were randomized and followed up for six months to 

evaluate the effect of weekly high dose of vitamin D3 on insulin resistance measures 

(Niroomand et al., 2019). The intervention group showed a statistically significant and 

progressive improvement in terms of homeostatic model assessment of insulin resistance 

(HOMA-IR), fasting plasma insulin (FPI), and oral glucose tolerance test (OGTT). However, 

there were no changes in fasting plasma glucose (FPG), systolic blood pressure, nor diastolic 

blood pressure. In another randomized clinical trials, short term consumption of high dose of 

calcium plus vitamin D co-supplements reduced levels of FPG and FPI (Asbaghi et al., 2019). 

However, much uncertainty still exists in relation to the clinical effect of vitamin D on 

prevention and treatment of type 2 diabetes and hypertension. In a recent systematic review 

and meta-analysis of randomized controlled trials on the effect of vitamin D fortification on 

glucose haemostasis in patients with diabetes found that reduction of FPG is greater in short 

term consumption of fortified food compared to a longer term intervention (Emadzadeh et al., 

2020). The study also found a significant reduction in FPI and HOMA-IR but not in glycated 

haemoglobin (HbA1c). On the other hand, a systematic review of 20 pooled randomized 

controlled trials failed to find a significant effect of vitamin D on HbA1c nor FPG in patients 

complaining of diabetic nephropathy (Yangyang Wang et al., 2019). Moreover, the effect of 

vitamin D supplementation on glucose haemostasis could be influenced by body mass index 

(BMI). Jamka (2015) found that vitamin D is beneficial in lean individuals but have no effect 

on glucose haemostasis in patients with obesity (Jamka et al., 2015). 

Debate continues about the effect of vitamin D on prevention and treatment of 

hypertension. Eight randomized controlled trails had been systematically reviewed to evaluate 

the effect of providing calcium plus vitamin D on hypertension (Morvaridzadeh et al., 2020). 
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The author found a significant reduction in diastolic blood pressure but not in systolic blood 

pressure. Another systematic review found no beneficial effect of vitamin D or calcium plus 

vitamin D co-supplement on prevention of cardiovascular diseases (Safi Khan et al., 2019). 

Interestingly, it showed an increasing risk of having stoke by 17% in patient received calcium 

plus vitamin D co-supplement. 

 According to existing research, the interpretation of the nature, direction and meaning 

of these relationships is complex and equivocal. For example, different patterns of the 

relationship between vitamin D and hypertension have been observed across races and genders 

(Sakamoto et al., 2013; Vishnu & Ahuja, 2017); while the results obtained from randomised 

controlled trials suggest that any benefit to blood pressure associated with vitamin D 

sufficiency may relate to factors other than vitamin D per se (Veloudi et al., 2016). 

2.1.4 Optimum vitamin D level 

The concept of optimal levels of vitamin D is commonly used term to describe the range 

of serum vitamin D levels associated with healthy bone status (Varsavsky et al., 2017). The use 

of term optimum and sufficient have been commonly used interchangeably to refer to normal 

levels of vitamin D at which the levels of parathyroid hormone plateaued, the calcium 

absorption increased, and the fracture incidence reduced (Al-Daghri et al., 2017; Shin et al., 

2012). In contrast, vitamin D deficiency is the drop of serum vitamin D levels to a degree that 

can cause bone diseases such as rickets in children and osteomalacia in adults (Thacher & 

Clarke, 2011). Another term referring to the grey zone between levels of sufficiency and 

deficiency is called insufficiency. Insufficient levels of vitamin D is usually used to describe 

the slight reduction of vitamin D levels not enough to affect bone mineralization but that could 

increase the risk of extra skeletal diseases (Thacher & Clarke, 2011). Moreover, prolonged use 

of high dose of vitamin D supplement would likely raise levels of vitamin D to serious toxic 
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levels (Marcinowska-Suchowierska et al., 2018), vitamin D toxicity being another term used 

in the literature. 

However, defining cut-off values for vitamin D levels has been the subject of intense 

debate within the medical community (Al-Daghri et al., 2017). Several expert panels have 

different definitions and so different recommendations. The US Endocrine Society has defined 

vitamin D deficiency as serum vitamin D below 20 ng/ml and state of insufficiency if the 

vitamin D levels are between 20 to 30 ng/ml and suggested optimal range from 30 ng/ml to 

less than 100 ng/ml (Holick et al., 2011). The society’s recommendations has been followed 

by other advisories such as the International Osteoporosis Foundation, the US National 

Osteoporosis Foundation, and the American Geriatric Society (Al-Daghri et al., 2017). Another 

definition was recommended by the US Institute of Medicine which defines deficiency when 

the serum vitamin D dropped to less than 12 ng/ml and insufficiency from 12 to 20 ng/ml and 

has considered serum vitamin D of 20 to 50 as normal and more than 50 ng/ml as toxic level 

(Valle et al., 2011). The UK National Osteoporosis Society has agreed with the cut-off values 

suggested by the US Institute of Medicine (Francis et al., 2015). The World Health 

Organization as well as other advisories like the Nordic, the German Nutrition Society has  

defined vitamin D deficiency if the serum vitamin D is less than 10 ng/ml (Al-Daghri et al., 

2017). 

Studies examining the causes and consequences of vitamin D deficiency, however, have 

been bedevilled by the use of multiple thresholds to define deficiency (Cashman, 2020).  In 

part this relates to the understandable use of different thresholds where risks might vary; with 

respect to different health outcomes such as bone health as opposed to muscle weakness for 

example; or to different groups (expectant mothers as opposed to otherwise healthy adults, for 

example). Even when used with respect to the same group and outcomes, however, differences 

in the threshold used to define deficiency exist. For example, while some US studies (Cashman, 
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2020) use a threshold of 20 ng/ml to define deficiency and others (Liu et al., 2018) 10 ng/ml 

as the concentration of serum 25-hydroxyvitamin D (25(OH)D) for otherwise healthy adults, 

in the UK others have suggested 12 ng/ml (Aspray et al., 2014). In practical terms this leaves 

the researcher seeking to distinguish between groups in terms of risk exposure or to characterise 

membership of those groups in the invidious position of assessing the robustness of findings 

by testing multiple thresholds without a clear rationale for selecting one over the other.  

2.1.5 Aim 

In countries such as those in the Middle East where a literature points to the existence 

of high levels of vitamin D deficiency particular to specific groups (Palacios & Gonzalez, 

2014), it is possible that the analysis of relationships may afford insights into the role of specific 

characteristics and behaviours. For example, studies conducted in Arabic countries have 

reported the existence of differences in vitamin D levels between men and women (AlQuaiz et 

al., 2018; Kaddam et al., 2017), between women who wear and those who do not wear hijab 

(Al-Horani et al., 2016) and among men and women of different ages (AlQuaiz et al., 2018). 

Associations have also been noted in this context in respect of use of vitamin D supplements, 

milk consumption and measures of central obesity  (AlQuaiz et al., 2018). The existence of 

large numbers of people with low but heterogeneous levels of vitamin D related to observable 

characteristics may, thus, provide an opportunity to examine relationships between obesity, 

diabetes and vitamin D deficiency adjusting for these characteristics and behaviours as well as 

disease status for comorbid conditions such as hypertension. Whether these associations are 

direct – as between obesity and diabetes risk – or indirect - as between vitamin D and diabetes 

or hypertension – they may nevertheless offer potentially useful policy insights. 

The aim of the first study in this chapter is to examine the relationships between type 2 

diabetes, vitamin D deficiency, hypertension status and different measures of obesity 

controlling for a range of observable characteristics thought to affect these relationships using 
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data from the Saudi Health Information Survey (SHIS) (2013). In addition, the analytic 

approach seeks to leverage data related to the residuals in the fitted models in order to 

incorporate unobserved heterogeneity into the analysis.  

As the use of categorical dependent variables in the first study may not display the 

whole picture of the relationship between vitamin D and other obesity-related comorbidities, a 

second study were undertaken with aim to explore unobserved heterogeneity among 

subpopulations whose 25(OH)D level vary without recourse to an exogenously defined 

threshold. 

2.2 Methods 

2.2.1 Data 

Data were extracted from the Saudi Health Interview Survey (SHIS). The SHIS is a 

nationally representative randomly drown multistage survey of Saudi residents aged 15 years 

and older conducted in 2013  (El Bcheraoui, Basulaiman, et al., 2014; El Bcheraoui, Memish, 

et al., 2014; Memish et al., 2014). The sample had been selected from all the Saudi regions and 

the sample size for each region were estimated based on the regions’ population census. 

Potential survey candidates were contacted by phone to arrange visits and trained surveyors 

interviewed the participants and then referred participants to local clinics for blood test. Out of 

12,000 households target sample size, 10,735 (89.46%) households completed the survey.  

The survey collects data on a range of socio-demographic characteristics such as age, 

sex, educational attainment, marital status and income along with physical data on height, 

weight and blood samples from which measures including serum 25(OH)D levels and HbA1c 

levels can be determined. Self-reported dietary data are also collected allowing a reasonably 

comprehensive characterization of the individual to be constructed. Consumption of fish and 

eggs were extracted as potentially rich sources of vitamin D as well as sun exposure and vitamin 

D supplement consumption were reported in the survey. Other variables including current or 
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ever smoking status, (all self-reported) as well as measured BMI (used to define obesity status), 

waist circumference, HbA1c and blood pressure were also recorded. 

2.2.2 Description of variables 

The choice of variables was informed by the literature Liu et al. (2018), for example 

linking 25(OH)D level with current smoking status, milk consumption and obesity, AlQuaiz et 

al. (2018) linking low serum 25(OH)D  with failure to use supplements, younger age, low milk 

intake and central obesity, Al-Daghri (2018) linking 25(OH)D levels with sex,  Kimlin et al. 

(2009) linking it with sun exposure; Malandish et al. (2020) linking it with physical exercise; 

Scragg et al. (2004), with higher HbA1c and He and Scragg (2011) among others with systolic 

blood pressure (Al-Daghri, 2018; AlQuaiz et al., 2018; He & Scragg, 2011; Kimlin et al., 2014; 

Liu et al., 2018; Malandish et al., 2020; Scragg et al., 2004). Some of the variables were not 

included in the primary analysis because of the presence of collinearity, for example, dairy 

products other than milk along with milk. 

Data were extracted from SHIS on measured height and weight, serum vitamin D levels 

(concentration of serum 25(OH)D), self-reported hypertension and type 2 diabetes status as 

well as measured blood pressure and HbA1c percent in the blood. Other variables were 

extracted on a range of characteristics that included age, income, time spent in sedentary 

activities (hours spent sitting per day), consumption of dairy products, smoking status and 

exposure to sunlight. Precise details on the specification of each variable are contained in Table 

2.1 for categorical variables and Table 2.2 for qualitative variables. 

 

 

 

 

 

 



55 

 

Table 2.1. Description of categorical variables. 

Variable Description Coded 

Vitamin D deficiency  Describe status of the serum 

vitamin D against certain 

cut-off levels. 

A dichotomous dependent 

variable equal to 1 if serum 

vitamin D levels were below 

20 ng/ml and zero otherwise. 

History of type 2 diabetes Describes those who have 

been diagnosed by a treating 

physician to have type 2 

diabetes. 

A dichotomous dependent 

variable equal to 1 if the 

individual reported having 

type 2 diabetes and zero 

otherwise. 

History of hypertension Describes those who haves 

been diagnosed by a treating 

physician to have 

hypertension. 

A dichotomous dependent 

variable equal to 1 if the 

individual reported having 

hypertension, and zero 

otherwise. 

Sex  A dichotomous independent 

variable where male is given 

1 and female is given 0. 

General obesity  A dichotomous independent 

variable where 1 indicate 

BMI more than 30 kg/m2 and 

0 otherwise. 

Central obesity  A dichotomous independent 

variable equal to 1 if the 

individual’s measured waist 

circumference was equal to 

or greater than 88 centimetre 

for female or 102 for male, 

zero otherwise. 

High income Household monthly income. A dichotomous independent 

variable equal to 1 if the 

individual’s monthly 

household income was 

reported to be 15,000 Riyals4 

or above, zero otherwise. 

Ever smoker Whether or not the individual 

have ever smoked. 

A dichotomous independent 

variable where 1 indicate 

status of ever smoker and 0 

otherwise. 

   

 
4 15,000 Saudi Riyals equivalent to $ 4,000 USD 
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Table 2.1. (Continued) 

Variable Description Coded 

Current smoker Whether or not the individual 

currently smoke.  

A dichotomous independent 

variable where 1 indicate 

status of currently smoker 

and 0 otherwise. 

Milk consumption   A dichotomous independent 

variable equal to 1 if the 

individual consumed milk 

once or more per week, zero 

otherwise. 

Sun exposure  A dummy variable equal to 

one if the individual spent at 

least 25 minutes per day in 

direct sunlight and zero 

otherwise. 

Vigorous-intense sport Engage in regular 

performance of sport activity 

for at least 10 minutes 

duration. 

A dichotomous independent 

variable where 1 indicate 

regular performing of intense 

sport and 0 otherwise. 

Vitamin D supplement State of using vitamin D 

supplement. 

A dichotomous independent 

variable where 1 indicate 

using of supplement and 0 

otherwise. 
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Table 2.2. Description of quantitative variables 

Variable Description Coded 

Age  A continuous independent 

variable measured in years. 

Serum 25(OH)D Measured serum 25-

hydroxyvitamin D 

A continuous dependent / 

independent variable 

measured in ng/ml. 

Milk Frequency of milk 

consumption 

A counting independent 

variable of days of 

consumption of milk per 

week 

Laban Frequency of laban 

(fermented milk) 

consumption 

A counting independent 

variable of days of 

consumption of laban per 

week 

Yogurt Frequency of yogurt 

consumption 

A counting independent 

variable of days of 

consumption of yogurt per 

week 

Labneh Frequency of labneh 

(condensed yogurt) 

consumption 

A counting independent 

variable of days of 

consumption of labneh per 

week 

Cheese Frequency of cheese 

consumption 

A counting independent 

variable of days of 

consumption of cheese per 

week 

Fish Frequency of fish 

consumption 

A counting independent 

variable of days of 

consumption of fish per 

week 

Egg Frequency of egg 

consumption 

A counting independent 

variable of days of 

consumption of egg per week 

HbA1c %  A continuous independent 

variable of the percentage of 

haemoglobin A1c. 

Systolic blood pressure Average of the second and 

third measured systolic blood 

pressure 

A continuous independent 

variable measured in mmHg. 
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Table 2.2. (Continued)   

Variable Description Coded 

Waist circumference   A continuous independent 

variable measured in 

centimetres. 

BMI Body mass index A continuous independent 

variable of body mass index 

measured in kilogram per 

meter squared. 

Sitting hours  A continuous independent 

variable of hours spent 

sitting reported by the 

individual per day. 

 

 

2.2.3 Exclusion criteria 

SHIS participants for whom data was absent for the included variables were omitted 

from analyses. In the first analysis, type 1 diabetics were excluded as this was considered to be 

a distinct disease to type 2 diabetes with distinct relationships with obesity and other covariates 

in the analysis. Because of difficulties interpreting the model results, those who consumed 

vitamin D supplements were also excluded from the first analyses. Unlike hypertension and 

diabetes where medicines may be prescribed to those with the condition in a controlled manner, 

vitamin D supplements are available over the counter. Not only may their use be more 

ubiquitous, therefore, but the dose consumed is also more likely to be uniformed by medical 

advice and to exhibit significant variation unrelated to health. Rather than introduce this 

additional heterogeneity into the analysis this group were excluded to be examined in the 

second study. Consort flow diagrams can be seen in Figure 2.1 and Figure 2.2. 
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Figure 2.1. Consort flow diagram of the multivariate probit analysis. 

 

 

 

  

Figure 2.2. Consort flow diagram of the Finite Mixture Models analysis. 
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2.2.4 Multivariate probit models analysis 

2.2.4.1 Overview of bi-probit analysis 

To allow for the possibility of unobserved heterogeneity, related for example to how 

long a condition had been experienced, family history or unobserved behaviours, the models 

were estimated using a series of seemingly unrelated bivariate probit models (SURBVP) 

(Cappellari & Jenkins, 2003). In the SURBVP model, related outcomes are specified as 

functions of covariates that may or may not be identical. The functions are estimated 

simultaneously and any correlation in errors used to test for and take account of possible 

unobserved heterogeneity. Thus, in the presence of unobserved heterogeneity a distinct pattern 

in residuals across functions would be observed that is informative. For example, if vitamin D 

does improve the body’s sensitivity to insulin and thus reduce the risk of type 2 diabetes, were 

we to under-predict the likelihood of vitamin D deficiency due the exclusion of some 

unobserved attribute or behaviour (for example those who adopt preventive measures to protect 

health such as the use of sun screen) we might also over-predict the likelihood of type 2 diabetes 

due to exclusion of the same factor (use of preventive measures, related for example to diet). 

Thus, a negative correlation in errors would be observed. Uncorrected this would result 

effectively in unobserved heterogeneity in the production of estimated relationships. The 

SURBVP adjusts for this using the variance covariance matrix from the seemingly unrelated 

regressions. Using the mvprobit command in Stata 15, the model allows for estimation across 

three or more functions simultaneously (Cappellari & Jenkins, 2003). The probit model can be 

expressed mathematically as: 

P(Y=1|x)= Փ(β0+ xβ) 

where P(Y=1|x) is a number between 0 and 1, Y is a binary variable and Փ is the 

cumulative distribution function of the normal distribution. It is also written as: 

y* = β0 + xβ + ε , y = 1[y* > 0] 
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where ε is term with normal distribution. To examine correlation (rho) among more 

than two binary dependent variables (Multivariate probit model), the model equation can be 

expressed as: 

y1* =  x1β1 + ε1 , y1 = 1[y1* > 0] 

y2* =  x2β2 + ε2 , y2 = 1[y2* > 0] 

y3* =  x3β3 + ε3 , y3 = 1[y3* > 0] 

 

2.2.4.2 Descriptive analysis 

A descriptive analysis of the data was first undertaken in which continuous variables 

were described using mean and standard deviations and dichotomous variables as percentages. 

Differences in means between groups related to age and vitamin D levels were estimated and 

examined for significance. 

2.2.4.3 Model construction 

Three multivariable probit models were estimated one for each outcome as a function 

of specific covariates using probabilistic multivariable regression analyses. Hypertension status 

was specified as a function of age, obesity, central obesity, vitamin D level, income and 

whether the individual had ever smoked. Diabetes status was specified as a function of age, 

obesity, central obesity and income. The choice of covariates were informed by relationships 

reported in the literature in respect of age and obesity/distribution of body fat in the case of 

diabetes and hypertension  (Niskanen et al., 2004; Wild & Byrne, 2006). Both income and 

smoking status were taken as indicators of health-related behaviours – those who had ever 

smoked being assumed to being more likely to adopt behaviours consistent with attachment of 

a lower value to health in general – and those with higher income being more likely to adopt 

behaviours consistent with a higher value to health in general (Khaing et al., 2017; Pate et al., 
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2000). Vitamin D status was specified as a function of age, obesity, central obesity, milk 

consumption, exposure to sunlight and income. Milk consumption and sunlight were included 

given their physiological potential to affect observed levels of vitamin D. Income was included 

given its potential association with other health behaviours. Separate models were estimated 

for males and females to account for the existence of potentially distinct relationships between 

outcomes and covariates based on gender. The relationship between these variables is 

illustrated in Figure 2.3 using a directed acyclic graph (DAG) (Textor et al., 2016). The 

function statement can be simplified as: 

• Hypertension = f(age, gender, general obesity, central obesity, vitamin D, income 

and smoking status) 

• Diabetes = f(age, gender, general obesity, central obesity,  income and vitamin D) 

• Vitamin D deficiency = f(age, gender, general obesity, central obesity, income, milk 

consumption and exposure to sunlight) 
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Figure 2.3. A directed acyclic graph illustrating the relationship between variables. 
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The inclusion of vitamin D levels as a covariate and vitamin D deficiency as an outcome 

reflects the potentially endogenous nature of vitamin D in the model, that is, as something that 

is both determined by behaviours like milk consumption, as well as potentially determining 

outcomes like diabetes risk. Deficiency status as opposed to levels was used as an outcome to 

permit use of the multivariate approach which requires that the outcomes compared are 

dichotomous. 

In addition to differences across groups in means/proportions, the sign and significance 

of covariates in regression analyses, attention was given to the sign and significance of Rho – 

the correlation in errors across regression models. Where a significant Rho was recorded the 

importance of incorporating unobserved heterogeneity into the models was supported; where 

this was insignificant the use of unrelated models was supported.  

Models were partitioned based on gender to allow for the possibility of distinct 

relationships in men and women between outcomes and covariates.  

2.2.4.4 Sensitivity analysis 

A series of sensitivity analyses were undertaken as part of the analysis. First, covariates 

included in the models were varied, including the number of hours spent sitting and varying 

the levels of sunlight used to define adequate exposure to sunlight. The number of hours spent 

sitting was included in the models for diabetes and hypertension risk based on reported 

relationships between sedentary behaviours and risk of these conditions (Biswas et al., 2015).  

Second, the analyses were re-estimated in which individuals with a measured HbA1c 

above 6.5% and a measured blood pressure in excess of 140/90 mmHg were included in 

addition to those with self-reported diabetes status and hypertension status respectively to take 

account of potential undiagnosed disease. With respect to hypertension an average blood 

pressure in excess of 140/90 mmHg taken over three measures was used to define measured 
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hypertension. Individuals in this category who had not self-reported hypertension were added 

to the self-reporting group. 

Third, as use of prescribed medication may affect observed relationships, the model 

with undiagnosed participants added to the self-reporting group was extended to include use of 

medication as covariates. SHIS offer limited information on use of prescribed medicines. 

However, it was possible to include information on whether a person reported use of medicines 

for diabetes and cholesterol reduction. No information on use of medicines for hypertension 

were available in the data. This analysis was only possible for a sub-set of the data on whom 

medications were reported.  

Fourth, different cut-off points were used to define vitamin D deficiency to reflect 

uncertainty around how deficiency is defined. The base model was re-estimated where a cut-

off for deficiency of 12 ng/mL (Valle et al., 2011) and 10 ng/mL were used (Al-Daghri et al., 

2017). 

Fifth, the definition of sunlight exposure have been varied from 25 down to 10 and up 

to 30 minutes per day. In each instance I examined whether the results remained robust to 

variations in the approach used. 

Sixth, due to the fact that type 2 diabetes and hypertension commonly affect adults of 

age 45 years and older, further sensitivity analysis was conducted confined to this age group 

(See Appendix 1). 
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2.2.5 Finite mixture model analysis 

2.2.5.1 An overview of the Finite Mixture Model 

An alternative approach is to measure 25(OH)D status as a continuous variable when 

assessing risk. Conceptually “deficiency” then exists on a continuum rather than as a 

dichotomous variable at a defined threshold. While this may appear more realistic (if perhaps 

more difficult to interpret) here too though the issue is not straightforward. Thus, while groups 

with different levels of risk based on measures of 25(OH)D can be identified and characterised 

based on observable characteristics such as age or education, for example, these characteristics 

may, depending on the variable in question, provide only approximations of an underlying 

concept of interest rather than definitive markers. Using this information to target groups for 

public health messages then becomes more challenging. For example, chronological age may 

be strongly related to biological age and risks associated with vitamin D at particular levels 

among otherwise healthy adults. In this situation, it may be relatively easy to identify those 

whose age places them at risk with a degree of clarity and suggest remedial action such as use 

of supplements. With respect to diet, however, access to 25(OH)D may be only roughly 

approximated by questions on food consumption contained in surveys because of a lack of 

detail in survey data as well as issues of recall and reporting bias on the part of the respondent. 

Thus, while identifying groups with low 25(OH)D may be possible, relating this to dietary 

habits and thus advice in respect of these may be more difficult. More generally the role of 

unobserved heterogeneity – where we do not have an observable counterpart for a concept of 

interest - may give rise to estimation issues. With respect to vitamin D, for example, 

unobserved attributes such as the strength or frequency of supplement use, the skin surface area 

exposed to sunlight, the time of day and year when skin is exposed (and thus ultra violet light 

exposure) and genetic predisposition are not typically recorded in survey data on which 

empirical analyses are based (Monlezun et al., 2015; Teixeira et al., 2018). In this context, even 
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using continuous measures of 25(OH)D to better reflect the existence of risk on a continuum 

could result in misleading advice because of the crudeness of the observable characteristics 

used to interpret risk and characterise groups among whom risk might vary. 

In this situation finite mixture models (FMM) may offer an opportunity to explore 

unobserved heterogeneity among subpopulations. FMM is a probabilistic model for 

representing the presence of subpopulations within an overall population, without the 

requirement of observable characteristics to identify the sub-population to which an individual 

observation belongs (Deb et al., 2017). In this context, it provides a modelling strategy that 

allows us to distinguish between subgroups in terms of their level of 25(OH)D measured on a 

continuum, to characterise the probability of subgroup membership based on observable 

characteristics and seek to interpret the probability of subgroup membership using theory and 

ex post analyses. In principle, that is, it allows us to identify subpopulations among whom 

levels of 25(OH)D vary (and with them health risks) and to characterise membership of those 

groups based on probability of group membership. In this analysis the FMM approach is used 

together with data on 25(OH)D and a range of observable characteristics to distinguish between 

subgroups in terms of 25(OH)D levels and characterise factors associated with the probability 

of group membership. 

2.2.5.2 Analysis  

Descriptive statistics (mean and standard deviation for continuous variables, percentage 

for dichotomous variables) for the sample were estimated across variables. The relationship 

between covariates and recorded 25(OH)D was explored using ordinary least squares for 

comparative purposes. Subsequently, the analysis was repeated using a finite mixture model 

approach. In FMM an observed distribution is assumed to be comprised of a finite number of 

distinct unobserved distributions, one for each unobserved subgroup. The observed distribution 
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y, that is, is assumed to come from g distinct classes f1, f2, . . . , fg in proportions π1, π2, . . . , 

πg. 

The probability density function of a g-component mixture cab be written as: 

𝑓(𝑦)  = ∑ 𝜋𝑖𝑓𝑖(𝑦|𝑥′βi )

𝑔

𝑖=1

 

where πi is the probability for membership the ith class - the probability of class 

membership ranging from zero to one and summing to one across classes -; fi(·) is the 

conditional probability density function for the observed response in the ith class model, x the 

vector of variables on which membership is conditioned on and β denotes the parameters of 

the distribution (StataCorp, 2021). 

FMM uses the multinomial logistic distribution to estimate πi as 

𝜋𝑖 =  
exp ( 𝛾𝑖)

∑ exp ( 𝛾𝑗)
𝑔
𝑗=1

 

where γ is a linear prediction of the ith class (StataCorp, 2021). 

 

Here, the number of subgroups (latent classes) on which the model was estimated were 

increased iteratively starting with two subgroups. The Bayesian information criterion (BIC) 

from the analyses were used to inform model selection (Deb et al., 2017). The posterior 

probability of subgroup membership was estimated where a threshold of 0.5 was used to define 

membership – i.e. where an individual was considered more as opposed to less likely to be a 

member of a particular sub-group. Descriptive statistics for subgroups (mean or percentage in 

the case of continuous and dichotomous variables respectively) were estimated so as facilitate 

the characterization and comparison of subgroups. Sub-group membership was examined as a 

function of a range of variables to shed further light on the characteristics of sub-groups using 

logistic regression analysis.  



69 

 

All analyses and data manipulations were undertaken in Stata version 15 (StataCorp 

LLC College Station, TX). 
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2.1 Results 

2.1.1 Probit analysis result 

2.1.1.1 Descriptive analysis 

Out of 10,735 survey respondents 2,084 were included in the probit analysis. Compared 

to the excluded participants, the included participants were older (p value 0.0007), spent more 

time exposed to the sun (p value 0.0004), had higher rates of type 2 diabetes (p value <0.0001), 

and higher rates of hypertension (p value 0.0243). However, there were insignificant 

differences between the included and excluded participants in term of serum 25(OH)D (p value 

0.0668), proportion of vitamin D deficiency (p value 0.0710), general obesity (p value 0.0778), 

smoking (p value 0.9633) and milk consumption (p value 0.0508). 

In Table 2.3, descriptive statistics for the sample with respect to each outcome and 

covariate are presented. As can be seen, differences are evident between the genders. Among 

women, 39.5% of the female sample were obese, 9.5% were hypertensive, 7.6% were type 2 

diabetic and 31.5% were deficient in vitamin D. This compares with 31.6% of men being obese, 

12.4% hypertensive, approximately 12.5% diabetic and 13.7% being deficient in vitamin D at 

the 20 ng/mL concentration of serum 25(OH)D threshold. The differences in vitamin D levels 

are significant and differences in disease levels suggestive of distinct risk profiles indicating 

distinct risk profiles across genders. 
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Table 2.3. Descriptive statistics of the sample. 

 

 

  

 Female (n=957) Male (n=1,127)  Total (n=2,084)  

Variable Mean SD Mean SD MD Mean SD P-value 

Age (years) 37.76 15.13 40.45 17.37 -2.68 39.22 16.43 0.000 

Vitamin D 

level (ng/dL) 

30.85 19.17 37.20 19.01 -6.35 34.28 19.34 0.000 

 Frequency Percent Frequency Percent  Frequency Percent  

Diabetes type 2 73 7.63 141 12.51  214 10.27 0.000 

Hypertension 91 9.51 140 12.42  231 11.08 0.035 

Vitamin D 

deficiency  

301 31.45 154 13.66  455 21.83 0.000 

BMI-based 

obesity 

378 39.5 356 31.59  734 35.22 0.000 

Central obesity 495 51.72 361 32.03  856 41.07 0.000 

High income 94 9.82 164 14.55  258 12.38 0.001 

Ever smoker 10 1.04 343 30.43  353 16.94 0.000 

Milk 

consumption 

790 82.55 912 80.92  1,702 81.67 0.339 

Sun exposure 

for 25 mins 

90 9.4 331 29.37  421 20.20 0.000 
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2.1.1.2 Multivariate probit analysis result 

In Table 2.4 the results of the base case mvp probit analysis are presented. As can be 

seen, waist circumference is predictive of type 2 diabetes in females, while BMI-based obesity 

is predictive of hypertension. Among men, waist circumference is predictive of type 2 diabetes 

risk while waist circumference and BMI-based obesity are predictive of hypertension and 

vitamin D deficiency. Interestingly, milk consumption and sunlight exposure are not predictive 

of vitamin D deficiency in men but are strongly predictive of vitamin D deficiency in women. 

(While significant differences existed between men and women in respect of exposure to 

sunlight as reported in Table 2.3, there were no such differences in respect of milk 

consumption.) In both genders age is predictive of diabetes and hypertension status.  

 

Table 2.4. Result of multivariable probit model analysis. (n=957 female and 1,127 male) 

 Diabetes Hypertension Vitamin D 

deficiency 

 Female Male Female Male Female Male 

Age 0.098 

(0.009) 

0.147 

(0.000) 

0.188 

(0.000) 

0.090 

(0.001) 

-0.024 

(0.060) 

-0.015 

(0.260) 

Age^2 -0.001 

(0.080) 

-0.001 

(0.000) 

-0.001 

(0.000) 

-0.000 

(0.094) 

0.000 

(0.244) 

0.000 

(0.850) 

Obesity 0.085 

(0.564) 

0.217 

(0.095 

0.298 

(0.035) 

0.587 

(0.000) 

0.074 

(0.489) 

0.247 

(0.026) 

Central obesity 0.602 

(0.001) 

0.333 

(0.008) 

0.127 

(0.441) 

0.287 

(0.036) 

0.138 

(0.208) 

-0.234 

(0.048) 

High income 0.436 

(0.035) 

0.164 

(0.257) 

-0.349 

((0.158) 

0.069 

(0.668) 

-0.099 

(0.518) 

0.046 

(0.735) 

Vitamin D level 0.005 

(0.127) 

0.004 

(0.220) 

-0.001 

(0.725) 

0.003 

(0.314) 

- - 
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Table 2.4. (Continued) 

 Diabetes Hypertension Vitamin D 

deficiency 

 Female Male Female Male Female Male 

       

Ever smoker - - 0.546 

(0.283) 

-0.095 

(0.448) 

- - 

Milk 

consumption 

- - - - -0.353 

(0.001) 

-0.021 

(0.858) 

Sun exposure - - - - -0.452 

(0.008 

-0.006 

(0.953) 

Constant -5.257 

(0.000) 

-6.064 

(0.000) 

-7.144 

(0.000) 

-4.979 

(0.000) 

0.392 

(0.142) 

-0.573 

(0.041) 

Rho Diabetes 1.000 1.000 0.274 

(0.003) 

0.205 

(0.006) 

0.059 

(0.431) 

-0.016 

(0.847) 

Rho 

Hypertension 

0.274 

(0.003) 

0.205 

(0.006) 

1.000 1.000 0.057 

(0.481) 

0.011 

(0.877) 

Rho Vitamin D 

deficiency 

0.059 

(0.431) 

-0.016 

(0.847) 

0.057 

(0.481) 

0.011 

(0.877) 

1.000 1.000 

Note: p value is reported in parenthesis; bold values are statistically significant (p<0.05) 

 

Rho, which reflects the correlation in errors between models is significant and positive 

with respect to models estimated for diabetes and hypertension for both males and females. It 

is significant for neither gender in respect of vitamin D deficiency when examined jointly with 

either diabetes or hypertension. In Table 2.5 the results for a vitamin D deficiency model 

estimated independent of the models for diabetes and hypertension (based on findings with 

respect to Rho) are reported. As can be seen minimal differences are evident to the results 

reported in Table 2.4 with respect to vitamin D deficiency. 
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Table 2.5. Result of probit model analysis with vitamin D deficiency as an outcome (n= 

2,084) 

 Female Male 

Age -0.025 

(0.056) 

-0.015 

(0.277) 

Age^2 0.000 

(0.231) 

0.000 

(0.882) 

Obesity 0.076 

(0.473) 

0.249 

(0.024) 

Central obesity 0.133 

(0.223) 

-0.235 

(0.047) 

High income -0.099 

(0.519) 

0.046 

(0.734) 

Milk 

consumption 

-0.356 

(0.001) 

-0.021 

(0.851) 

Sun exposure -0.455 

(0.008) 

-0.005 

(0.973) 

Constant 0.403 

(0.131) 

-0.573 

(0.036) 

Note: * p value is reported in parenthesis; bold values are statistically significant (p<0.05) 

 

2.1.1.3 Sensitivity analysis 

In sensitivity analyses, reported in Table 2.6, the inclusion of additional covariates 

related to sedentary behavior (number of hours spent sitting) are shown. As can be seen this 

did not materially affect the relationships with respect to diabetes, where sedentary behavior 

was significant among women but not men, though high income was no longer significant in 

women as a predictor. With respect to hypertension, sedentary behavior was not significant in 
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either males or females, its inclusion reducing the significance of obesity in predicting 

hypertension status in women but leaving results otherwise largely unaffected. Errors remained 

positively correlated between the estimated functions for hypertension and type 2 diabetes for 

both men and women throughout.  

Table 2.6. The effect of adding sedentary behaviour to the multivariable probit model. 

(n=864 female and 1,068 male) 

 Diabetes Hypertension Vitamin D 

deficiency 

 Female Male Female Male Female Male 

Age 0.104 

(0.007) 

0.147 

(0.000) 

0.187 

(0.000) 

0.103 

(0.000) 

-0.024 

(0.080) 

-0.015 

(0.254) 

Age^2 -0.001 

(0.052) 

-0.001 

(0.000) 

-0.001 

(0.000) 

-0.001 

(0.032 

0.000 

(0.263) 

0.000 

(0.814) 

Obesity 0.106 

(0.492) 

0.197 

(0.145) 

0.286 

(0.060) 

0.526 

(0.000) 

0.109 

(0.329) 

0.245 

(0.031) 

Central 

obesity 

0.643 

(0.001) 

0.279 

(0.033) 

0.102 

(0.551) 

0.307 

(0.028) 

0.089 

(0.435) 

-0.246 

(0.042) 

High income 0.398 

(0.068) 

0.198 

(0.181) 

-0.462 

(0.084) 

0.041 

(0.805) 

-0.061 

(0.696) 

0.046 

(0.740) 

Vitamin D 

level 

0.003 

(0.340) 

0.005 

(0.073) 

-0.002 

(0.563) 

0.003 

(0.342) 

- - 

Ever smoker - - 0.783 

(0.170) 

-0.117 

(0.352) 

- - 

Milk 

consumption 

- - - - -0.368 

(0.001) 

-0.024 

(0.845) 

Sun exposure - - - - -0.416 

(0.016) 

0.008 

(0.940) 
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Table 2.6. (Continued). 

 Diabetes Hypertension Vitamin D 

deficiency  
Female Male Female Male Female Male 

Constant -5.639 

(0.000) 

-6.218 

(0.000) 

-7.154 

(0.000) 

-5.339 

(0.000) 

0.379 

(0.176) 

-0.554 

(0.051) 

Rho Diabetes 1.000 1.000 0.219 

(0.017) 

0.284 

(0.000) 

0.026 

(0.744) 

0.071 

(0.354) 

Rho 

Hypertension 

0.219 

(0.017) 

0.284 

(0.000) 

1.000 1.000 0.144 

(0.089) 

-0.028 

(0.700) 

Rho Vitamin 

D deficiency 

0.026 

(0.744) 

0.071 

(0.354) 

0.144 

(0.089) 

-0.028 

(0.700) 

1.000 1.000 

Note: p value is reported in the parenthesis; bold values are statistically significant (p<0.05) 
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In further sensitivity analyses reported in Table 2.7 and 2.8 the use of measured in 

addition to self-reported measures of diabetes and hypertension status and this model extended 

to include use of prescribed medicines are reported respectively.  

 

Table 2.7. Result of multivariable probit model analysis where diabetes defined as 

HbA1c>=6.5 and hypertension defined as systolic blood pressure >=140 mmHg or 

diastolic blood pressure >=90 mmHg or both. (n= 1,054 female and 1,191 male) 

 Diabetes Hypertension Vitamin D deficiency 

 Female Male Female Male Female Male 

Age 0.014 

(0.311) 

0.028 

(0.023) 

0.059 

(0.000) 

0.037 

(0.003) 

-0.016 

(0.200) 

-0.019 

(0.129) 

Age^2 0.000 

(0.761) 

-0.000 

(0.589) 

-0.000 

(0.081) 

-0.000 

(0.607) 

0.000 

(0.700) 

0.000 

(0.489) 

Obesity 0.177 

(0.095) 

0.299 

(0.004) 

0.183 

(0.113) 

0.358 

(0.000) 

0.031 

(0.763) 

0.293 

(0.009) 

Central obesity 0.060 

(0.584) 

0.022 

(0.839) 

-0.071 

(0.564) 

0.120 

(0.242) 

0.127 

(0.228) 

-0.289 

(0.015) 

High income 0.123 

(0.403) 

0.177 

(0.124) 

-0.214 

(0.228) 

-0.009 

(0.940) 

-0.039 

(0.786) 

0.042 

(0.749) 

Vitamin D level 0.001 

(0.588) 

0.003 

(0.245) 

0.003 

(0.233) 

-0.000 

(0.984) 

- - 

Ever smoker - - 0.227 

(0.568) 

0.086 

(0.346) 

- - 

Milk 

consumption 

- - - - -0.294 

(0.004) 

-0.048 

(0.677) 

Sun exposure - - - - -0.466 

(0.004) 

-0.001 

(0.994) 
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Table 2.7. (Continued) 

 Diabetes Hypertension Vitamin D deficiency 

 Female Male Female Male Female Male 

Constant -1.674 

(0.000) 

-2.098 

(0.000) 

-2.996 

(0.000) 

-2.313 

(0.000) 

0.206 

(0.422) 

-0.506 

(0.059) 

Rho Diabetes 1.000 1.000 0.034 

(0.573) 

0.053 

(0.305) 

-0.069 

(0.265) 

-0.035 

(0.609) 

Rho 

Hypertension 

0.034 

(0.573) 

0.053 

(0.305) 

1.000 1.000 0.082 

(0.204) 

0.030 

(0.660) 

Rho Vitamin D 

deficiency 

-0.069 

(0.265) 

-0.035 

(0.609) 

0.082 

(0.204) 

0.030 

(0.660) 

1.000 1.000 

Note: p value is reported in the parenthesis; bold values are statistically significant (p<0.05)  

 

Altering the definition of diabetes (Table 2.7) did not materially impact results with 

respect to men. Among women age and central obesity were no longer significant predictors 

of diabetes. With respect to hypertension, central obesity was no longer a significant 

determinant among men nor was obesity among women. Vitamin D deficiency results 

remained unaffected. When medication was added to the analysis (Table 2.8), as one would 

expect diabetic medicines are strongly predictive of diabetic status. With respect to other 

variables with the exception of high income in females which is no longer significant results 

remain materially the same. With respect to hypertension, with the exception of diabetic 

medication being predictive of hypertension status in women (but not men) results remains 

essentially the same as with Table 2.4. Again, vitamin D status results remain unaffected and 

Rho remains significant between hypertension and diabetes and insignificant with vitamin D. 
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Table 2.8. Result of multivariable probit analysis controlling for medications (n=2,084) 

 Diabetes Hypertension Vitamin D deficiency 

 Female Male Female Male Female Male 

Age 0.104 

(0.001) 

0.169 

(0.000) 

0.186 

(0.000) 

0.088 

(0.001) 

-0.025 

(0.058) 

-0.015 

(0.259) 

Age^2 -0.001 

(0.017) 

-0.001 

(0.000) 

-0.001 

(0.000) 

-0.000 

(0.096) 

0.000 

(0.239) 

0.000 

(0.850) 

Obesity 0.138 

(0.417) 

0.131 

(0.367) 

0.310 

(0.030) 

0.557 

(0.000) 

0.076 

(0.478) 

0.244 

(0.027) 

Central obesity 0.540 

(0.008) 

0.139 

(0.023) 

0.081 

(0.624) 

0.278 

(0.042) 

0.131 

(0.236) 

-0.231 

(0.049) 

High income 0.301 

(0.185) 

0.278 

(0.075) 

-0.390 

(0.127) 

0.080 

(0.619) 

-0.091 

(0.552) 

0.045 

(0.740) 

Vitamin D level 0.006 

(0.104) 

0.001 

(0.639) 

-0.002 

(0.670) 

0.003 

(0.379) 

- - 

Ever smoker - - 0.562 

(0.273) 

-0.098 

(0.432) 

- - 

Milk 

consumption 

- - - - -0.350 

(0.001) 

-0.025 

(0.835) 

Sun exposure - - - - -0.455 

(0.007) 

-0.007 

(0.945) 

Hypoglycemic 

agents 

2.467 

(0.000) 

2.414 

(0.000) 

0.556 

(0.037) 

0.335 

(0.055) 

-0.070 

(0.790) 

-0.029 

(0.894) 

Anti-lipidemic 

medications 

-0.164 

(0.814) 

-0.435 

(0.329) 

0.229 

(0.678) 

0.372 

(0.186) 

0.438 

(0.285) 

0.005 

(0.988) 
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Table 2.8. (Continued) 

 Diabetes Hypertension Vitamin D deficiency 

 Female Male Female Male Female Male 

Constant -5.540 

(0.000) 

-6.730 

(0.000) 

-7.066 

(0.000) 

-4.876 

(0.000) 

0.393 

(0.143) 

-0.569 

(0.043) 

Rho Diabetes 1.000 1.000 0.222 

(0.030) 

0.005 

(0.020) 

0.048 

(0.543) 

-0.050 

(0.545) 

Rho 

Hypertension 

0.222 

(0.030) 

0.005 

(0.020) 

1.000 1.000 0.049 

(0.552) 

0.005 

(0.940) 

Rho Vitamin D 

deficiency 

0.048 

(0.543) 

-0.050 

(0.545) 

0.049 

(0.552) 

0.005 

(0.940) 

1.000 1.000 

Note: p value is reported in the parenthesis; bold values are statistically significant (p<0.05) 

 

Variations in the specification of vitamin D deficiency levels are reported in Table 2.9 

and Table 2.10 and variations in exposure to sunlight reported in Table 2.11 and Table 2.12. 

Lowering or raising the vitamin D threshold had no material effect on relationships with respect 

to diabetes or hypertension though with respect to vitamin D status lowering the threshold did 

increase the impact of sun exposure while raising it reduced its impact. Similarly, among men 

the role of covariates related to obesity and milk consumption changed. Lowering or raising 

the threshold used to define sun exposure similarly had no material effect on relationships with 

respect to diabetes or hypertension. While raising the threshold had no material effect in respect 

of vitamin D, sun exposure became insignificant among women at the lower threshold but 

remained unchanged in men.  In each case Rho remained significant between hypertension and 

diabetes but insignificant with vitamin D status. 
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Table 2.9. Result of multivariable probit model analysis with vitamin D deficiency cut 

off level at 10 ng/mL (n=2,084) 

 Diabetes Hypertension Vitamin D deficiency 

 Female Male Female Male Female Male 

Age 0.099 

(0.009) 

0.147 

(0.000) 

0.189 

(0.000) 

0.090 

(0.001) 

-0.060 

(0.010) 

0.003 

(0.917) 

Age^2 -0.001 

(0.077) 

-0.001 

(0.000) 

-0.001 

(0.000) 

-0.000 

(0.096) 

0.001 

(0.022) 

-0.000 

(0.824) 

Obesity 0.083 

(0.572) 

0.221 

(0.090) 

0.303 

(0.033) 

0.587 

(0.000) 

0.333 

(0.133) 

0.294 

(0.123) 

Central obesity 0.597 

(0.001) 

0.333 

(0.008) 

0.111 

(0.501) 

0.287 

(0.036) 

0.069 

(0.750) 

-0.182 

(0.358) 

High income 0.431 

(0.037) 

0.164 

(0.256) 

-0.353 

(0.150) 

0.068 

(0.672) 

-0.057 

(0.868) 

0.137 

(0.592) 

Vitamin D level 0.004 

(0.207) 

0.004 

(0.117) 

-0.002 

(0.656) 

0.003 

(0.312) 

- - 

Ever smoker - - 0.571 

(0.267) 

-0.094 

(0.448) 

- - 

Milk 

consumption 

- - - - -0.570 

(0.001) 

3.656 

(0.000) 

Sun exposure - - - - -3.655 

(0.000) 

0.128 

(0.523) 

Constant -5.260 

(0.000) 

-6.098 

(0.000) 

-7.156 

(0.000) 

-4.973 

(0.000) 

-0.258 

(0.567) 

-5.831 

(0.000) 

Rho Diabetes 1.000 1.000 0.272 

(0.003) 

0.207 

(0.005) 

0.005 

(0.970) 

0.183 

(0.220) 
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Table 2.9. (Continued)  

 Diabetes Hypertension Vitamin D deficiency 

 Female Male Female Male Female Male 

Rho 

Hypertension 

0.272 

(0.003) 

0.207 

(0.005) 

1.000 1.000 0.206 

(0.278) 

0.018 

(0.873) 

Rho Vitamin D 

deficiency 

0.005 

(0.970) 

0.183 

(0.220) 

0.206 

(0.278) 

0.018 

(0.873) 

1.000 1.000 

Note: p value is reported in the parenthesis, figures in bold are significant at p<0.05 
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Table 2.10. Result of multivariable probit model analysis with vitamin D deficiency cut 

off level at 12 ng/mL (n=2,084) 

 Diabetes Hypertension Vitamin D deficiency 

 Female Male Female Male Female Male 

Age 0.100 

(0.009) 

0.147 

(0.000) 

0.189 

(0.000) 

0.092 

(0.000) 

-0.046 

(0.031) 

0.004 

(0.834) 

Age^2 -0.001 

(0.077) 

-0.001 

(0.000) 

-0.001 

(0.000) 

-0.000 

(0.080) 

0.000 

(0.130) 

-0.000 

(0.660) 

Obesity 0.082 

(0.577) 

0.220 

(0.091) 

0.298 

(0.035) 

0.591 

(0.000) 

0.052 

(0.763) 

0.253 

(0.105) 

Central obesity 0.597 

(0.001) 

0.334 

(0.008) 

0.123 

(0.456) 

0.285 

(0.037) 

0.279 

(0.106) 

-0.176 

(0.295) 

High income 0.431 

(0.037) 

0.163 

(0.258) 

-0.354 

(0.151) 

0.068 

(0.670) 

-0.043 

(0.870) 

0.016 

(0.944) 

Vitamin D level 0.004 

(0.222) 

0.004 

(0.139) 

-0.002 

(0.518) 

0.003 

(0.211) 

- - 

Ever smoker - - 0.558 

(0.276) 

-0.088 

(0.479) 

- - 

Milk 

consumption 

- - - - -0.485 

(0.001) 

0.174 

(0.410) 

Sun exposure - - - - -0.742 

(0.055) 

0.127 

(0.443) 

Constant -5.260 

(0.000) 

-6.099 

(0.000) 

-7.130 

(0.000) 

-5.043 

(0.000) 

-0.255 

(0.530) 

-2.154 

(0.000) 

Rho Diabetes 1.000 1.000 0.275 

(0.002) 

0.209 

(0.005) 

-0.015 

(0.896) 

0.088 

(0.498) 
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Table 2.10. (Continued) 

 Diabetes Hypertension Vitamin D deficiency 

 Female Male Female Male Female Male 

       

Rho 

Hypertension 

0.275 

(0.002) 

0.209 

(0.005) 

1.000 1.000 0.020 

(0.897) 

0.150 

(0.136) 

Rho Vitamin D 

deficiency 

-0.015 

(0.896) 

0.088 

(0.498) 

0.020 

(0.897) 

0.150 

(0.136) 

1.000 1.000 

Note: p value is reported in the parenthesis, figures in bold are significant at p<0.05   
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Table 2.11. Result of multivariable probit model analysis with sun exposure defined at 

10 minutes per day 

 Diabetes Hypertension Vitamin D deficiency 

 Female Male Female Male Female Male 

Age 0.098 

(0.009) 

0.147 

(0.000) 

0.188 

(0.000) 

0.090 

(0.001) 

-0.023 

(0.070) 

-0.014 

(0.284) 

Age^2 -0.001 

(0.079) 

-0.001 

(0.000) 

-0.001 

(0.000) 

-0.000 

(0.094) 

0.000 

(0.302) 

0.000 

(0.881) 

Obesity 0.085 

(0.563) 

0.217 

(0.095) 

0.299 

(0.035) 

0.587 

(0.000) 

0.086 

(0.423) 

0.254 

(0.022) 

Central obesity 0.602 

(0.001) 

0.333 

(0.008) 

0.127 

(0.441) 

0.287 

(0.036) 

0.143 

(0.193) 

-0.236 

(0.045) 

High income 0.436 

(0.035) 

0.164 

(0.257) 

-0.347 

(0.160) 

0.069 

(0.668) 

-0.147 

(0.330) 

0.040 

(0.771) 

Vitamin D level 0.005 

(0.133) 

0.004 

(0.215) 

-0.001 

(0.741) 

0.003 

(0.321) 

- - 

Ever smoker - - 0.544 

(0.285) 

-0.095 

(0.448) 

- - 

Milk 

consumption 

- - - - -0.352 

(0.001) 

-0.023 

(0.847) 

Sun exposure - - - - -0.095 

(0.375) 

0.086 

(0.365) 

Constant -5.261 

(0.000) 

-6.065 

(0.000) 

-7.150 

(0.000) 

-4.978 

(0.000) 

0.368 

(0.169) 

-0.634 

(0.025) 

Rho Diabetes 1.000 1.000 0.273 

(0.003) 

0.205 

(0.006) 

0.056 

(0.463) 

-0.012 

(0.881) 
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Table 2.11. (Continued) 

 Diabetes Hypertension Vitamin D deficiency 

 Female Male Female Male Female Male 

Rho 

Hypertension 

0.273 

(0.003) 

0.205 

(0.006) 

1.000 1.000 0.062 

(0.443) 

0.008 

(0.913) 

Rho Vitamin D 

deficiency 

0.056 

(0.463) 

-0.012 

(0.881) 

0.062 

(0.443) 

0.008 

(0.913) 

1.000 1.000 

Note:  p value is reported in the parenthesis, figures in bold are significant at p<0.05   
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Table 2.12. Result of multivariable probit model analysis with sun exposure defined at 

30 minutes per day 

 Diabetes Hypertension Vitamin D deficiency 

 Female Male Female Male Female Male 

Age 0.098 

(0.009) 

0.147 

(0.000) 

0.188 

(0.000) 

0.090 

(0.001) 

-0.024 

(0.065) 

-0.015 

(0.260) 

Age^2 -0.001 

(0.079) 

-0.001 

(0.000) 

-0.001 

(0.000) 

-0.000 

(0.094) 

0.000 

(0.275) 

0.000 

(0.851) 

Obesity 0.085 

(0.565) 

0.217 

(0.095) 

0.298 

(0.035) 

0.587 

(0.000) 

0.080 

(0.452) 

0.247 

(0.026) 

Central obesity 0.601 

(0.001) 

0.333 

(0.008) 

0.127 

(0.441) 

0.287 

(0.036) 

0.134 

(0.222) 

-0.234 

(0.047) 

High income 0.436 

(0.036) 

0.164 

(0.257) 

-0.348 

(0.159) 

0.069 

(0.668) 

-0.109 

(0.475) 

0.046 

(0.733) 

Vitamin D level 0.005 

(0.137) 

0.004 

(0.220) 

-0.001 

(0.737) 

0.003 

(0.315) 

- - 

Ever smoker - - 0.545 

(0.284) 

-0.095 

(0.448) 

- - 

Milk 

consumption 

- - - - -0.361 

(0.001) 

-0.021 

(0.859) 

Sun exposure - - - - -0.373 

(0.047) 

-0.016 

(0.885) 

Constant -5.259 

(0.000) 

-6.064 

(0.000) 

-7.147 

(0.000) 

-4.979 

(0.000) 

0.382 

(0.152) 

-0.571 

(0.041) 
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Table 2.12. (Continued) 

 Diabetes Hypertension Vitamin D deficiency 

 Female Male Female Male Female Male 

Rho Diabetes 1.000 1.000 0.273 

(0.003) 

0.205 

(0.006) 

0.053 

(0.479) 

-0.016 

(0.844) 

Rho 

Hypertension 

0.273 

(0.003) 

0.205 

(0.006) 

1.000 1.000 0.061 

(0.457) 

0.011 

(0.880) 

Rho Vitamin D 

deficiency 

0.053 

(0.479) 

-0.016 

(0.844) 

0.061 

(0.457) 

0.011 

(0.880) 

1.000 1.000 

Note: p value is reported in the parenthesis, figures in bold are significant at p<0.05   
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2.1.2 FMM result 

2.1.2.1 Descriptive analysis 

Approximately one quarter (2,641/10,735; 24.6%) of survey respondents were included 

in the FMM study which represents 61.6% of participants for whom serum 25(OH)D data were 

available. A comparison of included and excluded participants did not indicate any significant 

differences in terms of sex (p value 0.6647), serum 25(OH)D (p value 0.9395), duration of sun 

exposure (p value 0.3467), consumption of vitamin D supplement (p value 0.7860), laban 

consumption (p value 0.8409), oily fish consumption (p value 0.7174), egg consumption (p 

value 0.3075), and systolic blood pressure (p value 0.2293). Differences were observed with 

respect to BMI, waist circumference, HbA1C, blood pressure and consumption of other dairy 

products where the studied sample was higher in BMI (p value 0.0119), waist circumference 

(p value 0.0001), HbA1c (p value 0.0129), and milk consumption (p value 0.0004); and lower 

in terms of consumption of yogurt (p value 0.0001), labneh (p value 0.0001), and cheese (p 

value 0.0012). 

Table 2.13 presents descriptive statistics for the respondents included in the analyses. 

As can be seen, average serum 25(OH)D level is 34.49 ng/ml and ranges from 1.23 to 149.6 

ng/ml. Milk, laban, and cheese are the most popular dairy products consumed and only 3.71% 

of the sample consumed vitamin D supplements. 
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Table 2.13. Descriptive statistics of the sample (n=2,641). 

Variables Mean SD 

Age (years) 39.81 17.21 

Serum 25-hydroxyvitamin D (ng/ml) 34.49 19.61 

Daily sun exposure (in min) 17.30 36.24 

HbA1c (%) 5.97 1.39 

Average systolic blood pressure 

(mmHg)1 

121.04 17.55 

Waist circumference (in centimeter) 89.29 21.40 

Female waist circumference, cm 87.23 20.07 

Male waist circumference, cm 91.41 22.49 

BMI (Kg/m2)* 29.01 11.64 

Milk consumption (days per week) 3.97 2.68 

Laban consumption (days per week) 1 3.06 2.42 

Yogurt consumption (days per week) 1 2.04 2.16 

Labneh consumption (days per week) 1 0.87 1.56 

Cheese consumption (days per week) 1 3.59 2.40 

Fish consumption (days per week) 1 0.86 1.33 

Egg consumption (days per week) 1 2.65 2.02 

 Frequency % 

Male 1,302 49.30 

On vitamin D supplement 98 3.71 

Generalized obesity 985 37.30 

Perform intense sport  210 7.95 

Currently smoking 252 9.54 

1 missing values 
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2.1.2.2 Comparison of OLS versus FMM 

The ordinary least-squares (OLS) linear regression results – reported in Table 2.14 - 

show that 25(OH)D levels are positively related to age, sex (male), consumption of vitamin D 

supplements, milk and hemoglobin A1c (HbA1c).  By contrast waist circumference is seen to 

be negatively related to 25(OH)D levels. Other variables included in the analysis were not 

significantly related to 25(OH)D levels. 
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Table 2.14. Results of linear regression coefficient and FMM classes (n = 2,641). 

 

Variables OLS Class I Class II Class III 

Age 0.25 

(<0.001) 

0.07 

(0.001) 

0.20 

(0.016) 

0.52 

(<0.001) 

Male 5.24 

(<0.001) 

3.66 

(<0.001) 

8.91 

(<0.001) 

0.02 

(0.995) 

Vitamin D supplement 7.90 

(0.002) 

20.39 

(<0.001) 

-12.49 

(0.001) 

16.62 

(0.010) 

Daily sun exposure 0.006 

(0.512) 

-0.01 

(0.589) 

0.04 

(0.019) 

- 0.07 

(0.097) 

Milk consumption 0.37 

(0.006) 

0.34 

(0.001) 

0.49 

(0.012) 

0.01 

(0.984) 

Waist circumference - 0.07 

(0.006) 

- 0.01 

(0.607) 

- 0.07 

(0.009) 

- 0.16 

(0.017) 

BMI 0.01 

(0.846) 

-0.03 

(0.647) 

-0.04 

(0.184) 

0.45 

(<0.001) 

Current smoker -0.22 

(0.882) 

- 0.19 

(0.866) 

- 5.28 

(0.006) 

15.19 

(0.040) 

HbA1c 0.82 

(0.004) 

0.42 

(0.233) 

1.04 

(0.007) 

0.15 

(0.899) 

Intense sport 2.73 

(0.073) 

0.45 

(0.669) 

0.37 

(0.867) 

12.96 

(0.025) 

Constant 20.50 

(<0.001) 

15.18 

(<0.001) 

21.68 

(<0.001) 

35.41 

(<0.001) 

Notes: p value reported in parenthesis. Statistically significant values presented in bold. 
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Using the same group of independent variables, a three-class model was selected from 

the FMM analyses based on an examination the BIC statistic (See Table 2.15). The FMM 

approach – also reported in Table 2.14 – revealed distinct patterns of association between 

subgroups and covariates. Mean vitamin D levels varied across the subgroups, the mean 

concentration of serum 25(OH)D were 22.79, 34.88, and 57.45 ng/ml for class I, class II, and 

class III respectively. Distribution of the serum 25(OH)D among all sample and for each 

subgroup can be seen in Figure 2.4. The percentages of the sample in each subgroup were 

39.82, 41.03, and 19.15% for class I, class II, and class III, respectively. The relationship 

between covariates and 25(OH)D levels varied markedly from those suggested in the OLS 

model. For example, while age remained a significant and positive predictor of 25(OH)D 

levels, the magnitude of the coefficient in class III was double that of class II and almost six 

times that of class I. Similarly, stark differences were evident with respect to sex and milk 

consumption which were significant in class I and II albeit differing in magnitude but non-

significant in class III; by contrast in the OLS both were significant and positive. The 

coefficient on vitamin D supplements was positively significant and large in the case of class I 

and class III but negative in class II. Similarly, while sun exposure was significant and positive 

in class II, it had no effect in the other subgroups – again a subtlety concealed in the OLS 

analysis. BMI became positively significant in class III although waist circumference remains 

negative in class II and class III. HbA1c is positive and significant in class II but insignificant 

in the other classes. Performing intense sport is positive in class III. Status of currently smoking 

is negative in class II but became second largest positive in class III. 
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Table 2.15. Result of BIC of OLS and 2, 3, and 4 components (n=2,641). 

Model LL(model) df BIC 

OLS -11489.3 11 23065.26 

FMM2 -11021.34 25 22239.66 

FMM3 -10945.62 38 22190.64 

FMM4 -10902.17 51 22206.16 

LL(model) = model log-likelihood 

df= degree of freedom 

BIC = Bayesian Information Criterion = -2*LL(model) + In(n)*df 

 

 

 

Figure 2.4. Serum 25(OH)D distribution. 

 

In Table 2.16 descriptive statistics for the three subgroups where posterior probabilities 

are used to assign individuals to particular subgroups are presented. As can be seen, compared 

to other classes, class I were younger, less likely to consume supplements and laban, more 



95 

 

likely to consume cheese, had better control of HbA1c and blood pressure. Class II lay between 

the other two classes in terms of magnitude in most of the covariates except for sun exposure 

and consumption of laban. Class III were older, more likely to consume supplements, less likely 

to expose to sun, higher HbA1c and blood pressure. 

Table 2.16. Descriptive statistics of posterior probability for 3 components FMM. 

The results of the logistic regression looking at associations with probability of class  

Variables Class I Class II Class III 

Age (years) 38.58 40.20 44.99 

Male (%) 47.17 53.63 45.45 

Vitamin supplement (%) 3.12 3.88 6.36 

Sun exposure (minutes) 16.44 19.94 13.12 

 Milk (consumption days) 3.95 3.98 3.97 

Laban (consumption days) 2.96 3.23 3.02 

Yogurt (consumption days) 2.14 1.96 1.92 

Cheese (consumption days) 3.71 3.56 3.15 

Labneh (consumption days) 0.91 0.88 0.68 

Fish (consumption days) 0.84 0.92 0.79 

Eggs (consumption days) 2.71 2.57 2.63 

Current smoking (%) 10.27 8.58 11.82 

Waist circumference (in centimetre)  89.56 89.14 89.39 

BMI (Kg/m2) 28.99 29.07 29.20 

BMI obesity (%) 37.63 36.16 39.39 

HbA1c % 5.89 6.03 6.08 

Systolic blood pressure 120.13 121.22 124.89 

Intense sport (%) 8.13 7.76 7.58 
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Memberships are reported in Table 2.17 as beta coefficient (the odds ratio can be seen 

in Appendix 2). The probability of being in class I is a positively associated with yogurt 

consumption and negatively with being male, younger and laban consumption. Being a male, 

consuming more laban and fish, non-smoker, or longer duration of sun exposure was associated 

with a higher chance of belonging to class II. The chance of being in class III increased with 

age, being female, a smoker, taking vitamin D supplements, avoidance of sun or cheese 

consumption. 
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Table 2.17. Results of logistic regression coefficient of posterior probabilities for each 

FMM class (n = 2,578) 

 

 

Variables Class I 

(β) 

Class II 

(β) 

Class III 

(β) 

Age -0.01 

(0.026)  

0.00 

(0.962) 

0.02 

(<0.001) 

Male -0.22 

(0.015) 

0.35 

(<0.001) 

-0.29 

(0.036) 

Laban -0.04 

(0.025) 

0.05 

(0.003) 

-0.003 

(0.899) 

Yogurt 0.04 

(0.041) 

- 0.04 

(0.076) 

-0.02 

(0.478) 

Cheese 0.02 

(0.313) 

0.003 

(0.866) 

-0.07 

(0.019) 

Daily sun exposure -0.001 

(0.367) 

0.003 

(0.025) 

-0.004 

(0.042) 

Current smoker 0.25 

(0.082) 

-0.35 

(0.021) 

0.49 

(0.018) 

Fish consumption -0.06 

(0.066) 

0.07 

(0.032) 

-0.01 

(0.794) 

Vitamin D supplement  -0.39 

(0.085) 

0.16 

(0.478) 

0.64 

(0.014) 

Notes: p value reported in parenthesis and statistically significant values are presented in bold. 

The result is adjusted for consumption of milk, labneh and egg, BMI, waist circumference, 

HbA1c and intense sport. 
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2.2 Discussion 

2.2.1 Unobserved heterogeneity and the relationship between obesity and obesity-related 

comorbidities 

The pandemic of ‘diabesity’ presents a growing challenge for healthcare systems 

globally (Farag & Gaballa, 2011). Diabetes is related to cardiovascular disease and obesity is 

associated with a range of conditions including diabetes, cardiovascular disease and certain 

cancers (Guh et al., 2009). Some studies indicate that vitamin D, obesity, diabetes and 

cardiovascular disease comprise a ‘relationship set’ though the nature of the set of relationships 

remain unclear and are the subject of ongoing research (Veloudi et al., 2016). In the biprobit 

analysis, no evidence was found of a direct relationship between hypertension or type 2 

diabetes and levels of vitamin D in either men or women. Similarly, no evidence of unobserved 

heterogeneity between vitamin D levels and either type 2 diabetes or hypertension was found. 

These findings remained robust over a series of sensitivity analyses in which the range and 

specification of covariates were altered as were the measurement of outcomes. The findings 

suggest that while vitamin D deficiency is prevalent in the Saudi population aged 15 and over, 

there does not appear to be a significant association between diabetes or hypertension risk and 

vitamin D deficiency, nor is there evidence that might suggest the existence of an indirect 

relationship related to unobserved heterogeneity. This result supports the suggestion that 

vitamin D may not offer a useful target by which to reduce risks for hypertension or diabetes 

(Veloudi et al., 2016). That is, those epidemiological observations of a relationship between 

vitamin D deficiency, hypertension and diabetes are associative rather than causative (Pittas et 

al., 2019; H. J. Wallace et al., 2019). While vitamin D deficiency may because of its association 

with other conditions such as osteoporosis or osteopenia warrant appropriate interventions, it 

is unlikely these will confer any protective effect in respect of diabetes or hypertension. 
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In respect of obesity, whether in general or specifically central obesity (waist 

circumference) these were related to both hypertension and diabetes status in men and women 

(with the exception of hypertension in women when sedentary behaviour was included as a 

covariate where it only attained borderline significance.) The strength of the relationship varied 

between the two genders – appearing broadly stronger in men than women. The findings in 

respect of sedentary behaviour – significant and positively related to diabetes risk in women 

and borderline positively significant with respect to hypertension and diabetes in men are also 

notable. These findings underscore the importance of maintaining a healthy weight to reduce 

the risk of diabetes and hypertension with a reduction in sedentariness providing both a means 

of reducing weight and reducing risk independent of weight. The significant positive 

correlation in errors from these functions though is indicative of unobserved heterogeneity. It 

suggests that where we under-predict diabetes risk, we under-predict the risk of hypertension. 

This likely reflects the exclusion of relevant covariates related perhaps to unobserved 

behaviors, duration of the condition or vulnerability to risk exposure. This suggests further 

research into these relationships is warranted, perhaps using additional data to that which was 

available here. 

2.2.2 Sources of vitamin D and causes of deficiency 

In the probit analysis, significant relationships between vitamin D status, exposure to 

sunlight and consumption of milk were observed though only among women thereby 

suggesting dietary advice aimed at improving vitamin D may benefit this group - a finding 

echoed in previous work in Saudi Arabia by AlQuaiz et al, (2018). While a relationship 

between obesity and vitamin D status was found in men (but not women), it does not appear to 

offer additional information that might be of use in understanding or addressing diabesity in 

this context (AlQuaiz et al., 2018). The results in relation to vitamin deficiency are interesting 

in their own right and provide information that might be of use to public health planners and 
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policy makers. Among women, nutritional advice and advice to encourage greater exposure to 

sunlight would benefit those who are vitamin D deficient.  That age appears unrelated to 

vitamin D deficiency among women suggests the advice would benefit women of different 

ages. 

On the other hand, the FMM approach affords the exploration of the existence of 

subgroups within the overall population, without the requirement of observable characteristics 

to identify the subgroups to which an individual observation belongs. The opportunity to 

expose unobserved heterogeneity and explore different patterns of relationships with 

observable characteristics can afford insights that might otherwise be missed where, for 

example, coefficient estimates reflect averages across an entire population. Care is warranted 

in the interpretation of results, as is the case here, subgroups may occupy different parts of the 

distribution – in this case of 25(OH)D levels. Used carefully, the FMM method may 

nevertheless reveal relationships that might otherwise have been missed and provide valuable 

information to policy makers. With specific reference to the FMM study, two key findings are 

noteworthy. 

First, the study sheds light on the conflicting evidence regarding the role of specific 

variables in vitamin D levels. For example, while a substantive body of literature points to the 

existence of a relationship between sun exposure and 25(OH)D levels, the OLS regression and 

previous work using the same survey data failed to find evidence of this relationship (Tuffaha 

et al., 2015).  By contrast in studies of specific subgroups evidence for a relationship between 

sun exposure and 25(OH)D levels is mixed. Al-Daghri et al. (2016), for example, in a study of 

adults and children found an association between 25(OH)D levels and sun exposure among 

dark skinned boys but not in other groups (Al-Daghri et al., 2016). Similarly, while Al-Raddadi 

et al. (2018) in a study of Saudi adolescent females found no association between 25(OH)D 

levels and sun exposure (Al-Raddadi et al., 2018), Alzaheb and Al-Amer (2017) in a study of 
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young adult Saudi females found inadequate sun exposure to be strongly related to vitamin D 

deficiency (Alzaheb & Al-Amer, 2017). In the study, sun exposure was significant but only for 

class II, the group who had the highest mean levels of sun exposure and intermediate levels of 

25(OH)D. 

Similar findings are evident with respect to the role of vitamin D supplements. While 

the OLS results suggest use of supplements was a significant determinant across the entire 

sample, use being positively related to levels of 25(OH)D, the FMM results reveal that this 

relationship is magnified in class I and class III but negatively related to the serum 25(OH)D 

in class II. Elsewhere in the literature evidence is also mixed as to the role of supplements. 

While the OLS findings are supported by those of Tuffaha et al. (2015) using the same survey 

(Tuffaha et al., 2015), for example, and by AlQuaiz et al. (2018) who, in a study of adult Saudis, 

found that among  both males and females absence of supplement use was associated with low 

25(OH)D levels (AlQuaiz et al., 2018), Kaddam et al. (2017) found no relationship between 

use of vitamin supplements and vitamin D deficiency among younger Saudis (students) and a 

negative relationship among older Saudis (employees) (Kaddam et al., 2017). These results 

serve as examples of the potential for unobserved heterogeneity to result in potential confusion. 

In the OLS results, for example, partitioning the sample along age and gender may, by creating 

subgroups, have increased the possibility of detecting relationships among these groups though 

sample size may have created issues here but other subgroups may have gone undetected. Thus, 

inability to control for skin pigmentation (Al-Daghri, 2018), use of the veil (Dawodu et al., 

1998), air pollution (which might partially block UV exposure) (Holick, 1995) or use of sun 

screen (Gharaibeh & Stoecker, 2009) all of which remain unobserved could have served to 

mask relationships. This is, similarly, the case with respect to supplements where the strength 

and frequency of use remain unobserved.  
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This finding is of significance to the second key finding from the study. The potential 

for average effects estimated across pooled classes may misrepresent relationships for specific 

subgroups which carries with it the risk that misleading advice may be given to those seeking 

to determine an appropriate policy response. With respect to the role of supplements for 

example, the OLS results, supported by the findings of Tuffaha et al. (2015), AlQuaiz et al. 

(2018) and others could underpin advice to the public at large in Saudi Arabia to consume 

supplements (AlQuaiz et al., 2018; Tuffaha et al., 2015). By contrast, the results from the FMM 

analysis suggest that more nuanced advice with respect to the use of supplements, diet and sun 

exposure might be more appropriate. Supplements were important in explaining variations in 

25(OH)D levels but not among all classes. Among those with the lowest level of 25(OH)D, its 

effects were particularly marked indicating potential therapeutic benefits of supplements. 

Among those in class II, they may be effectively a waste of money. More broadly, the 

importance of contextualising the results of any study with individual specific information 

seems clear.   

2.2.3 Literature contextualising the FMM findings 

A strong relationship between obesity and low serum 25(OH)D has been well 

established in the literature (Wortsman et al., 2000). However, the study findings suggest a 

different relationship between serum 25(OH)D and types of obesity. The correlation between 

central obesity and 25(OH)D found in the study is supported by a recent meta-analysis by 

Hajhashemy et al. (2020) which demonstrated a negative relationship between central obesity 

and serum 25(OH)D despite the high level of heterogeneity among the included studies 

(Hajhashemy et al., 2020). Similarly, in another meta-analysis of observational studies, Rafiq 

and Jeppesen (2018) confirmed the negative effect of BMI on 25(OH)D level (Rafiq & 

Jeppesen, 2018). However, one of the included studies, Al-Elq et al. (2009), was a cross-

sectional study on 400 Saudi healthy adults which had found (among females) a positive 
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correlation between generalized obesity and serum 25(OH)D which is similar to the correlation 

found in class III (Al-Elq et al., 2009). The author failed to justify the unexpected correlation. 

Newly emerging literature provided us with possible explanations of the unexpected 

relationship between BMI and serum 25(OH)D seen in class III. Older adults are subject to 

spine deformity which resulted in losing between 3 to 5 centimetres  of their adulthood height, 

with more height loss occurring in women (Kuwabara et al., 2011). Thus, BMI could give a 

misleading impression of obesity measures (and benefits) among older women in particular. A 

visual illustration of height of included individual can be seen in Figure 2.5. Other explanations 

are of course also possible. Thus, BMI as a measure of adiposity lacks the ability to distinguish 

between the proportion of fat and the muscular tissue in the body especially in athletes, this 

potentially complicating the interpretation of results. 

 

 

Figure 2.5. Height by age group across gender. 
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As well as imprecision in the measurement of consumption, variation in the effect of 

dairy products on serum vitamin D could be explained by the genetic or ethnicity factors. For 

example, compared to fortified milk, unfortified milk contains very little vitamin D and an 

adult would be required to drink more than five litres of milk daily to gain the daily required 

vitamin D (Fox et al., 2015). The content of vitamin D in Saudi dairy products varies from very 

little to moderate levels (Sadat-Ali et al., 2013). The average milk consumption in the sample 

is 4 days per week and does not vary in subclasses which could be enough if the chosen milk 

products were optimally fortified especially with the increasing awareness of the beneficial 

implication of vitamin D among Saudi population (Aljefree et al., 2017). Similarly individuals 

may have genetic predisposition that affect their response to vitamin D supplements (Didriksen 

et al., 2013) or from other sources. 

Different definitions of vitamin D deficiency and insufficiency lead to different 

prevalence rates and management protocols and add confusion to the correlations between 

vitamin D deficiency and other diseases (Al-Daghri et al., 2017). The study underscores the 

complex nature of relationships between observable population characteristics and 25(OH)D 

levels that must be negotiated in the interpretation of reported findings and the framing of 

public health messages based on those findings. 

2.2.4 Smoking 

Smoking is a known risk factor for hypertension (Virdis et al., 2010) and vitamin D 

deficiency for its various mechanism that affect vitamin D synthesis and metabolism (Al-

Bashaireh et al., 2018; Mousavi et al., 2019). Perhaps surprisingly ever having smoked was not 

related to hypertension. This suggests the usefulness of ever having smoked as an indicator of 

current health behaviors and risks is perhaps weaker than one might expect. Given “ever” may 

include widely different patterns of behavior and the well established links between smoking 

and health, some caution is warranted in the interpretation of this result. What is more 
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surprising is that current smoking in class III was found to have positive correlation with serum 

vitamin D which warrants further investigation. The unexpected association between smoking 

and serum 25(OH)D could be explained by the former’s correlation with a variable excluded 

from the analysis and caution must be applied when interpreting this result. 

2.3 Limitations 

The analyses have a number of limitations. First, the data are cross-sectional in nature 

and in consequence caution continues to be advisable in drawing inferences with respect to 

possible causal relationships. Second, while the SHIS offers a rich data source on a large 

representative sample, in a number of areas the data are self-reported – for example in respect 

of exercise and diet – while other data – for example in respect of chronic disease, neither the 

time since onset of these nor their severity are known. Similarly, measurement error and the 

inability to characterize respondents as fully as one might like are in consequence inevitable 

for example with respect to medication use. Further research could usefully explore these issues 

as additional data become available. Whether the relationships observed here extend to those 

using supplements could usefully be explored in further research as could the stability of 

relationships over time, through the use of other waves of SHIS.  

2.4 Conclusion  

An examination of the literature reveals the complex nature of the relationships between 

diabetes, hypertension and obesity as well as the challenges in examining the relationship 

between risk of these conditions and a range of socio-demographic and behavioural 

characteristics using survey data. The probit analysis used here suggests a relationship between 

obesity and the distribution of body fat with the risk of diabetes and hypertension in men and 

women in Saudi Arabia. The nature of that relationship varies between men and women. The 

study indicates the existence of unobserved heterogeneity in the relationships between diabetes 
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and hypertension risk that warrants further investigation. That obesity and sedentary behaviour 

were both related to risk suggests exercise in maintenance of a healthy weight as potential 

targets for policy intervention. I found no relationship between vitamin D levels and risk of 

either diabetes or hypertension, though caution is warranted in respect of this conclusion given 

limitations in the analysis. I found no evidence of unobserved heterogeneity in risk related to 

vitamin D status when examined with diabetes and hypertension. While significant predictors 

of vitamin D status were identified and offer possible policy targets, there appears no support 

for the targeting of vitamin D levels per se in reducing the risk of either hypertension or diabetes 

in this context. 

The FMM had offered a methodological approach to highlight the existence of 

population sub-groups - membership of subgroups was discerned via the identification and 

analysis of unobserved characteristics. It reveals the existence of distinct relationships between 

25(OH)D levels and observable characteristics within these sub-groups which may shed light 

on apparently conflicting relationships previously reported in the literature and that underscores 

the careful framing of public health messages if public health is to be improved in a cost-

effective manner. 
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Chapter 3 Obesity and access to bariatric and post-bariatric 

surgeries 

The health status of individuals and societies can be influenced by many factors. These 

factors, also known as determinants of health, can be categorized into five main domains: 

genetic predisposing factors; healthy behaviours; environmental and physical influences; 

healthcare; and social determinants. All five elements come together to determine individual 

health status but it is important to bear in mind when examining the role of any one that the 

others also exert influence including in how that particular factors effects operate. With respect 

to healthcare for example, the social determinants of health can shape aspects of both of health 

status directly and indirectly through their influence of access to healthcare. 

In the previous chapter, we have seen how obesity can impact health outcomes and how 

heterogeneity exists, both observed and unobserved. Obesity is only one of many factors that 

might affect outcomes. A key factor though is access to healthcare, particularly treatments for 

obesity that can help address the issue and reverse conditions such as diabetes arising from it.  

However, access to these is not independent of social and other determinants of health. For 

example, socio-economic inequalities influence the ability to afford care and thus access to 

care within more market-based healthcare systems such as those in the US. Previous studies 

have examined the role, for example, of insurance coverage and ethnicity concerning access to 

bariatric surgery. However, gaps in the literature exist regarding, for example, disparities 

experienced by Native Americans. Similarly, there is a dearth of literature around the related 

subject of contouring surgery, even though that this may be required subsequent to bariatric 

surgery and could be seen as a complication arising from it with some legitimacy.  

In this chapter, the role of access to healthcare services will be explored with specific 

reference to obesity. The introduction section will give a brief overview of the healthcare 

system in the United States, the history of the racial disparities in the United States and then 
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highlight the aims and motivation of the chapter. In the second section, the role of factors such 

as ethnicity, socioeconomic status and insurance coverage directly and indirectly through their 

role in access to bariatric surgery will be examined using one of the largest datasets in the 

United States. A common unwanted outcome of rapid weight reduction after bariatric surgeries 

is sagging skin which may require contouring surgery. Thus, the third section will examine 

factors influencing the access to post-bariatric contouring surgeries in the United States. 

Finally, section four will conclude the results of the chapter. 

3.1 Introduction 

While the US may be at the forefront of many healthcare technologies not all US 

residents enjoy equal access to these. A major barrier to access in the US concerns the 

affordability of the often expensive medical services available.  More than 18% of the 

Americans adults considered financial barriers as the main cause of delay in receiving 

healthcare services (Kullgren et al., 2012). In this context, while bariatric surgeries appear to 

be a safe and cost-effective means of achieving weight loss (Picot et al., 2009), it remains the 

case that not all US citizens will receive equal access to it based on need. Uptake of bariatric 

surgeries in the United States increased from 2.7 per 100,000 procedures in 1990 to 54.2 per 

100,000 in 2008 among adults aged 18 and over (Nguyen et al., 2011) before plateauing 

through to 2012 at around 51 per 100,000 (Sohaib Khan et al., 2016). However,  its  cost - 

which range from $18,544 for laparoscopic adjustable gastric banding to $27,767 for 

laparoscopic Roux-En-Y gastric bypass - is beyond the affordability of many Americans 

(Alsumali et al., 2018) in terms of their ability to pay for this out of pocket. In a cross-sectional 

study that surveyed those who have been referred for bariatric surgery to examine barriers to 

access, it was found that fear of post-surgical complications were reported by (43.6%) of 

respondents followed by financial barrier by 21.3%  and insurance coverage or insurance denial 

(18.1%) as the top 3 reasons for not having bariatric surgery (Ju et al., 2019).  
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Health concerns as well as  self-image have been posited as the main motivators among 

bariatric surgery candidates and patients for seeking treatment who are expected to reach their 

lowest weight in the first year after bariatric surgery (Cohn et al., 2019; Makarawung et al., 

2020; Pearl et al., 2019; Salminen et al., 2018b). The rapid weight loss post-surgery, however, 

can lead to sagging skin in different parts of the body (Gilmartin et al., 2016). Patients 

commonly complain of sagging skin at the anterior abdomen and chest which can result in poor 

hygiene, recurrent infection, impaired: mobility; sexual relations; social interaction;  quality of 

life and; negative self-image (Al-Hadithy et al., 2013; Cai et al., 2020; Chandawarkar, 2006; 

Gilmartin et al., 2016). 

Contouring surgery may improve the post-bariatric patient’s self-image, quality of life 

and help address conditions associated with the sagging skin (Toma et al., 2018). It is also 

argued that it can play a role in maintaining body weight and prevent weight regain after 

bariatric surgery (de Vries et al., 2020; Vadodaria & Trivedi, 2019). The rate of contouring 

surgeries among those who lost significant weight in the US grew by 10% from 2015 to 2016 

(American Society of Plastic Surgeons, 2016).  In the US, more than two thirds  of the post-

bariatric population desire to have contouring surgeries but as with surgery itself, cost remains 

a key barrier (Monpellier et al., 2019). The American Society of Plastic Surgeons have 

recommended criteria for classification of contouring procedures into reconstructive and 

cosmetic procedures in order to encourage insurance expansion and enhance patients access to 

reconstructive procedures like panniculectomy and mastopexy (American Society of Plastic 

Surgeons, 2018, 2019). The availability of ambulatory surgical centres has also facilitated 

increased patient access to most elective surgeries by lowering cost including abdominoplasty 

which is principally (48.8%) performed in ambulatory surgical centers (Munnich & Parente, 

2014; Winocour et al., 2015). 
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Among the few studies in this area, one in New York State, US (a state which was 

considered to be flexible in terms of criteria for reimbursement) found that only 6% of post-

bariatric patients had undergone contouring surgeries (Altieri et al., 2017; Dreifuss & Rubin, 

2016).  Another recent study on a smaller sample found that 12.7% of bariatric population 

underwent contouring surgery in the US  (Derderian et al., 2020). Giladi et al. (2014) 

investigated Medicaid expansion which included panniculectomy on New York patient’s 

access to contouring surgery and found that an increasing number of Medicaid patients 

accessed panniculectomy but that the increase in utilization was not shared by uninsured 

patients (Giladi et al., 2014). The rising trend of uninsured bariatric patients presenting for 

contouring suggests a divergence between patients’ wants and insurance company criteria 

based on clinical need. Studies have highlighted a disconnect between the opinions of members 

of the American Society of Plastic Surgeons on the grounds for which access to contouring 

should be provided and the criteria used by insurance companies. (Dreifuss & Rubin, 2016). 

For example, conditions such as depression and anxiety, commonly found in the post-bariatric 

population may not provide a basis upon which insurance coverage is offered (Guest et al., 

2019; Orr et al., 2019). 

To better understand financial barriers to access healthcare services in the United States, 

a brief introduction about healthcare reimbursement system in the United States will be 

outlined followed by potential sociodemographic factors that may affect access to healthcare 

system such as gender, ethnic disparities and geographical location. 

3.1.1 Healthcare system in the United States 

3.1.1.1 Healthcare financing system 

Reimbursement of healthcare services is often done through a third-party payer with 

whom insurance is held. The third-party could be either public or private health insurance, and 

in some cases, individual could be covered by both or by none. In its simplest form, a premium 
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is paid to the third-party payer (e.g., health insurance provider) in order to have healthcare 

insurance coverage. The individual can then receive healthcare services wherein part or all the 

cost incurred is reimbursed via the third-part payer. In practice, financing healthcare services 

is more complicated due to issues such as moral hazard and adverse selection. In these 

circumstances, the state may act as third-party payers for certain types of person with respect 

to defined aspects of care. Public health insurance programmes in the US include Medicare and 

Medicaid, which are financed by the government; Medicare financed totally by the federal 

government and the Medicaid is financed jointly by the federal and state government 

(Rudowitz et al., 2019). Where insurance is a private arrangement, coverage can be purchased 

from private insurers through employers (employer-based insurance) or directly by the 

individual. 

3.1.1.2 Eligibility for public health insurance programmes 

Health insurance plans vary in different aspects other than financing source. Eligibility 

for the plan, services covered, and popularity vary. Medicare, for example, provides health 

insurance to people aged 65 years or older or those with particular conditions such as end stage 

renal disease. While Medicaid provides coverage to those with the low income though what is 

covered varies. Unlike Medicare, Medicaid provides a wider range of services including dental 

services, but the services covered vary between States. In other words, certain type of surgery 

might be covered in one state by Medicaid but not in another. This moreover can extend not 

just to what is covered but to other aspects of the conditions under which coverage is offered 

including the income threshold at which insurance is made available. In 2014, Medicaid 

expansion was implemented in 26 states under the Affordable Care Act, which raised the 

income threshold to %138 of the Federal Poverty Level. As a result of Medicaid expansion, 

the rate of uninsured adults reduced from 39 million to 31 million (Kenney et al., 2016). As 

was expected, the Medicaid expansion had increased the utilization of healthcare services such 
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as bariatric surgeries. The trend of uptake of bariatric surgeries in Medicaid expansion states 

and Medicaid non-expansion states were compared in a cohort study of 600,798 from 17 states 

(11 Medicaid expansion states) (Hanchate et al., 2021). The study found that Medicaid 

expansion was associated with increased access to bariatric surgery compared to Medicaid non-

expansion states. However, the increasing uptake of bariatric surgery was only significant 

among White Americans, but no significant change was found among African Americans nor 

Hispanic which suggest ethnic disparities in healthcare. 

Because of restrictions on coverage, public health insurance is less popular than private 

health insurance. In 2018, 91.5% of Americans were covered by one or more healthcare 

insurance programs; a majority of them (67.3%) have private insurance coverage and only 

34.4% are covered by public health insurance plan (US Census Bureau, 2019). However, 

private insurance might have extra criteria for eligibility for bariatric surgery (Gebran et al., 

2020).  

3.1.1.3 Cost-sharing 

Cost-sharing arrangements including co-pays and deductibles are usually incorporated 

into insurance plans to manage the risks associated with moral hazard issues.  A deductible is 

the initial amount of money that the patient has to pay before the insurance company start to 

contribute in the reimbursement process. For example, a patient may have to pay $500 for 

medical services before the insurance company starts to contribute toward healthcare expenses. 

Coinsurance is a percentage of cost that the patient have to pay. For example, the patient may 

face a coinsurance rate of 5% meaning the patient pays 5% of the cost of medications, for 

example. Co-payment is a fixed amount of money the patient have to pay in order to receive 

health services covered by the plan. For example, patient have to pay $100 in each Emergency 

Department visit regardless of the patient situation. Out-of-pocket maximum is the ceiling of 

cost paid by the patients and insurance would cover 100% of the cost afterword. Most insurance 
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is supplied under a complex system of deductibles, co-pays, coinsurance and exclusions. For 

example, an individual may purchase cover of $10,000 which has a deductible of $1,000 and 

coinsurance of 10% as well as out-of-pocket maximum of $15,000. In this case, if the 

individual becomes ill, the insurance would not interfere until the bill for medical services 

reached $1,000 and then insurance would pay only 90% of the cost. If the total bill reached 

$15,000 in the same fiscal year, the insurance would pay 100% of the medical cost incurred. 

Thus, the out-of-pocket contributions would add a financial barrier to access to healthcare 

services. In the case of bariatric surgeries, for example, type of insurance and amount of cost-

sharing is one of the factors that might be responsible for the underutilization of bariatric 

surgeries in the United States (Chhabra et al., 2021). 

Other complications include in-network and out-of-network access arrangements. 

Those terms describe the relationship between health insurance company and providers of 

health care. In-network providers, also known as participating providers, are those healthcare 

providers who have contract with the health insurance company which usually include essential 

agreement. The contract regulates the relationship between the health insurance provider and 

the healthcare providers. These include billing and payment process as well as covered health 

care services and criteria for coverage. The contract also outlined reimbursement amount for 

common healthcare services. Thus, in-network providers tend to have cheaper claims compared 

to the out-of-network providers. Furthermore, most of health insurance company would deny 

the usual reimbursement if the bill issued from out-of-network providers.  

The implementation of cost sharing tools and having contracts with in-network 

providers are important to avoid unnecessary health care services and control spiralling costs. 

Basically, health insurance exists to support individual to overcome burdens of unexpected 

costly healthcare services by spreading the cost across all the insured individuals. However, 

three common behaviours make the health insurance providers at major risk of increasing 



114 

 

premium cost or - at worst scenario - bankruptcy if they did not implement cost sharing and 

confined reimbursement to the participating providers. The first behaviour is related to the 

healthy individuals who appear to become unhealthy when they acquire health insurance 

coverage. Moral hazard refers to the over utilization of health services after gaining insurance 

coverage. The second behaviour is related to the sick people or those at high risk of having 

costly diseases. In these circumstances, health insurance company may set certain criteria to 

prevent “bad risk” individuals from dominating the insurance pool through what is referred to 

as adverse selection. For example, the health insurance company may request updated medical 

reports prior to accepting a new member to their plan to avoid being exposed to “bad risks” 

who will otherwise know more about their insurance risk than will the insurer. Another 

example of adverse selection could be excluding coverage of emerging medical conditions that 

affect the insured immediately after or during the early few days of purchasing the premium. 

The third behaviour is related to the health care providers and called supplier-induced demand. 

In the supplier-induced demand, the demand of health care services arose from the health 

providers to have more reimbursement claims for medical services a well-informed patient 

would not choose to consume but do because of the principal-agent relationship created through 

information asymmetry between the user and the doctor. 

3.1.2 Racial disparity in the United States 

Historically, the United States is one of the famous examples of heterogeneous 

population and commonly referred to by “a nation of immigrants.” Racial heterogeneity has 

become part of the American heritage (Lavalley & Johnson, 2020). The story began with 

immigration of Whites Europeans and building of colonies in the Native American lands. 

During that period, Native Americans were forced to relocate toward the West, and Africans 

were either working in inferior jobs or being slaves (Reid-Merritt, 2019). Later, several efforts 

were made to eliminate racial segregation and to promote racial justice including health equity. 



115 

 

A major step in the recent history of these efforts the Racial and Ethnic Health Disparities 

Initiatives in 1998 (Waidmann & Rajan, 2000).  While issues of health disparities had been 

examined extensively in the literature prior to this, the Initiatives gave added impetus to the 

study of health disparities between races. However, not all ethnic minorities received the same 

attention as some of the minorities for a variety of reasons including the small numbers of 

specific ethnic groups whose relative scarcity may complicate study or who may be “crowded 

out” of the discourse on disparity by focus on larger groups. For example, comparing African 

American with white American is easier by virtue of the size of these two groups and the 

likelihood of finding sufficient numbers for analysis in survey data for example. Equally there 

may be a larger market for research examining differences between these groups because of 

the numbers affected by the existence of disparities between them. For other groups, notably 

Native Americans who are considered to have the worst access to healthcare (Espey et al., 

2005) the cost of devoting research effort may be higher and benefits of research effort lower 

by comparison. . 

Native American adults are 50% more likely to be obese than non-Hispanic Whites, 

and they have higher age-adjusted odds for diabetes, heart disease and stroke of 2.4, 1.3 and 

1.8 than Whites, respectively (Obesity - The Office of Minority Health, n.d.). Despite these 

facts, no published study has examined the use of bariatric surgery by Native Americans 

relative to other ethnic groups. This may in part be explained by their relatively small size as a 

proportion of the population. While the percentage of Native Americans who are obese is 

similar to Blacks (Blackwell & Villarroel, 2018), Blacks constituted 13.4% of the population 

in 2018, Hispanics or Latino 18.3%, Asians 5.9% and Americans Indians and Alaska Natives 

just 1.3% of the population (Blackwell & Villarroel, 2018). Inevitably, the small number of 

Native Americans in surveys makes it more difficult to investigate comparative ethnic group 
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experiences. Nevertheless, the dearth of research with respect to this group gives rise to a clear 

gap in current understanding regarding their comparative experience. 

3.1.3 Aim and motivations 

Previous work has looked at variations in expenditure by type of bariatric procedure 

(Khorgami, Aminian, et al., 2017), in uptake between men and women (Nguyen et al., 2011), 

between different ages and insurance status categories (Zhao & Encinosa, 2006) as well as 

across distinct geographic areas with different levels of population need (Henkel et al., 2017; 

Johnson et al., 2016). This work has shown, inter alia, marked changes over time in the type of 

procedure that has been used in the USA (laparoscopic bariatric surgery increasing from 2.1% 

of procedures in 1998 to over 90% of procedures in 2008) (Nguyen et al., 2011); women were 

consistently more likely than men to have of bariatric surgery constituting around 80% from 

1998 to 2012 (Sohaib Khan et al., 2016; Nguyen et al., 2011); Whites were more likely to 

receive bariatric surgery than Blacks (Mainous et al., 2013); population need – in terms of 

prevalence of obesity at the state level - had little relationship with the uptake of bariatric 

surgery (Henkel et al., 2017; Johnson et al., 2016); there has been a reduction in complications 

associated with bariatric surgery over time (Kwon et al., 2013); and variations in bariatric 

surgery costs were related to comorbidity, complexity and length of hospital stay (Khorgami, 

Aminian, et al., 2017).  

There is a paucity of research examining the post-bariatric patient’s access to, and use 

of, contouring procedures. Among the few studies in this area, one in New York State, US (a 

state which was considered to be flexible in terms of criteria for reimbursement) found that 

only 6% of post-bariatric patients had undergone contouring surgeries (Altieri et al., 2017; 

Dreifuss & Rubin, 2016).  Another recent study on a smaller sample found that 12.7% of 

bariatric population underwent contouring surgery in the US  (Derderian et al., 2020). Giladi 

et al. (2014) investigated Medicaid expansion which included panniculectomy on New York 
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patient’s access to contouring surgery and found that an increasing number of Medicaid 

patients accessed panniculectomy but the trend in utilisation by uninsured patients was not 

affected (Giladi et al., 2014). The rising trend of uninsured bariatric patients presenting for 

contouring suggests a divergence between patients’ wants and insurance company criteria 

based on clinical need. Studies have highlighted a disconnect between the opinions of Members 

of the American Society of Plastic Surgeons on the grounds for which access to contouring 

should be provided and the criteria used by insurance companies. (Dreifuss & Rubin, 2016). 

For example, conditions such as depression and anxiety, commonly found in the post-bariatric 

population may not provide a basis upon which insurance coverage is offered (Guest et al., 

2019; Orr et al., 2019). 

In this chapter, the uptake of bariatric surgery between 2008 and 2016 among obese 

adults using the nationally representative inpatient data HCUP-NIS will be examined with 

particular emphasis to the comparative experience of Native Americans. Uptake between 

different ethnic groups controlling for a range of covariates including comorbidity, gender, age, 

location and insurance status and time using data pooled on over two million episodes of 

inpatient care will be compared. 

Additionally, factors that may contribute to differences in uptake of contouring 

surgeries among post-bariatric surgery patients in the United States such as type of contouring 

surgery, age, gender, insurance status will be investigated. 
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3.2 Access to bariatric surgery 

3.2.1 Method 

3.2.1.1 Data source 

Data over the period from 2008 to 2016 inclusive were obtained from the National 

(Nationwide) Inpatient Sample - Healthcare Cost and Utilization Project (HCUP-NIS), Agency 

for Healthcare Research and Quality (AHRQ). HCUP-NIS provides information on all patients, 

regardless of payer from a 20-percent stratified sample of all discharges from U.S. hospitals, 

excluding rehabilitation and long-term acute care hospitals (Agency for Healthcare Research 

and Quality, Rockville, 2016). 

3.2.1.2 Participants 

The International Classification of Diseases, 9th Revision and 10th Revision (ICD9 and 

ICD10) primary diagnostic and procedure codes were used to identify all admissions eligible 

for bariatric surgeries (Details on the coding system can be found in the Appendix 3). Eligibility 

criteria for bariatric surgery have been defined using the National Heart, Lung, and Blood 

Institute (NHLBI, 1998) guidelines which recommended that having BMI of 40 kg/m2 or 

higher or having BMI of 35 kg/m2 with at least one obesity-related comorbidities such as type 

2 diabetes or hypertension are reasonable criteria for bariatric surgery. In the main analyses 

these comprised episodes of care with a diagnosis of morbid obesity (ICD9 278.01, ICD10 

E66.01) with type II diabetes or hypertension (For details on ICD codes use, please see 

Appendix 4) (National Institute for Health Care Excellence, 2019). Although HCUP-NIS 

provides data on primary and a range of secondary diagnoses or procedures, primary diagnosis 

is the condition chiefly responsible for hospitalization and was used to identify the cohort used 

in this study. ICD9 codes were used for HCUP-NIS data before quarter 4 2015 and ICD10 
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codes were applied to data afterward. 9 years data were pooled from 2008 to 2016 to increase 

sample size and allow analyses across different sub-groups. 

From the eligible cohort of morbidly obese admissions with either type 2 diabetes or 

hypertension, bariatric surgeries were identified using ICD procedure codes. Bariatric surgeries 

comprised laparoscopic sleeve gastrectomy (ICD9 43.82, ICD10 0DB64Z3), laparoscopic 

gastric bypass (ICD9 44.38, ICD10 0D164ZA), open gastric bypass (ICD9 44.39, ICD10 

0D160ZA), laparoscopic adjustable gastric band (ICD9 44.95, ICD10 0DV64CZ), and open 

adjustable gastric band (ICD9 44.69, ICD10 0DV60CZ). Biliopancreatic diversion was not 

included due to the low number, and lack of specific procedure code. The analysis was confined 

to elective admissions to decrease the likelihood of including surgical corrections or other 

conditions. Elective admissions with a primary procedure of bariatric surgery identified by 

these ICD codes and a Diagnosis Related Group code of procedures for obesity with 

complications or comorbidities (619, 620, or 621) were defined as those in receipt of bariatric 

surgery.   

For the purpose of exploring the effect of ethnicity on hospitalization cost and length 

of stay, an additional variable was generated to control for comorbidities.  An age-adjusted 

Deyo-Charlson comorbidity index5 (ACCI) was generated based on age at admission and 

diagnostic/procedure codes of each admission to identify whether it included each of the 

following comorbidities: congestive heart failure, chronic pulmonary disease, cerebrovascular 

disease, diabetes mellitus with or without chronic complications, dementia, myocardial 

infarctions, rheumatic disease, peripheral vascular disease, mild, moderate or severe liver 

disease, peptic ulcer disease, renal disease, hemiplegia or paraplegia, and HIV/AIDS. The 

presence of each comorbid status was then weighted using the Devo-Charlson algorithm and 

 
5 Deyo-Charlson comorbidity index is an index developed by Charlson and her colleagues 

which weight comorbidities to predict risk of mortality (M. E. Charlson et al., 1987). 
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summed up to give a unique ACCI score (M. E. Charlson et al., 1987; Deyo et al., 1992). 

Higher ACCI score were commonly reported in the literature as an indicator for longer 

hospitalization (Y. Tian et al., 2017) and high hospital cost (M. Charlson et al., 2014). It been 

also used in predicting patients outcome as lower ACCI score were reported to associate with 

home discharge while patients with higher ACCI were more likely discharge to rehabilitation 

facility (Cipriano et al., 2009).  

Race/ethnicity were grouped into six categories: White, Black, Hispanic, Asian, Native 

American and Other races/ethnicities based on self-reported status. Sample characteristics were 

described by ethnicity using proportions for categorical variables, median and interquartile 

range (IQR) for skewed continuous variables, and mean and standard deviation (SD) for other 

continuous variables. 

3.2.1.3 Statistical analysis 

Among those who were eligible for bariatric surgeries because of having morbid 

obesity with hypertension or type 2 diabetes, logistic regression models were used to explore 

the use of bariatric surgeries over time. The logistic regression can be expressed 

mathematically as: 

log(𝑝) = log (
𝑝

1 − 𝑝
) =  𝛽0 + 𝛽1𝑥1 + ⋯ +  𝛽𝑘𝑥𝑘 

where 𝛽0 , 𝛽1, 𝛽𝑘 are the estimated coefficients and 𝑥1, …. , 𝑥𝑘 are independent 

variables.  Applying the above equation could calculate coefficients. However, exponentiating 

the coefficients would convert it into odds ratio. 

While focus was given to the ethnicity of inpatients in the models, a range of covariates 

that might have affected outcomes - including age, gender, insurance type, median household 

income for patient's ZIP Code, location, and clinical variables - were used to adjust models. 
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Selection of covariates was informed by the Behavioural Model of Health Services Use 6 (BM), 

developed by Andersen (Andersen, 1968). Variables were selected based on the hypothesis that 

they could predispose, enable or influence the need of the inpatient for surgery, consistent with 

the three components of BM models - predisposing, enabling and need factors. Predisposing 

factors included age and gender. The selection of the predisposing variables was supported by 

literature as females and middle-aged are the typical customers for bariatric surgery. In a 

retrospective cohort study examined the trend of bariatric surgeries in England, 76.5% of the 

total bariatric surgery over 5 years were done on females and 32.7% of the candidates were 

aged between 35 to 44 years (Sun et al., 2018). In another cross-sectional study from the United 

States, females represented 79.9% of the patients who underwent bariatric surgeries (Campos 

et al., 2020). The demographic characteristics of bariatric surgery candidates have also been 

examined in another cross-sectional study and found that majority of the Americans who 

underwent bariatric surgery were female (79%) and were 46 years old on average (Kizy et al., 

2017). Enabling factors such as insurance type, median household income for patient's ZIP 

Code, location - broadly in terms of rurality, and hospital characteristics including hospital’s 

bed size, ownership/control status and location and teaching status were included in the model. 

While insurance type and household mean income would reflect patient’s ability to access 

healthcare services, locations and characteristics of the hospitals would reflect the availability 

of necessary healthcare facilities within the community and the need for transportation 

(Babitsch et al., 2012).  In the United States, some of the third-party payers (including 

Medicare) would require in order to pay for the bariatric surgery that the procedure performed 

in one of the center of excellence which certificate need a high standard equipped facility, 

 
6 The Behavioural Model of Health Services Use is commonly used model to explain variance 

in health care utilization. It consist of three domains: predisposition factors (e.g. age, gender), 

enabling factors (e.g. income, insurance status), and need factors (e.g. health status) (Lederle 

et al., 2021). 
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experienced surgeons and a minimum number of bariatric surgery performed annually. Thus, 

it is not a surprise that there has been a shortage of centers of excellence in many states and 

patients will need to travel to other states if they want their procedure cost to be covered. Need 

factors usually the evaluated clinical need for the bariatric surgery, such as comorbidity score, 

type II diabetes and hypertension.  

In order to generate national estimates using HCUP-NIS data that span multiple years, 

all models were weighted by trend weight for data years prior to 2012 and by the discharge-

level weight for data years 2012 and later. This is consistent with the recommendations of the 

AHRQ (Producing National HCUP Estimates - Accessible Version. Healthcare Cost and 

Utilization Project (HCUP). December 2018. Agency for Healthcare Research and Quality, 

Rockville, MD., Dec. 2018, n.d.).  

HCUP-NIS classified the expected primary payer insurance status as Medicare, 

Medicaid, Private insurance, and others. Area level income provided a quartile classification 

of the estimated median household income of residents in the patient's ZIP Code, ranked from 

the lowest to highest income populations. Patient location was a six-category urban-rural 

classification scheme for U.S. counties developed by the National Center for Health Statistics 

(NCHS), that included "Central" counties of metro areas of >=1 million population, "Fringe" 

counties of metropolitan (metro) areas of >=1 million population, counties in metro areas of 

250,000-999,999 population, counties in metro areas of 50,000-249,999 population, 

Micropolitan counties, Not metropolitan or Micropolitan counties.  

The outcome of bariatric surgeries have been hypothesized in many literatures to be 

related to the facility where they had been performed (Dimick et al., 2013). The shorter length 

of stay and lower rate of mortality in high-volume hospitals is well established in the literature 

(Nguyen et al., 2004). Urban hospitals were associated with a shorter length of stay but high 

charges compared to rural hospitals (Carbonell et al., 2005). Thus, when the Centers for 
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Medicare and Medicaid Services expanded coverage of bariatric surgery to Medicare 

beneficiaries in 2006, reimbursement of bariatric surgery was restricted to those performed in 

centers of excellence (Scally et al., 2016). The restrictions were in the act until 2013, but 43% 

of private health insurance companies still require the procedure done in center of excellence 

(Gebran et al., 2020).  In order to control for hospital characteristics, the unique HCUP hospital 

number unique to the NIS was used to link the core data to the Hospital weights file. These 

variables comprised hospital bed size (small, medium, large), hospital's ownership/control 

category (government/private), and location (urban/rural) and teaching status of hospital (non-

teaching/teaching). 

Among admissions receiving bariatric surgery, a further exploration of the potential 

racial disparities in different hospital outcomes including length of stay in hospital and hospital 

incurred costs as well as discharge destination. Home discharge is a sign of good outcome in 

many medical conditions, particularly emergency or acute conditions. In elective procedures, 

the home discharge could be predicted if the patient is young and healthy. Nevertheless, 

bariatric surgery candidates might be transferred to another facility. Examining the discharge 

destination of post-bariatric patients in about 800 centers in the United States and Canada, 

Mocanu et al. (2021) have found that transferring post-bariatric patients to another facility is 

rare (1%) and those transferred were significantly older, having higher BMI and complaining 

of multiple comorbidities (Mocanu et al., 2021). Weighted multivariable logistic regression 

were used to explore the likelihood of being discharged to another healthcare facility (including 

long-term care facilities or care homes, short-term hospitals, home healthcare and other 

rehabilitation centres) compared to routine discharge (i.e. discharge to home, self-care, and 

court/law enforcement), excluding those who died in the hospital. Models were adjusted for 

socio-demographic variables (insurance type, ethnicity, gender, age at admission, median 

household income, location), and clinical variables (age-adjusted comorbidity score ACCI, 
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hospital teaching status, hospital location, hospital ownership, hospital bed size, and number 

of procedures performed), and bariatric surgery types (laparoscopic sleeve gastrectomy, 

laparoscopic gastric bypass, or others including gastric bands and open gastric bypass surgery). 

Year was added as a predictor to control for variability over time in all regression models. 

Similarly, based on the nature of count data and evidence of over-dispersion of length 

of stay in the data, weighted negative binomial regression models were fitted to examine factors 

associated with length of stay. Generalized linear models (GLM) were used to accommodate 

the continuous, positive and skewed nature of hospital cost data in the cost analysis. Akaike 

information criterion (AIC) and Bayesian information criterion (BIC) were used to assess the 

fit of the GLM model. The link function and distribution family were jointly chosen using AIC 

and BIC while running a series of GLM models. Marginal effect analyses were used to estimate 

the effect on hospital cost of a particular covariate. The ‘cost-to-charge’ ratio tool provided by 

AHRQ-HCUP was used to convert discharges to hospital costs (Agency for Healthcare 

Research and Quality, Rockville, 2016). Hospital costs were then adjusted for inflation using 

the personal consumption expenditure health component price index based on its ability to 

capture information on expenditures by all payers (Dunn et al., 2016; FRED Economic Data, 

2018). 

In sensitivity analyses, those with a BMI over 40 without hypertension or type 2 

diabetes were added to the cohort considered eligible for surgery. These results are reported in 

Appendix 5. 

3.2.2 Results 

Table 3.1 presents descriptive statistics of the pooled 9-year cohort used in subsequent 

analyses. This eligible cohort comprised a total of 1,729,245 inpatient episodes. The percentage 

of White, Native American, Black, Hispanic, Asian, and other ethnicities were 68.8%, 0.7%, 

19.3%, 8.4%, 0.7% and 2.1%, respectively.   
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Table 3.1. Descriptive statistics of the pooled sample 

  

White American 
(n=1,188,771) 

Native American 
(n=11,886) 

Black American 
(n=333,424) 

Hispanic 
American 
(n=145,963) 

Asian American 
(n=12,390) 

Other 
ethnicities 
(n=36,811) 

   N %   N %   N %   N %   N %   N %  

Female 714,362 60.1% 7,409 62.3% 244,335 73.3% 94,453 64.7% 7,110 57.4% 23,532 63.9% 

Age, mean (SD) 59.4 12.9 53.5 13.7 53.7 13.8 54.4 14.8 54.8 14.7 56.0 14.2 

 Insurance                         

Medicare 608,198 51.2% 4,769 40.1% 143,579 43.1% 56,995 39.1% 4,567 36.9% 14,816 40.3% 

Medicaid 132,511 11.2% 2,610 22.0% 76,305 22.9% 35,137 24.1% 2,721 22.0% 7,118 19.3% 

Private insurance 372,138 31.3% 2,985 25.1% 85,757 25.7% 39,321 26.9% 4,274 34.5% 11,744 31.9% 

Others 75,924 6.4% 1,522 12.8% 27,783 8.3% 14,510 9.9% 828 6.7% 3,133 8.5% 

 Location                         

Central counties 240,633 20.2% 2,174 18.3% 148,973 44.7% 73,549 50.4% 4,957 40.0% 16,722 45.4% 

Large metro 303,368 25.5% 1,362 11.5% 74,555 22.4% 21,997 15.1% 2,146 17.3% 8,315 22.6% 

Medium metro 248,259 20.9% 2,409 20.3% 53,431 16.0% 31,522 21.6% 3,474 28.0% 4,903 13.3% 

Small metro 136,467 11.5% 1,385 11.7% 24,920 7.5% 8,802 6.0% 581 4.7% 2,292 6.2% 

Micropolitan 157,299 13.2% 2,556 21.5% 19,169 5.8% 7,094 4.9% 1,043 8.4% 2,630 7.1% 

Not metropolitan or 
Micropolitan 102,745 8.6% 2,000 16.8% 12,376 3.7% 2,999 2.1% 189 1.5% 1,949 5.3% 

Income                          

First quartile 330,690 27.8% 5,978 50.3% 174,364 52.3% 60,923 41.7% 2,078 16.8% 12,102 32.9% 

Second quartile 347,352 29.2% 3,058 25.7% 73,591 22.1% 35,286 24.2% 2,487 20.1% 8,869 24.1% 

Third quartile 299,304 25.2% 2,007 16.9% 53,321 16.0% 32,657 22.4% 3,826 30.9% 9,159 24.9% 

Fourth quartile 211,425 17.8% 843 7.1% 32,148 9.6% 17,097 11.7% 3,999 32.3% 6,681 18.2% 

Type II Diabetes 768,780 64.7% 8,638 72.7% 212,438 63.7% 102,038 69.9% 8,798 71.0% 23,931 65.0% 

Hypertension 843,061 70.9% 7,846 66.0% 233,224 70.0% 97,971 67.1% 7,745 62.5% 26,467 71.9% 

 Hospital characteristics                         

Private hospital 1,074,291 90.4% 10,504 88.4% 293,190 87.9% 129,109 88.5% 11,071 89.4% 33,132 90.0% 

Hospital in urban area 1,043,329 87.8% 9,265 78.0% 314,278 94.3% 141,167 96.7% 11,545 93.2% 34,456 93.6% 

Teaching hospital 571,814 48.1% 5,549 46.7% 212,388 63.7% 79,586 54.5% 6,830 55.1% 20,005 54.4% 

 Hospital bed size                         

Small 188,445 15.9% 2,018 17.0% 45,458 13.6% 21,822 15.0% 2,221 17.9% 5,756 15.6% 

Medium 328,200 27.6% 3,078 25.9% 94,294 28.3% 40,610 27.8% 3,361 27.1% 9,714 26.4% 

Large 672,126 56.5% 6,790 57.1% 193,672 58.1% 83,531 57.2% 6,808 55.0% 21,341 58.0% 

ACCI, median (IQR) 3 (2-6) 3 (2-5) 3 (1-5) 3 (1-5) 3 (2-6) 3 (1-5) 

Number of procedures, 
median (IQR) 1 (0-3) 1 (0-3) 1 (0-2) 1 (0-2) 1 (0-3) 1 (0-3) 

Note: Income quartiles presented in this table are the estimated median household income of residents in the patient's ZIP Code. The quartiles are 
identified by values of 1 to 4, indicating the poorest (first quartile) to wealthiest populations (fourth quartile).  

 

As can be seen from the Table 3.1 compared to other ethnicities, a higher percentage of 

inpatients of Native American ethnicity had type II diabetes, lived in rural areas (not 

metropolitan micropolitan areas) and were treated in rural areas. Compared with Whites, 
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Native Americans were younger, less likely to have private insurance, more likely to live in 

poor areas (first i.e. lowest income quartile) and less likely to be treated in a teaching hospital. 

In Figure 3.1 the number of elective admissions for different types of procedure are shown over 

time. The Figure clearly shows the increasing popularity of laparoscopic sleeve gastrectomy 

(LSG) (for a variety of reasons including evidence of efficacy, safety and expansion of 

insurance coverage (Khorgami, Aminian, et al., 2017)) over other types of surgery, this one 

type contributing to much of the overall growth in bariatric surgery since late 2011. 

 

Figure 3.1. Total number of bariatric surgeries and number of different types of 

bariatric surgeries over time. 

 

In Figure 3.2 the breakdown of surgery by the ethnic group over time is presented, the 

resurgence in surgeries after 2011 and the increasing proportion of surgeries related to Blacks 

and Hispanics perhaps being the most notable aspects of the Figure. In Appendix 6, trends in 

specific types of procedure by ethnic group are shown. In brief, these show the increased use 
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of LSG after 2011 and the decline of other types of surgery among this group. Figure (a) in 

Appendix 6 shows that Native Americans were slightly slower in the uptake of LSG relative to 

other ethnic groups. 

 

Figure 3.2. Total number of bariatric surgeries by races/ethnicities overtime.  

 

In Table 3.2 the likelihood of bariatric surgery among eligible inpatients is reported in 

a series of models controlling for different combinations of covariates. In each model, the 

adjusted odds ratio of surgery is significantly lower among Native Americans than Whites. In 

Model 3 adjusted only for clinical variables, the adjusted odds ratio of surgery among Native 

Americans is lowest among that of any ethnic group.  In Table 3.3, adjusted odds ratios for a 

range of outcomes among those in receipt of surgery are reported by ethnic group. As can be 

seen, Native Americans in receipt of surgery had lower length of stay and lower costs and were 

less likely to be discharged to another healthcare facility. 

In Appendix 7, the full results of the logistic regression on uptake of surgery (Model 4) are 

reported.
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Table 3.2. The likelihood of receiving bariatric surgeries among eligible admissions across different races/ethnicities. 
 Model 1 Model 2 Model 3 Model 4 

OR 
95% CI OR 95% CI OR 95% CI OR 95% CI 

Lower Upper  Lower Upper  Lower Upper  Lower Upper 

White 

Americans 
Ref  Ref  Ref  Ref  

Native 

Americans 
0.671*** 0.618 0.728 0.648*** 0.595 0.707 0.585*** 0.537 0.637 0.722*** 0.661 0.79 

Black 

Americans 
0.818*** 0.805 0.831 0.690*** 0.677 0.702 0.601*** 0.59 0.611 0.711*** 0.699 0.725 

Asian 

Americans 
1.154*** 1.081 1.231 0.720*** 0.67 0.773 0.963 0.899 1.031 0.838*** 0.779 0.902 

Hispanic 

Americans 
1.199*** 1.175 1.223 1.061*** 1.038 1.085 0.871*** 0.853 0.889 1.077*** 1.053 1.102 

Other 

races/ 

ethnicities 

1.597*** 1.545 1.651 1.357*** 1.307 1.409 1.280*** 1.235 1.327 1.365*** 1.314 1.418 

Note: This table presents the results from four sets of logistic regression analysis combined with linear splines without weighting variable. 

Model 1: unadjusted model. Model 2: adjusted for demographic and socioeconomic variables Insurance type, gender, age at admission, median 

household income for patient's ZIP Code, location. Model 3: adjusted for clinical variables. Model 4: fully adjusted model for all demographic, 

socioeconomic and clinical variables. * p<0.05, ** p<0.01, *** p<0.001. CI – Confidence intervals. 

Full results are reported in Appendix 7. 
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Table 3.3. Other hospital outcomes among different ethnicities. 
 Discharge to healthcare facility  OR 

(95%CI) 

Length of stay 

Days (95%CI) 

Hospital costs 

2016 USD (95%CI) 

 Unadjusted 

models 

Adjusted  

models Φ 

Unadjusted 

models 

Adjusted  

models Φ 

Unadjusted 

models 

Adjusted  

models Φ 

White 

Americans 

Ref Ref Ref Ref Ref Ref 

Native 

Americans 

0.23* 

(0.1-0.56) 

0.26* 

(0.11-0.64) 

-0.28* 

(-0.36 to -0.2) 

-0.33* 

(-0.41 to -0.25) 

-595*  

(-1050 to -139) 

-775***  

(-1204 to -346) 

Black 

Americans 

1.49* 

(1.38-1.61) 

1.2* 

(1.1-1.3) 

0.12* 

(0.1 to 0.15) 

0.09* 

(0.06 to 0.12) 

-33  

(-143 to 77) 

378*  

(277 to 479) 

Asian 

Americans 

0.32* 

(0.18-0.58) 

0.5* 

(0.28-0.9) 

-0.02 

(-0.33 to 0.29) 

0.12 

(-0.23 to 0.48) 

1873*  

(995 to 2750) 

674  

(-65 to 1412) 

Hispanic 

Americans 

0.87* 

(0.78-0.98) 

0.74* 

(0.65-0.83) 

-0.06* 

(-0.09 to -0.03) 

-0.05* 

(-0.08 to -0.02) 

-441*  

(-571 to -311) 

-41  

(-162 to 80) 

Other 

ethnicities 

0.86 

(0.72-1.04) 

0.79* 

(0.65-0.96) 

0.02 

(-0.03 to 0.06) 

-0.02 

(-0.07 to 0.03) 

-174  

(-430 to 82) 

-11  

(-220 to 197) 

Notes: Φ Models were adjusted for bariatric surgery types (laparoscopic sleeve gastrectomy, laparoscopic gastric bypass, and others), 

insurance type, ethnicity, gender, age at admission, median household income, location, comorbidity score ACCI, hospital teaching status, 

hospital location, hospital ownership, hospital bed size, and number of procedures performed. * denotes results statistically significant at 

p𝑥20.05
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3.2.3 Discussion 

Bariatric surgery is a safe and cost-effective treatment of morbid obesity (Picot et al., 

2009). Its use in the USA has increased steadily since the extension of coverage by Medicare 

in 2011 as perioperative safety has improved and insurance coverage expanded (Sohaib Khan 

et al., 2016; Nguyen et al., 2011). Previous studies demonstrated distinct patterns of utilization. 

The Andersen model (of predisposing, enabling and need factors) may be used to aid the 

interpretation of these patterns. The higher uptake among females that was found in other 

studies (Johnson et al., 2016; Zhao & Encinosa, 2006) and echoed here, for example, may relate 

to gender differences in predisposing factors that are associated with reproduction (Milone et 

al., 2017) as weight reduction is suggested for infertile women with obesity (Musella et al., 

2012) or social norms around the perception of obesity that tend to be particularly acute for 

females (Friedman et al., 2005). Similarly, the differences in uptake between eligible Blacks 

and Whites that were observed in this study and that have been related previously partly to 

insurance status (Mainous et al., 2013) may be interpreted as an enabling factor whilst ACCI 

or the presence of specific conditions may be interpretable in terms of need. 

No previous study in this field has examined the comparative experience of Native 

Americans and potential explanatory factors in this. While Native Americans are a relatively 

small ethnic group in the USA, this dearth of research is surprising given that Native Americans 

have much higher levels of obesity and obesity-related morbidity than Whites. The present 

study has shown that, controlling for a range of need, enabling and predisposing factors, 

eligible Native Americans are approximately 30% less likely to receive bariatric surgery than 

their White counterparts; a disparity comparable to that of Blacks. In models that controlled 

solely for clinical factors the disparity experienced by Native Americans was even sharper 

(over 40% less likely) and greater than that experienced by Blacks. (In Appendix 5, sensitivity 

analyses that included patients with BMI>40 without comorbid hypertension or type 2 diabetes 
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in the eligibility criteria had no material effect on results).  Compared with other ethnicities the 

slower transition to laparoscopic sleeve surgery among Native Americans (now the dominant 

form of surgery performed) may provide further evidence of disadvantage in terms of equitable 

access.  The current analyses show that the length of stay among Native Americans and 

healthcare costs are significantly shorter and lower compared to Whites in the adjusted and 

unadjusted models; the average surgery related episode cost was $775 less among Native 

Americans compared to $378 more among Blacks compared to Whites in the adjusted model.  

These findings regarding lower hospital costs may be explained at least partly in terms of 

Native Americans having a shorter length of stay (approximately 1/3 of a day, Table 3.3) and 

being more likely to receive surgery outside urban centres (16.8% compared to 8.6%, Table 

3.1). Controlling for ACCI and insurance status suggests, for example, that this difference is 

unlikely to be related to need or insurance coverage. The fact that Native Americans (for a 

variety of reasons including historical discrimination) tend to be geographically concentrated 

and isolated (Towne et al., 2014) may explain lower uptake. Perhaps, Native Americans find it 

more difficult to access hospitals that provide bariatric surgery and they may have been 

disproportionality affected by the concentration of services in Centers of Excellence following 

the decision to provide national coverage via the Centers for Medicare and Medicaid in 2006. 

Why Native Americans exhibit shorter lengths of stay and a lower probability of being 

discharged to another healthcare facility might also relate to geographic isolation though this 

is purely speculative. The findings are though consistent with a broader experience of 

disadvantage among this group in terms of socio-economic status (Bureau, 2012), health 

(Disparities: Fact Sheets, n.d.) and access to healthcare (Bureau, 2012; Cobb et al., 2014; 

Sequist, 2017; Sequist et al., 2004, 2006, 2011). The fact that this is the first study to examine 

the experience of this group in relation to bariatric given their relative need lends further weight 

to the suggestion that they are an underserved group.  
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The trend of bariatric surgery presented in Figure 3.1 and 3.2 should be interpreted with 

caution as the ICD 9 code for laparoscopic sleeve gastrectomy was introduced in late 2011 

(Varela & Nguyen, 2015). Thus, the gradual decline in utilization of bariatric surgery before 

2011 could be explained partially by the patients shifting from bypass surgery to laparoscopic 

sleeve gastrectomy.  

Limitations 

There are a number of limitations to the study. First, linking inpatient episodes over 

time to specific individuals or explore issues such a readmissions or changes in BMI following 

bariatric surgery was not possible. Second, the analysis was constrained by the data included 

in the survey in terms of the ability to control for potentially useful covariates. For example, 

while controlling for diabetes status, it was not possible control for how successfully blood 

glucose is controlled or how long since diabetes was diagnosed. Similarly, while controlling 

for age and sex, no direct insight into the intentions of women regarding pregnancy. While 

using proxy indicators related to place of residence can be used for some covariates such as 

income – no such proxy exists with respect to indicators of need. Third, only those surgeries 

performed in an inpatient setting were observed and no claims in respect of non-admitted 

patients can be made. These, however, are limitations imposed by the survey and limit the 

scope of the investigation.  

Strengths 

These limitations must be balanced against the great strength of this study which is its 

sample size. Such a large sample size HCUP-NIS affords that allows us to explore the role of 

ethnicity for groups whose numbers would preclude analysis in other surveys. Because of this, 

it has been possible to demonstrate a previously unidentified disparity.         
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3.3 Access to post-bariatric contouring surgery 

As mentioned earlier, despite being an effective and durable option for weight 

reduction, bariatric surgery might result in unwanted consequences such as sagging skin that 

can give rise to clinical and quality of life issues. Contouring surgery provides a means by 

which these can be addressed - but like bariatric surgery - it may exhibit disparities. While 

bariatric surgery is generally performed in an inpatient environment, contouring surgery is 

more generally performed in an outpatient environment (Egrari, 2012). In addition, unlike 

bariatric surgery, insurance coverage for contouring is more restrictive because of the great 

scope for moral hazard in this area. Thus, as this is an elective procedure that can be undertaken 

for aesthetic as well as clinical reasons there exists a greater opportunity for the preferences of 

the individual and/or their clinician seeking to maximise income to demand the service rather 

than for risk associated with an actuarily fair premium could be calculated to govern demand. 

The most common contouring procedures are abdominoplasty (tummy tuck), mastopexy 

(breast lift) and thigh lift (Aldaqal et al., 2012). These vary in terms not just of the frequency 

with which they are performed but also in respect of the relative weight that may be attributed 

to clinical as opposed to aesthetic factors in defining need. This analysis aims to investigate 

factors that may contribute to differences in uptake of contouring surgeries among post-

bariatric surgery patients in the United States. 

3.3.1 Method 

Data source 

The study data were drawn from 2016 discharge data from the Nationwide Ambulatory 

Surgery Sample (NASS), Healthcare Cost and Utilization Project (HCUP), Agency for 

Healthcare Research and Quality. The HCUP NASS data is the largest ambulatory care dataset 

in the US and  includes 7,608,879 observations from 63% of hospital-owned ambulatory 

surgical facilities in the US (Karaca & McDermott, 2019). The dataset of 2016 discharges is 
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the first nationwide ambulatory data released by the HCUP. Data of 2017 discharges have been 

recently made publicly available but was unavailable during the time of performing this 

analysis. The data included the age and gender as well as median household income for the ZIP 

code of the patient whose episode was captured in the data. Also included were details of the 

expected payer, total charge, the Current Procedural Terminology (CPT) codes for procedures 

performed, tenth revision of the International Classification of Diseases (ICD 10) codes for 

patient’s diagnoses, and facility characteristics including bed size capacity, hospital location 

and teaching status at which services were provided.  

Sample  

Assuming that patients who have had bariatric surgery would present for contouring 

surgery, data for episodes of care where bariatric surgery (ICD 10 code is Z9884) appeared on 

the list of comorbidities were included in the study. Episodes that related to a person less than 

18 years old or having a missing value among included variables were excluded. To avoid 

potential disclosure issues episodes where the expected payer was reported as “no charge” were 

also excluded (15 episodes). CPT codes for post-bariatric contouring procedures were adopted 

from the American Society of Plastic Surgeons guidelines for recording contouring procedures 

(American Society of Plastic Surgeons, 2017). A full list of CPT codes of post-bariatric 

contouring procedures used in the study can be seen in Appendix 8). Forearm and submental 

skin excision were merged with excision of excessive skin in other areas in order to adhere to 

the HCUP guidelines for reporting observations of equal or less than 10 observations per cell 

(Requirements for Publishing with HCUP Data, n.d.). For the purpose of exploring common 

medical history that bariatric population present with, a list of the common ICD 10 was 

generated for each of the popular contouring procedures (American Society of Plastic 

Surgeons, 2017). A full list of the ICD 10 codes used can be seen in Appendix 9. 
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Statistical analysis 

Statistical analysis of the weighted and unweighted sample was presented as frequency 

and percentages for categorical variables as well as mean and standard deviation for continuous 

variables. Total charges were reported as medians and interquartile ranges because of the 

skewness (See Appendix 10). The results of the weighted sample analyses are those presented. 

All results were weighted according to the recommendations by the HCUP (Houchens & 

Elixhauser, 2015). Frequencies of the weighted variables were rounded. Logistic regression 

was used to estimate the odds ratios and 95% confidence intervals for covariates in regressions 

related to panniculectomy, abdominoplasty and mastopexy. In order to examine variance in 

possession of insurance and common medical necessity as aspects of enabling and need factors, 

respectively, analyses also compared uptake based on insurance status using chi square tests. 

Statistical significance was defined at p value < .05. All analyses were undertaken in Stata 

version 15 (StataCorp LLC College Station, TX). 

3.3.2 Result 

A total of 66,368 episodes of post-bariatric patients were extracted. The majority of the 

sample was female (82.40%), and the mean age was approximately 51 years old. More than 

half of the bariatric sample held private insurance (37,561; 56.60%) and a minority were self-

payers (2,359; 2.89%). The contouring procedure was performed on approximately one tenth 

of the post-bariatric sample (9.37%). Panniculectomy (3.68%) and abdominoplasty (3.51%) 

were the most common contouring procedures among the bariatric population followed by 

mastopexy (1.16%). Detailed descriptive statistics of the sample are presented in Table 3.4. 

Median total charges of mastopexy, panniculectomy, and abdominoplasty were 27,130, 25,178, 

and 24,656 US dollar, respectively (See Appendix 10). 
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Table 3.4. Descriptive statistics of the sample. 
Variable Unweighted (n=48,263)  Weighted (n=66,368) 

Female, No. (%) 39,739 (82.34) 54,684 (82.40) 

Age, mean (SD), years 51.29 (12.11) 51.30 (12.12) 

Expected payer, No. (%)   

  Medicare 11,960 (24.78) 16,345 (24.63) 

  Medicaid 5,544 (11.49) 7,520 (11.33) 

  Private 27,182 (56.32) 37,561 (56.60) 

  Self-pay 1,685 (3.49) 2,359 (3.55) 

  Other 1,892 (3.92) 2,582 (3.89) 

Income, No. (%)   

  Highest income quartile 10,556 (21.96) 14,642 (22.06) 

  Second highest income quartile 13,468 (27.91) 18,422 (27.76) 

  Second lowest income quartile 13,160 (27.27) 18,028 (27.16) 

  Lowest income quartile 11,079 (22.96) 15,275 (23.02) 

Patient location, No. (%)   

  Central counties of more than 1 million population 12,870 (26.67) 17,525 (26.41) 

  Fringe counties of more than 1 million population 12,266 (25.41) 16,850 (25.39) 

  Metropolitan of less than 1 million population 11,033 (22.86) 15,193 (22.89) 

  Metropolitan of less than 250,000 population 4,451 (9.22) 5,960 (8.98) 

  Micropolitan 4,721 (9.78) 6,705 (10.10) 

  Other 2,922 (6.05) 4,134 (6.23) 

Urban hospital, No. (%) 44,598 (92.41) 60,719 (91.49) 

Teaching hospital, No. (%) 34,293 (71.05) 45,639 (68.77) 

Hospital bed size capacity, No. (%)   

  300+ 26,974 (55.89) 35,608 (53.65) 

  100 – 299 17,089 (35.41) 23,763 (35.81) 

  < 100 4,200 (8.70) 6,996 (10.54) 

Contouring procedure, No. (%) 4,604 (9.54) 6,219 (9.37) 

  Panniculectomy 1,802 (3.73) 2,443 (3.68) 

  Abdominoplasty 1,739 (3.60) 2,327 (3.51) 

  Modified abdominoplasty 165 (0.34) 229 (0.34) 

  Excision of thigh skin 296 (0.61) 400 (0.60) 

  Excision of leg skin 26 (0.05) 32 (0.05) 

  Excision of hip skin 47 (0.10) 63 (0.10) 

  Excision of buttock skin 78 (0.16) 105 (0.16) 

  Excision of arm skin  484 (1.00) 653 (0.98) 

  Excision of skin in other area 215 (0.45) 289 (0.44) 

  Mastopexy 559 (1.16) 773 (1.16) 

  Mastectomy for gynecomastia 31 (0.06) 42 (0.06) 
Note: Frequency of weighted variables are rounded. 
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The results of logistic regression analysis are shown in Table 3.5. As can be seen, 

episodes related to younger and female post-bariatric patients were more likely to have 

contouring surgeries. Compared to the lowest median household income ZIP code, the highest 

income zip code dwellers was associated with decreased odds of having panniculectomy (odds 

ratio [OR], 0.76 [95% CI, 0.65 to 0.89] p .001) and abdominoplasty (OR, 0.78 [95% CI, 0.67 

to 0.91] p .002) and increased odds of having mastopexy (OR, 1.44 [95% CI, 1.08 to 1.91] p 

.013). Compared to Medicare, episodes involving self-payers were associated with higher odds 

of having panniculectomy (OR, 1.82 [95% CI, 1.47 to 2.26] p <0.001), abdominoplasty (OR, 

14.78 [95% CI, 12.19 to 17.93] p <0.001), and mastopexy (OR, 47.97 [95% CI, 32.76 to 70.23] 

p <0.001). Patients’ geographic locations were also found to be associated with uptake of 

contouring surgeries with lower odds for episodes involving patients from less densely 

populated areas compared to more densely populated areas.  
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Table 3.5. Logistic regression models of common contouring surgeries as outcomes of 

socioeconomic characteristics. 
Variable Panniculectomy Abdominoplasty Mastopexy  

Age    

  18 - 35  Ref Ref Ref 

  36 - 45, OR (95% CI)  0.83 (0.71 to 0.96) 0.80 (0.69 to 0.93) 0.85 (0.66 to 1.11) 

  P value .016 .005 .246 

  46 - 55, OR (95% CI) 0.75 (0.64 to 0.87) 0.67 (0.57 to 0.78) 0.64 (0.49 to 0.85) 

  P value <.001 <.001 .002 

  56+, OR (95% CI) 0.47 (0.39 to 0.56) 0.38 (0.32 to 0.45) 0.48 (0.36 to 0.65) 

  P value <.001 <.001 <.001 

Female, OR (95% CI) 1.24 (1.08 to 1.43) 1.36 (1.16 to 1.59) 14.96 (6.67 to 33.59) 

  P value .003 <.001 <.001 

Median household income    

  Lowest income Ref Ref Ref 

  Second lowest income, OR 
(95% CI) 

0.96 (0.84 to 1.09) 0.77 (0.67 to 0.89) 1.05 (0.79 to 1.39) 

  P value .515 <.001 .750 

  Second highest income, OR 
(95% CI) 

0.91 (0.79 to 1.04) 0.80 (0.69 to 0.93) 1.22 (0.93 to 1.61) 

  P value .178 .002 .158 

  Highest income, OR (95% 
CI) 

0.76 (0.65 to 0.89) 0.78 (0.67 to 0.91) 1.44 (1.08 to 1.91) 

  P value .001 .002 .013 

Expected payer    

  Medicare Ref Ref Ref 

  Medicaid, OR (95% CI)  1.10 (0.93 to 1.30) 1.94 (1.58 to 2.37) 1.62 (1.01 to 2.59) 

  P value .277 <.001 .045 

  Private, OR (95% CI)  0.62 (0.54 to 0.71) 1.11 (0.93 to 1.32) 1.32 (0.89 to 1.96) 

  P value <.001 .245 .171 

  Self-pay, OR (95% CI) 1.82 (1.47 to 2.26) 14.78 (12.19 to 17.93) 47.97 (32.76 to 70.23) 

  P value <.001 <.001 <.001 

  Other, OR (95% CI) 0.77 (0.58 to 1.01) 1.51 (1.13 to 2.03) 3.36 (1.99 to 5.66) 

  P value .055 .006 <.001 

Patient location    

  Central, OR (95% CI) Ref Ref Ref 

  Fringe>1 mln, OR (95% CI) 0.83 (0.73 to 0.96) 0.92 (0.81 to 1.05) 0.79 (0.63 to 1.001) 

  P value .009 .219 .051 

  250K - 1 mln, OR (95% CI) 0.88 (0.77 to 1.00) 0.78 (0.67 to 0.90) 0.80 (0.62 to 1.04) 

  P value .049 .001 .098 

  50K - 250K, OR (95% CI) 0.71 (0.58 to 0.85) 0.71 (0.58 to 0.87) 0.82 (0.59 to 1.16) 

  P value <.001 .001 .267 

  Micropolitan, OR (95% CI) 0.67 (0.55 to 0.81) 0.58 (0.47 to 0.72) 0.62 (0.42 to 0.93) 

  P value <.001 <.001 .019 

  Other, OR (95% CI) 0.78 (0.63 to 0.97) 0.56 (0.43 to 0.72) 0.63 (0.40 to 1.00) 

  P value 0.026 <.001 .048 

 

In Table 3.6, 3.7, and 3.8 common diagnoses among those in receipt of panniculectomy, 

abdominoplasty, and mastopexy are shown together with insurance status. As can be seen 

different patterns are evident in term of the rank ordering of conditions and the insurance status 

of those receipt of contouring surgery. While self-pay comprised roughly 10% of 
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panniculectomy episodes, it made up over 50% in mastopexy episodes. Similarly, while there 

is evident similarity in the comorbidities recorded, the rank ordering of these differs markedly. 

 

Table 3.6. Common diagnosis appeared with panniculectomy episodes. 
Diagnosis Overall (n=2,443)  Insured (n=2,243) Self-payer (n=200) p value 

Pannus, No. (%) 1,528 (62.53) 1,461 (65.11) 67 (33.60) <.001 

Hypertension, No. (%) 884 (36.20) 828 (36.20) 57 (28.27) .0427 

Panniculitis, No. (%) 572 (23.41)  Small number <.001 

GERD, No. (%) 534 (21.84) 511 (22.78) 23 (11.27) .0020 

Erythema Intertrigo, No. (%) 451 (18.46)  Small number <.001 

Nicotine dependence, No. (%) 443 (18.14) 412 (18.35) 32 (15.76) .4543 

Type 2 Diabetes, No. (%) 422 (17.25) 396 (17.67) 25 (12.60) .1217 

Long term medication, No. (%) 395 (16.15) 369 (16.45) 26 (12.81)) .2852 

Obesity, No. (%) 344 (14.08) 323 (14.42) 21 (10.33) .1987 

Depression, No. (%) 316 (12.94) 303 (13.52) 13 (6.45) .0210 

 

 

Table 3.7. Common diagnosis appeared with abdominoplasty episodes. 
Diagnosis   Overall (n=2,327) Insured (n=1,696) Self-payer (n=631) p value 

Pannus, No. (%) 1,392 (59.81) 1,098 (64.73) 294 (46.60) <.001 

Hypertension, No. (%) 650 (27.92) 525 (30.93) 125 (19.84) <.001 

Lipodystrophy, No. (%) 482 (20.69) 293 (17.27) 189 (29.88) <.001 

GERD, No. (%) 448 (19.25) 347 (20.46) 101 (16.01) .0428 

Cosmetic, No. (%) 405 (17.42) 157 (9.26) 248 (39.34) <.001 

Erythema Intertrigo, No. (%) 358 (15.38) 328 (19.36) 30 (4.69) <.001 

Nicotine dependence, No. (%) 356 (15.32) 278 (16.40) 78 (12.40) .0434 

Panniculitis, No. (%) 326 (14.02) 300 (17.72) 26 (4.09) <.001 

Long term medication, No. (%) 283 (12.16) 199 (11.74) 84 (13.28) .3973 

Obesity, No. (%) 275 (11.80) 235 (13.84) 40 (6.31) <.001 

 

 

Table 3.8. Common diagnosis appeared with mastopexy episodes.  
Diagnosis Overall (n=773) Insured (345) Self-payer (428) p value 

Breast ptosis, No. (%) 558 (72.22) 227 (65.80) 331 (77.39) .0030 

Cosmetic, No. (%) 251 (32.50) 62 (18.02) 189 (44.17) <.0001 

Hypertension, No. (%) 177 (22.97) 107 (30.95) 71 (16.55) .0001 

Lipodystrophy, No. (%) 151 (19.51) 55 (15.95) 96 (22.38) .0594 

Long term medication, No. (%) 132 (17.09) 64 (18.71) 68 (15.79) .3789 

Pannus, No. (%) 132 (17.04) 69 (20.16) 62 (14.52) .0784 

GERD, No. (%) 118 (15.32) 61 (17.71) 57 (13.39) .1694 

Nicotine dependence, No. (%) 107 (13.90) 56 (16.36) 51 (11.93) .1430 

Abnormal weight loss, No. (%) 101 (13.10) 25 (7.36) 76 (17.72) .0005 

Breast hypoplasia, No. (%) 95 (12.35) 29 (8.55) 66 (15.41) .0148 
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3.3.3 Discussion 

Sagging skin is a common unwanted outcome of bariatric surgeries that can also give 

rise to health issues. While many post-bariatric patients may want surgical contouring many 

will lack access to their preferred type of surgeries due to high out of pocket costs (Kitzinger 

et al., 2012). The current study estimated that of all inpatient episodes among patients who had 

previously had bariatric surgery just over 9% were for at least one contouring surgery in 2016. 

Some caution is warranted in the interpretation of this statistic. As noted, episodes of care were 

examined here not patients – a small number of patients may have received more than one 

procedure separately in the same year. Also, episodes of care were examined in one year only, 

i.e. the incidence of contouring not the prevalence of it was examined, also if a patient had 

received contouring prior to 2016 related to previous bariatric surgery this would not be 

captured in the data. This said, as noted most contouring takes place within a year of surgery 

and my estimate of incidence falls within the range of previous estimates of prevalence over a 

long term period in the US  (Altieri et al., 2017; Derderian et al., 2020) and of prevalence in a 

recent Dutch study again over a longer time period (9.13%) (de Vries et al., 2020). There is no 

reason why incident contouring in 2016 should exhibit a different distribution with respect to 

any of the variables used to explain uptake in 2016 compared to prevalence. My findings in 

respect of the relationship with uptake therefore remain robust.  

The common contouring procedures found in the study were the excision of excess skin 

in the abdominal area either by panniculectomy or abdominoplasty which account for 7.19% 

of the total post-bariatric episodes. A previous longitudinal study by Altieri et al (2017) had 

examined 37,806 patients underwent bariatric surgeries between 2004 and 2010 in the New 

York state and found that only 5.58% of the bariatric population had underwent abdominal 

contouring surgeries within 4 years of having the bariatric surgery (Altieri et al., 2017). It seems 

possible that the higher rate of abdominal contouring surgeries found in the study is due to the 
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steady increasing trend of body contouring between 2013 and 2016 by 31% as estimated by 

the American Society of Plastic Surgeons (American Society of Plastic Surgeons, 2014, 2016). 

Another explanation could be related to the differences in the study design, as the Altieri study 

could examine the length of time since bariatric surgeries up to 4 years later whereas in this 

study participants could had either bariatric or post-bariatric contouring surgeries at any time 

in the past.  

Among all the socioeconomic variables examined in the logistic regression models, the 

expectation of self-pay is notable as is being a female. The odds for having contouring 

procedures among self-payers’ episodes compared to Medicare are 1.82 and 14.79 for 

panniculectomy and abdominoplasty, respectively. Differences in the odds for different 

procedures may reflect healthcare insurers’ positions towards contouring surgeries. Recent 

literature has examined healthcare insurers’ policies including Medicare and Medicaid toward 

contouring surgeries coverage. While 98% of healthcare insurers grant cover under certain 

circumstances for panniculectomy, only 29% of the insurers cover abdominoplasty (Ngaage et 

al., 2020). The low rate of abdominoplasty coverage may explain the higher odds of self-pay 

as the only alternative means of accessing the procedure. This is consistent with a perception 

of the procedure being viewed as elective in nature and difficult to insure given the potential 

for moral hazard. 

That the uptake of contouring surgeries is more evident among females is as expected. 

Data from the American Society for Aesthetic Plastic Surgery shows that more than 90% of 

the cosmetic surgical procedures in 2016 were performed on women (The American Society 

for Aesthetic Plastic Surgery, 2016). High consumption of abdominal contouring procedure 

were also established in Altieri (Altieri et al., 2017). Females were also known to have a higher 

rate of consumption of bariatric surgeries. In a cross-sectional study on Medicare data, out of 
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77,774 bariatric surgeries between 2014-2016, approximately 74% were performed on females 

(Sheetz et al., 2019). 

Insurance coverage for mastopexy is even less common. It has been reported that just 

23% of insurers provide coverage for post-bariatric mastopexy including Medicaid (Ngaage et 

al., 2019). This low level of coverage likely explains the higher dependence on self-pay as a 

source of funding for this procedure and as with others is likely grounded in its perceived 

elective nature and the perceived potential for moral hazard by insurers. 

Another interesting finding is the pattern of comorbidities between insured and self-

payers episodes. The majority of the healthcare insurers provide coverage against certain 

criteria particularly for panniculectomy and abdominoplasty (Ngaage et al., 2020). The 

eligibility criteria vary across insurers (Dreifuss & Rubin, 2016). In the case of 

panniculectomy, the commonly presented eligibility criterion is maceration of skin or skin 

infection not relived by topical or oral medication (Dreifuss & Rubin, 2016), which would 

explain the low number (below 10) of erythema intertrigo7 and panniculitis among self-payers.  

Abdominoplasty episodes, on the other hand, are less relevant to the panniculectomy eligibility 

criteria related to comorbidities. Although it is covered by one-third of insurance companies 

(Ngaage et al., 2020), most of the insurers would cover abdominoplasty if the patients have 

diastasis recti8. Examining the top common conditions associated with abdominoplasty, 

however, did not show diastasis recti as only 132 have diastasis recti of which 40% are self-

payers. Although the presence of panniculectomy eligibility criteria such as intertrigo and 

panniculitis are lower when examining the abdominoplasty episodes, a significant higher 

proportion of insured candidates who have opted to choose abdominoplasty indicated that 

 
7 Erythema intertrigo is a condition characterize by redness and inflammation of two opposed skin surfaces as a 

result of skin on skin friction and trapping of moist and sweat (Voegeli, 2020). 
8 Diastasis recti is a loosening of the fibrous tissue (linea alba) that connect anterior abdominal wall muscles 

(rectus abdominal muscle also known as six-pack muscle) (Nahabedian, 2018). Obesity and pregnancy are 

common causes of diastasis recti. 
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eligibility for panniculectomy was not limited to intertrigo and panniculitis. Ngaage et al. 

(2020) have recently examined insurance coverage policies and found that criteria for 

panniculectomy reimbursement was not limited to comorbidities but also include impaired 

mobility, having a minimum duration since bariatric surgery, a significant weight reduction 

achieved and maintained (Ngaage et al., 2020). 

Breast ptosis followed by encounter for cosmetic reasons are the most common ICD 10 

diagnosis codes for mastopexy episodes. The lack of insurance coverage for mastopexy in post-

bariatric population is associated with a significantly higher prevalence of breast ptosis and 

cosmetic reasons among self-payers compared to insured. Only three private insurance 

companies have developed eligibility criteria for mastopexy (Ngaage et al., 2019). The criteria 

include functional impairment, photographed breast ptosis, skin infection, and psychiatric 

assessment. 

Limitations 

This study has a number of limitations. It is based on cross-sectional data which allow 

me only to look at associations and not draw causal inferences. Another limitation is the 

assumption that all the patients who have had bariatric surgeries in the past are seeking 

contouring surgery. As an elective procedure, customer choice may have been affected by 

many variables. Surgeon reputation and in-network and out-of-network as well as common 

criteria for reimbursement such as time since bariatric surgeries and weight maintenance 

duration were not measured in the data. Another missing variable that might have an impact on 

the overall rate of contouring surgeries is the history of previously performed contouring 

surgeries. Further studies, which take these variables into account, will need to be undertaken 

when examining self-payers attitude toward contouring surgeries. 

It is worth noting that the degree of weight loss is correlated with the demand for post-

bariatric contouring surgery (Al-Hadithy et al., 2014). Keeping in mind that the main reason 
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for bariatric surgery is to improve self-image, sagging skin as a result of rapid weight reduction 

after bariatric surgery is distressful and would not improve self-image. With strict eligibility 

criteria such as losing a significant weight which is commonly defined as either reaching 

normal BMI, losing more than 45 kg or lost more than 40% of excessive body weight (Anthem, 

2022), post-bariatric patients found themselves forced to pay for contouring surgery rather than 

waiting to fulfil Medicare or Medicaid eligibility criteria. Thus, considering weight loss 

variables in future research would help understanding the impact of illegibility criteria on 

uptake of post-bariatric contouring surgery. 

Comparing the outcome of bariatric surgery, males usually loss weight faster and 

greater than females (Dallal et al., 2009). Thus, males may have a higher chance to benefit 

from insurance companies in terms of covering the expenses of post-bariatric contouring 

surgery. However, due to the small number of males in the sample, stratifying the sample based 

on gender was not be possible.  

HCUP data were used to examine the uptake of bariatric surgeries and post-bariatric 

contouring surgeries. However, there are few differences between the NIS data which used to 

examine the uptake of bariatric surgeries and the NASS data which used to examine the uptake 

of contouring surgeries. Unlike the NIS, the NASS does not have data related to ethnicity. The 

impact of ethnicity is expected to extend to the access to post-bariatric surgeries. Another defect 

in the NASS data is the lack of cost-to-charge ratios. Using the total charges may poorly 

indicate what was actually paid. Thus, comparing the total charges may not reflect the actual 

comparison. 

3.4 Conclusions 

The study highlights the existence of disparities in utilization of bariatric surgery among 

eligible Native Americans relative to Whites in the United States. The disparity is similar in 

magnitude to that experienced by Blacks and is evident after controlling for a variety of 
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potentially contributing factors that include insurance status and clinical characteristics 

conditions. The disparity may in part relate to the geographic isolation experienced by this 

ethnic group. It reflects a broader experience of disadvantage experienced by Native Americans 

in terms of socio-economic status, health and access to healthcare. It is hoped this study will 

both serve to draw attention to a previously unexamined dimension of this experience and help 

encourage further studies into their use of and access to bariatric services.  

While I cannot because of limitations in the data extend the analysis to look at racial 

disparities, uptake of contouring appears to be significantly related to non-clinical factors such 

as insurance status and sex. Self-payment is the predominant payment method among those 

who underwent post-bariatric contouring surgeries indicating potential issues with the 

operation of insurance in this area that warrant further investigation. 
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Chapter 4 Cost-effectiveness of intragastric balloon therapy 

In the last chapter, barriers that might have prevented or delayed access to healthcare 

services were investigated and showed how health insurance status had a critical role in service 

uptake for bariatric and post-bariatric surgeries. Health insurance varies in terms of the 

coverage offered for specific procedures including cosmetic post-bariatric contouring 

surgeries. Various factors explain this including the potential for moral hazard but clearly the 

value placed on such therapies will have an important role, especially for governmental third-

party payers/insurers. Committees within or acting on behalf of third-party payers are 

constantly evaluating each medical device or approach for its effectiveness, safety, necessity, 

and cost-effectiveness. While organizations such as the Food and Drug Administration are 

more concerned about safety, organizations such as National Institute of Health and Care 

Excellence (NICE) take account also of the cost-effectiveness of the procedure or device as 

part of their Health Technology Assessment (HTA). 

As new technologies including drugs and devices become available, so they need to be 

assessed in terms of their cost-effectiveness. In the field of obesity treatment, intragastric 

balloon therapy is an example of a novel therapy that has recently emerged. It is not currently 

reimbursed in the NHS and is usually not covered by health insurance in the United States – 

except for AT&T employees (Garber, 2017). In this chapter, a cost-effectiveness analysis 

(CEA) of the intragastric balloon therapy for weight loss will be performed to explore its 

potential cost-effectiveness among the American population and shed light on the potential 

dangers associated with the deployment of decision analytic models used to assess cost-

effectiveness. The chapter consists of four major subsections. I will begin with a brief overview 

of the importance and role of cost-effectiveness analysis followed by the role of decision 

analysis in the cost-effectiveness analysis and then I will move to explain the challenges of 
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replicating an existing cost-effectiveness analysis model and finally I will report and discuss 

results of the cost-effectiveness analysis. 

4.1 A brief overview of the importance and role of CEA 

In healthcare systems, increasing demand for healthcare has thrown into sharper focus 

the scarcity of resources within systems and the importance of having a rational and transparent 

means of allocating resources within the healthcare sector. Consistent with the principle of 

opportunity cost, health maximization from a limited budget would appear to provide a rational 

objective within the context of resource constrained maximization. Arbitrary or historically 

based allocations of resources are unlikely to achieve the maximization of health from the given 

resource. By contrast cost-effectiveness analysis offers a process by which alternative uses of 

resources can be compared in terms of both cost and benefits in a transparent manner that in 

principle allows that which will increase health gain most to be identified. 

Cost and effect can be measured by different methods and from different perspectives. 

In the UK, typically outcomes are measured in terms of quality adjusted life years (QALY), a 

concept that combines years of life with preferences for the quality in which those years are 

lived. The perspective from which costs are assessed is typically that of the third-party payer – 

i.e. the NHS – with a societal perspective also often being adopted where costs beyond the 

healthcare system may be important. Alternatives are compared in terms of the additional cost 

and additional benefit they yield. If the new intervention yields sufficient additional benefit per 

additional pound spent, that is the incremental cost-effectiveness ratio (ICER) is sufficiently 

low, it is deemed to be cost-effective and suitable for adoption for reimbursement. Sufficiency 

here is assessed by comparing the ICER against a threshold typically used by decision makers. 

In the UK the threshold typically used is £20,000 - £30,000 per QALY. In the US, an equivalent 

body to NICE does not exist. While the US Preventive Services Task Force conducts cost-

effectiveness analyses to inform decisions around new screening recommendations, they do 
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not have a specific threshold to refer to. With respect to other therapies, the role accorded the 

public payer in healthcare is significantly less than that in the UK. Consequently, the role 

accorded cost-effectiveness analysis in informing reimbursement decisions also less. Great 

emphasis is given to the ability and willingness of individuals to pay for services out-of-pocket 

or through higher insurance premiums provided the technology is deemed effective. 

Nevertheless, cost-effectiveness can play an essential role in informing decisions by insurers 

as to the value of novel technologies and conversations they may have with those seeking 

coverage for access to new technologies. 

 

4.2 Role of decision analysis in CEA 

Despite what the cost-effectiveness analysis can provide the decision makers with 

theoretically in order to contain the growing healthcare expenditure within the limited budgets 

they face, decision makers remain reluctant to base their decisions on published cost-

effectiveness analysis. Neumann (2004) highlighted two main reasons that could discourage 

decision makers to embrace cost-effectiveness analysis (Neumann, 2004). The first barrier to 

adopt cost effectiveness analysis is difficult interpretation of the cost effectiveness analysis – 

what exactly is a QALY or what exactly a ICER means is not necessarily intuitively obvious. 

However, the increasing popularity of cost-effectiveness analysis – it has been used for well 

over thirty years in the UK – means this is less of an issue today than was the case in the past. 

The second reason mentioned by Neumann was related to the approaches used to conduct such 

studies. Neumann pointed out that without a standardized guidelines for reporting economic 

evaluation studies, the results could be easily manipulated and will lose its credibility. 

In order to reassure decision makers and enhance utilizing of the published decision 

analysis research, much work have been carried out to investigate possible methodological 

deficiencies that can detriment quality of cost-effectiveness studies. Twenty years ago, Prosser 
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et al. (2000) noted reasons that made decision makers reluctant to use cost analysis studies at 

that time (Prosser et al., 2000). Prosser et al. uphold that cost effectiveness studies conducted 

from different perspectives; societal, organizational, employer, and individual. Thus, cost and 

effect of treating strategy or program may vary depend on the perspective of the analysis. For 

example, long term care may be relevant from societal perspective but not from the other 

perspectives.  

Another crucial methodological issue raised by Prosser is the effect of source of funding 

and how sponsors may influence the tone of the conclusion (Prosser et al., 2000; Sismondo, 

2008). In systematic review of sponsored comparative economic studies conducted to evaluate 

two  different agents produced by two competing manufactures for minimizing the cost of 

managing patients with haemophilia, the result of eight of the nine studies included in the 

review suggesting the sponsor’s product to be cost saving option for treating bleeding in 

haemophilia patients (Hay & Zhou, 2011). Pharmaceutical-sponsored cost-effectiveness 

analysis bias were also prominent in the field of breast cancer therapy. Lane and colleagues 

have reviewed cost-effectiveness analysis of breast cancer treatment published in the period 

between 1991 2012 to investigate the association between the research sponsor and the cost-

effectiveness result (Lane et al., 2016). They found that 75% of the pharmaceutical-sponsored 

analysis were in favour of using their products under willingness to pay threshold of $50,000 

(Lane et al., 2016). Thus, industrial-funded papers having lower credibility and less likely to 

be used in decision making process (Besley et al., 2017). 

The risk of bias in economic evaluation papers led researchers over the last three 

decades to develop reporting guidelines commonly presented as checklist (Husereau et al., 

2013).  The checklists are commonly used to assess quality of the economic evaluation studies 

(Watts & Li, 2019). Wijnen et al (2016) have reported the use of 13 different checklists for 

quality assessment purposes of published economic evaluations research (Wijnen et al., 2016). 
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Each of the checklists was designed for assessing certain aspects of the economic evaluation 

studies (Frederix, 2019). Thus, using the wrong checklist or using it inappropriately could 

result in overestimating or underestimating of the quality of the study (Frederix, 2019).  

Checklists exist for reporting evaluations such as the CHEERS checklist, guidance exists to 

assess the quality of evaluations and for the assessment of decision analytic modelling that may 

be undertaken as part of the evaluation (Husereau, Drummond, Augustovski, de Bekker-Grob, 

et al., 2022). With respect to the latter one of the well know quality assessment checklist is 

Philips checklist. Philips checklist is consist of 57 questions and require 60 minutes on average 

to be completed (Auguste et al., 2016). Philips and colleagues have reviewed published 

guidelines, described their strength and weakness and then develop their unique guidelines and 

checklists for assessing decision modelling (Philips et al., 2004). The Philips checklist is useful 

for assessing modelling studies and been recommended by the NICE guidelines and Cochrane 

Handbook for Systematic Reviews of Interventions (Cochrane Handbook for Systematic 

Reviews of Interventions, 2022; Developing NICE guidelines: the manual Process and methods 

and conditions, 2014). The Philips checklist will be used in this chapter in section 4.4 to present 

critical appraisal of a published model-based economic evaluation of obesity interventions. 

Another well-known checklist commonly used for critical appraisal of economic 

evaluation is the Drummond checklist (Drummond et al., 2015). The checklist consists of 10 

main items including research question, description of the intervention and its alternatives, the 

study design of the intervention effectiveness, identification of cost and consequences, 

measurement of cost and effectiveness, valuation of cost and effectiveness, discounting, 

incremental analysis of cost and effect, sensitivity analysis, and discussion of the result.  

Collectively these checklists have been used to provide a much higher degree of 

comparability in evaluations and guidance to those using evaluations to assess the rigor with 
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which they have been undertaken. Most journals now request that the CHEERS checklist 

accompanies any evaluation submitted for publication to facilitate its review.   

4.3 Challenges of replicating CEA models  

Before going further to apply any of these checklists, it is important to emphasize the 

fact that choosing the right reporting checklist and quality assessment tool as well as having 

the highest possible score in that checklist would not necessary guarantee the perfection of the 

study (Frederix, 2019). The checklists items are usually general and not designed to detect case 

by case deficiencies. A study by McManus et al. (2019) attempted to replicate results from five 

model-based studies. All of the five studies satisfied all relevant Philips checklist questions. 

However, McManus et al. were unable to replicate published results using provided 

information. The degree of the difference between replicated and original results varied. Only 

in one study they were able to match exactly the health outcome results.  The difference 

between original and replicated health outcome in the other four studies were varied but did 

not exceed 3.81%. By contrast, cost per patients were relatively difficult to replicate as a simple 

error in cost input might magnify the cost especially if the cost was measured for long period 

of time. For example, long term cost per child in the replicated model were double (108%) the 

cost in the original model, despite best efforts to follow the methods set out by the authors. The 

authors concluded that meeting the requirement by Philips checklist such as questions about 

presenting parameter input may not be sufficient to rely on until another modeler successfully 

replicate the model results (McManus et al., 2019). This is reflected in the updates CHEERS 

checklist where model parameters and program code are required to increase the likelihood of 

exact model replication and thus guard against potential errors by the original authors persisting 

(Husereau, Drummond, Augustovski, De Bekker-Grob, et al., 2022).  

Methods replication and result reproduction has received much attention in the last few 

years. Following the McManus study, Schwander et al., (2021) have also examined the 
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feasibility of replicating model-based economic studies in the field of obesity management 

particularly diet, behavioural therapy and anti-obesity agents (Schwander et al., 2021). Four 

state-transition model studies have met their inclusion criteria in terms of the rigour with which 

they had been undertaken based on the CHEERS checklist scores – though this was based on 

the unrevised CHEERS checklist. The CHEERS scores ranged from 18 to 20 out of 24. 

Although the time horizon for the included studies were 40 years in one study and lifetime in 

other three studies, Schwander et al., were unable to reproduce identical conclusion with 

minimal deviation in cost and health outcomes. Furthermore, they were unable to reproduce 

probabilistic sensitivity analysis because distributions parameters such as distribution type and 

standard deviation were unavailable in the four studies. The authors highlighted other hurdles 

related to missing information. For example, the life table was not provided in two studies and 

lack of information about the event simulation results in the other two studies. 

While the authors could not reproduce exactly the results of any of the studies – even 

though these were selected based on their quality - they were able to come close and attributed 

this in part to the simplicity of the included models.  

4.4 Brief overview of Mital and Nguyen model  

One recently published model that serves as a pertinent example of the issues presented 

by users of published evaluations is the Markov model by Mital and Nguyen (2019). The model 

examined the cost-effectiveness of aspiration therapy (FDA approved in 2016) compared to 

bariatric surgery and no treatment. The primary outcome of the model is an incremental cost-

effectiveness ratio. The authors allow the model to run for lifetime to examine possible long-

term effects. All model input were adopted from the US health care system’s perspective. The 

target population was the US population. 

The model preceded the revision to the CHEERS checklist and as such was not 

subjected to the same rigor in terms of its review that a model being published today would 
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expect from an economics reviewer. The model was subsequently strongly criticised in a recent 

commentary for its unrealistic assumptions, and errors in inputs as assessed by experts in the 

field of aspiration therapy  (P Jirapinyo et al., 2020). Despite efforts by myself to obtain details 

on the model including transition probabilities, that were not published by the authors through 

direct correspondence with them, these were not furnished nor are they reported in this paper 

or subsequent papers from the authors that extend the range of interventions assessed using the 

same model. This is something that would be unlikely to escape today’s reviewers given the 

requirement to report all such data and furnish model code as a commitment to replicability.  

Thus, Philips’s checklist and CHEERS 2 were used to assess the quality of reporting in 

the Mital and Nguyen paper. Based on Philips’s checklist score is 31 out of 49. The full 

checklist and comment can be seen in Appendix 11. However, the paper failed to fulfil half of 

the CHEERS 2 reporting requirements (14 out of 24 items were reported). Details of the 

CHEERS 2 checklist can be seen in Appendix 12. Both checklists have shown weak points in 

the paper, particularly parameter inputs. In addition to the missing transition probabilities, both 

Philips checklist and CHEERS 2 were capable of capturing another reporting deficiency 

regarding reporting the range distribution of the model inputs. The author has varied some of 

the model inputs by 25% above or below the base case value to run sensitivity analysis. 

However, the method used was unjustified and may not reflect the actual variabilities of the 

model parameters, particularly the cost, which is commonly reported as skewed distribution 

(S. G. Thompson & Barber, 2000).  

For the purpose of having more robust model parameters, estimated inputs related to 

cost and effects of interventions were updated and range of the estimated inputs were adopted 

from literature (See Appendix 13). Cost of gastric balloon was estimated using an online 

survey. 
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4.5 An appraisal of the cost and reported effects of endoscopic devices for 

weight loss  

In areas where evidence is currently sparse, for example, where a new technology is in 

the process of being adopted, expert elicitation is often used to help populate models (W. 

Sullivan & Payne, 2011). Little specific guidance however is currently available on how best 

this should be achieved (Hunger et al., 2016) though the literature here is continuing to evolve 

(Iglesias et al., 2016). Where identifying experts is itself problematic, for example, where a 

new technology is highly disruptive because it requires relatively limited skills to deploy across 

multiple patient groups, pragmatism may be required when identifying experts. 

4.5.1 Survey recruitment 

Ethical approval for an online survey was provided by the Faculty of Medicine, Life 

and Health science, QUB research ethics committee (Reference number: MHLS 20_78) (See 

Appendix 14). The survey aimed to assess the cost of endoscopic balloon therapy and its effects 

in terms of weight reduction (Details of the survey protocol can be seen in Appendix 15).   The 

Survey Monkey survey website was used to design an online survey. Two methods were 

planned to be used for the distribution of the survey. The first was to contact members of the 

American College of Gastroenterology. However, the American College of Gastroenterology 

refused to permit distributing the survey among its members. The second method was 

contacting those showing experience in the field of the gastric balloon in their LinkedIn 

accounts. The LinkedIn is an accessible business networking platform (Stokes et al., 2019). A 

link to the online survey was distributed among expert gastroenterologists working in the US 

using LinkedIn platform. There was no constriction on participants’ job titles. However, IP 

address of participants were used to exclude those participate from outside the US.  The primary 

target population was gastroenteritis, but others showing experience in the gastric balloon in 
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their profile were also contacted. The survey was distributed during the pandemic of COVID-

19 and took place in the period between 20/08/2020 to 01/12/2020. 

4.5.2 Survey results 

As can be seen in Table 4.1, a total of 25 participants have completed the online survey. 

Gastroenterologists represent 36% of the total participants. Other participants were bariatric 

surgeons with experience in the insertion of the gastric balloon or other healthcare workers 

such as nurses and dietitians involved in managing patients present for gastric balloon therapy. 

Out-of-pocket was the main method of paying for the intragastric balloon therapy (80%). 

Orbera Intragastric balloon system (formerly known as Bioenteric Intragastric Balloon or BIB) 

were the most popular intragastric balloon device used. On average, patients would need 1.78 

office visit for insertion of the intragastric balloon, 5.18 visits for follow-up while the balloon 

inserted, one visit for retrieval of the intragastric balloon device, and two visits for post-

retrieval follow-up. Out of 18 participants, 10 participants reported using of general anaesthesia 

for insertion of the intragastric balloon therapy. The insertion of the intragastric balloon was 

reported to take on average 21.44 minutes and cost $6,967. Major cost drivers were reported 

to be the facility fee and the intragastric balloon device which cost $2,250 and $2,071, 

respectively. Further details on cost can be seen in Appendix 16. 
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Table 4.1. Descriptive statistics of the survey (n=25). 

Variable Mean SD 

Gastroenterologist (frequency, %) 9 36 

Years of experience (year) 5.56 5.02 

Annual number of patients (frequency, %) 44.72 66.21 

Male (frequency, %) 21 84 

Usual method of payment (frequency, %)   

  Out-of-pocket 20 80 

  Medicare 3 12 

  Medicaid 4 16 

  Private insurance 8 32 

Intragastric balloon device   

  Orbera Intragastric balloon system 18 72 

  ReShape Integrated Dual Balloon System 6 24 

  Obalon Balloon System 6 24 

  AspireAssist 6 24 

  Other devices 9 36 

Frequency of clinic visit (frequency, %)   

  Insertion visits 1.78 0.66 

  Follow-up visits 5.18 3.47 

  Device retrieval visits 1 0.35 

  Post-retrieval visits 2 1.79 

Type of anaesthesia (frequency, %)   

  General anaesthesia 10 55.56 

  Conscious sedation 8 44.44 

Device insertion time (minutes) 21.44 12.27 

Cost ($)   

  Balloon therapy cost 6,967 1,116.37 

  Consultation fee (including dietitian, 

psychologist, and cardiologist consultation) 

438.33 313.71 

  Laboratory fee 262.5 47.87 

  Gastroenterologist fee 1,040 820.37 

  Balloon device cost 2,071.43 449.87 

  Facility cost 2,250 1214.50 

  Anaesthesia cost 1,014.29 708.12 

Effect    

  Excess weight loss % after 6 months 14.3 7.94 

  Excess weight loss % after 12 months 12.64 10.70 
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4.6 Replication/extension of model 

Replicating the model was extremely difficult due to missing information of the 

transitional probabilities. Several attempts were made to contact the author, but no reply was 

received.  

4.6.1 Model construction 

Cost and quality-adjusted life years (QALY) of the novel intragastric balloon therapy 

was compared against four existing strategies of weight reduction. Two of the alternative 

strategies are bariatric surgeries specifically sleeve gastrectomy and gastric bypass. The third 

strategy is aspiration therapy which is considered to be less invasive compared to the bariatric 

surgeries. The fourth strategy is usual care which in this case is no intervention. The Markov 

model developed by Mital and Nguyen (2019) which examined cost-effectiveness of aspiration 

therapy compared to two bariatric surgeries alternatives and no treatment was used to frame 

the model in terms of permissible states and transitions between these (Mital & Nguyen, 2019). 

The strength of the current study lies in adding an extra arm to the model to represent the 

intragastric balloon therapy. The model consists of four alive states based on the body mass 

index (BMI): no obesity (BMI <30), class 1 obesity (BMI >= 30 and BMI < 35), class 2 obesity 

(BMI >=35 and BMI <40), class 3 obesity (BMI >=40). Initially, the patients entered the model 

as either class 2 obesity (56%) or class 3 obesity (44%) based on the obesity prevalence in the 

US and consistent with the approach of Mital and Nguyen. In each cycle of the model, patients 

transfer between alive health states according to the transitional probabilities associated with 

each intervention. The fifth health state of the model is the absorption state which is dead where 

the patients enter this state cannot transfer to another health state. A visual illustration of the 

model can be seen in Figure 4.1. Full details of the parameters in the model are set out in 

Appendix 17. These were taken from Mital and Nguyen other than were taken from the survey 

as indicated. The model was constructed and estimated in TreeAge. A range of sensitivity 
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analyses were undertaken and results of these are set out in Appendix 18. However, the model 

should be extended in light of a systematic review of the literature as this emerges and/or a 

fuller survey of expert opinion post-COVID when response rates are likely to be higher on 

parameter values. 

 

 

Figure 4.1. State transition model’s structure. 
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4.6.2 Cost-effectiveness analysis result 

Results of the base case analysis in terms of cost, effect and cost-effectiveness are 

presented in Table 4.2. The intragastric balloon therapy and gastric sleeve are the cheaper 

strategies in the model. Usual care, aspiration therapy and gastric bypass surgery are dominated 

– they have lower effect and higher cost than other options available. Gastric sleeve is left to 

be compared with gastric balloon under extended dominance and gastric sleeve is deemed the 

more cost-effective strategy with ICER of $7,362 per QALY gained.  However, gastric sleeve 

found to be the cost-effective strategy.  

Table 4.2. Incremental cost-effectiveness results. 

Strategy Cost Incr Cost Eff Incr Eff ICER Dominance 

Gastric balloon 90,140.75   13.50    
Undominated 

Gastric sleeve 96,384.16  6,243.40  14.35  0.85  7,362.27  Undominated 

Aspiration therapy 109,565.91  13,181.75  13.59  -0.76  -17,345.89  Dominated 

No treatment 121,031.82  24,647.66  12.06  -2.29  -10,762.18  Dominated 

Gastric bypass 156,705.77  60,321.61  14.26  -0.09  -705,901.00  Dominated 

 

In addition to the assumptions on which the Mital and Nguyen analysis was based being 

called into question, a comparison of ICER estimates between Mital and Nguyen and this study 

demonstrate greater uncertainty in the latter. This underscores further the need to develop the 

evidence base in this area. 

4.7 Discussion 

With intention to enhance transparency and replicability of published models, 

McManus et al.  reported main obstacles they confronted during their analysis and made some 

suggestions to overcome it in future research (McManus et al., 2019). In summary, the main 

barriers were omitted parameters, unclear assumptions, amplification of cost with each model 

cycle and failure to contact corresponding author for clarification. McManus have proposed 

various approaches to facilitate replication of model-based economic evaluations which 

include adding a table to present cost of each health state in state-transition model. Another 
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proposed suggestion was to present supplementary results of shorter time horizon so the future 

investigator can easily check for any discrepancies before running all the model’s cycles. 

Rather than developing more checklists, McManus suggested that authors can try to replicate 

the model result independently and then compare their results. The revised CHEERS checklist 

implicitly incorporates aspects of the recommendations by McManus et al by for example 

requiring authors to present data and code that will facilitate replication of results. This 

provides a starting point for independent model validation and facilitates model adaptation in 

light of revisions to structure or parameters that are used to populate models.  

As the revised CHEERS checklist becomes more widely adopted instances such as 

those encountered in the Mital and Nguyen situation should become rarer and the work of 

editors made easier. Whether reviewers will be expected as part of their review to replicate the 

results of papers, remains to be seen. 

Despite not being a cost-effective option, certain population would admire using of the 

intragastric balloon therapy and would appreciate it as the best option for them due to either 

lack of access to bariatric surgeries, high risk to develop complications after surgeries, or the 

need to reduce weight before bariatric surgeries and other routine procedures. Further analysis 

of the potential cost-effectiveness of balloon therapy is clearly warranted. When there is greater 

clarity around how best to deploy the technology and arising from this the costs and effects of 

its deployment in these areas, this could include a threshold analysis to ascertain a price point(s) 

at which the technology would be cost-effective. Until this clarity emerges, however, further 

analysis would be largely speculative. 

The access to bariatric surgeries in the US is subjected to many socioeconomics factors. 

Al-Sumaih et al (2020) have examined data of 1,729,245 bariatric surgery episodes performed 

in the US and found that ethnicity, income, and insurance status are the main factors affecting 
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access to bariatric surgeries (Al-Sumaih et al., 2020). Those unable to access to bariatric 

surgeries might find intragastric balloon therapy an accessible option. 

Obesity considered one of the perioperative risk factors for its association with 

prolonged operation time, long-term complications, and risk for mortality (Ri et al., 2018). The 

temporary weight reduction that the intragastric balloon therapy offered might also help 

reducing rates of surgical complications. Total knee arthroplasty is one of the common 

surgeries performed on patients with obesity due to the impact of heavy weight on the 

development of advanced osteoarthritis which eventually require replacement of the knee. 

Werner et al (2015) have compared  post total knee arthroplasty rate of major and minor 

complications among patients underwent bariatric surgeries and patients with morbid obesity 

(Werner et al., 2015). Werner found that the patients who underwent bariatric surgeries 90 days 

prior to the knee surgery to have significantly lower rates of minor and major complications. 

Although the study compared the effect of bariatric surgeries on perioperative complications, 

it is supported by many literature that weight reduction by any method could improve outcome 

of surgeries and reduce its complications (Yayac et al., 2020). 

Outcome of bariatric surgeries could also be improved if the patient underwent 

intragastric balloon therapy prior to the bariatric surgery. Although performing two procedure 

instead of one would increase the cost the literature suggests that it could augment the effect 

of bariatric surgeries (A. Genco, Cipriano, et al., 2005). A case-control study of 43 patients 

who underwent intragastric balloon therapy prior to bariatric surgery and 43 control cohort 

matched by age, sex, and BMI (Busetto et al., 2004). The study found that bridge intervention 

cohort had significantly shorter operative time and shorter length of stay compared to the 

control cohort. The bridge cohort reported no perioperative complications. 

Patients with extreme obesity require healthcare facilities equipped with special tools 

to proper handle the patients. A recent survey done in the US collected physicians’ opinions 
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about accommodating patient with disabilities including extreme obesity shows that patients 

with obesity residing in rural areas cannot have CT scan or MRI because they would not fit in 

the machine (Agaronnik et al., 2021). This again adds to the potential uses of balloon therapy 

and with it areas in which its use could usefully be assessed in terms of its cost effectiveness.  

Decision makers from different perspectives may need to adjust the model based on their 

viewpoints and reproducing it. One more advantage for facilitating the replicability of 

economic evaluation studies is the fact that it save the time of the future researchers who will 

use the models to compare newly emerged intervention (McManus et al., 2019).  

4.8 Conclusions 

Poorly constructed and/or populated cost-effectiveness models could potentially 

mislead policy makers. The study highlighted the challenges in replicating results published 

prior to the revised CHEERS checklist. The main challenge was the lack of transparency which 

have delayed my adoption to the model and would probably have similar impact on the policy 

makers trying to adopt the model in the future. Implementing the revised CHEERS checklist 

would help reviewers and readers to appraise economic evaluation studies critically and would 

reassure policy maker to make fully informed decisions. Without implementing a rigor 

checklist such as the revised CHEERS, policy makers may remain reluctant to base their 

decision on the economic evaluation. This study supports the recommendations of using 

revised CHEERS checklist to ensure that economic evaluation studies are appropriately 

reported. 
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Chapter 5 Summary of Findings, Recommendations and 

Conclusion 

5.1 Background to the thesis  

Among countries of the G20, the United States and Saudi Arabia are on the top list of 

having the highest prevalence rate of obesity. Moreover, the rate of obesity is expected to 

escalate as well as the economic burden associated with the obesity and obesity-related 

comorbidities. Thus, obesity became a public health issue and encouraged researchers to invent 

several ways to confront it. This thesis have explored the relationship between obesity and its 

comorbidities, explored the accessibility to individual-based treatment, and compared the cost-

effectiveness of newly emerged treatment with current practice management.   

At the end of each chapter, there is a discussion section. In this chapter, the discussion 

will revolve around how the main findings from this thesis fit with existing literature on 

obesity.  

5.2 Summary of the findings 

5.2.1 Unobserved heterogeneity in patients complaining of obesity 

Obesity is a known risk factor for type 2 diabetes, hypertension and vitamin D 

deficiency. These obesity-related comorbidities often coexisted and led researchers to draw 

cause-and-effect relationships between them. Emerging studies have tried to explore the 

potential benefit of vitamin D in treating type 2 diabetes and hypertension. However, type 2 

diabetes and hypertension can cause each other as they share similar risk factors other than 

obesity such as age, sex, sedentary behaviour, lack of exercise and family history, whereas 

vitamin D deficiency is commonly due to lack of exposure to the sources of vitamin D such as 

sun rays, vitamin D rich food and vitamin supplements. Having different pathological pathway 

may not be seen as a convincing argument as vitamin D could have indirect association with 

either type 2 diabetes or hypertension especially if there are other unobserved factors. 



164 

 

Accounting for unobserved heterogeneity, the first study in Chapter 2 examined the 

relationship between vitamin D and type 2 diabetes and hypertension using nationally 

representative cross-sectional data from the Saudi Health interview survey (SHIS) (2013). A 

series of seemingly unrelated bivariate probit analysis were conducted to estimate the 

correlation between categorical outcomes (vitamin D deficiency, type 2 diabetes and 

hypertension) as functions of covariates. The functions were estimated simultaneously to allow 

for possible unobserved heterogeneity. Sensitivity analyses were undertaken in which the 

selection and specification of covariates and outcomes were varied. Distinct patterns in the 

relationship between diabetes, hypertension and obesity among men and women in Saudi 

Arabia and in the risk of vitamin D deficiency. In multivariable analyses, obesity and age were 

found to significantly predict hypertension risk in women; central obesity to predict diabetes 

risk in men and women, as well as hypertension risk in men. Vitamin D was not found to 

predict diabetes risk nor hypertension risk in either sex. Milk consumption and sun exposure 

were found to predict vitamin D deficiency in women but not men. While there was evidence 

of unobserved heterogeneity in models predicting diabetes and hypertension, there was no 

evidence of unobserved heterogeneity between these and those predicting vitamin D 

deficiency. Results did not materially change over a range of sensitivity analyses. The study 

found no evidence of a relationship between vitamin D levels and risk of either diabetes or 

hypertension. 

As the use of categorical dependent variables in the first study may not display the 

whole picture of the relationship between vitamin D and other obesity-related comorbidities, a 

second study in Chapter 2 was undertaken using the same data with the aim of exploring 

unobserved heterogeneity among subpopulations whose vitamin D level vary without recourse 

to an exogenously defined threshold. Finite mixture models were used to explore unobserved 

heterogeneity among subpopulations without requiring of observable characteristics to identify 
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the sub-population to which an individual observation belongs. The relationship between 

covariates and recorded 25(OH)D was explored and compared using linear regression and 

finite mixture model approach. Three latent classes were identified. Class I (39.82%), class II 

(41.03%), and class III (19.15%) with mean 25(OH)D levels of 22.79, 34.88, and 57.45 ng/ml, 

respectively. The ordinary least-squares (OLS) regression results show that 25(OH)D levels 

are positively related to age, sex (male), consumption of vitamin D supplements, milk and 

haemoglobin A1c (HbA1c). By contrast, waist circumference is negatively related to 25(OH)D 

levels. The FMM approach revealed distinct patterns of association between subgroups and 

covariates. While for all 3 classes age was positively associated with vitamin D levels the 

magnitude of the coefficient differed by a magnitude of 6 among them. With respect to other 

independent variables, even more distinct patterns were evident; supplement use was 

significant and positive for class 1 and 3 but negative for class 2; smoking status was significant 

and positive for class 3 but negative and significant for class 2 while being insignificant for 

class 1. 

5.2.2 Desired treatment is out of reach 

On the individual level, one durable and effective obesity treatment is bariatric surgery, 

often followed by contouring surgery. Those types of surgeries are usually surrounded by many 

barriers such as being expensive, needing to be done in well-equipped facilities and the patient 

need to meet specific clinical criteria such as having type 2 diabetes. Literature have examined 

the factors affecting patients’ access to bariatric surgeries. However, those with the most 

clinical need for bariatric surgery such as Native Americans, are commonly neglected when 

access to bariatric surgery is examined. The paucity of research was not limited to the 

minorities’ access to bariatric surgeries but also extended to the factors affecting access to post-

bariatric contouring surgeries. 
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Using 9-year data (HCUP-NIS) of 1,729,245 inpatient episodes of morbidly obese 

patients illegible for bariatric surgery, Chapter 3 pointed up characteristics of ethnic groups 

and then compared the impact of some factors on access to bariatric surgery among different 

ethnic groups in the United States. As was expected, the proportion of having type 2 diabetes 

was higher in Native Americans compared to the other ethnicities. Unlike other ethnicities, 

data of the Native Americans in terms of rurality and hospital location confirms the 

geographical isolation of the Native Americans which negatively affects their access to 

bariatric surgeries. Native Americans had a lower percentage of private insurance compared to 

other ethnicities. Moreover, the adjusted odds ratio of bariatric surgery is significantly lower 

among Native Americans than Whites Americans. 

Examining the access to healthcare extended in Chapter 3 to examine the factors 

affecting access to common contouring surgeries among those who have had bariatric surgery. 

Using data from the ambulatory surgical centres (HCUP-NASS, 2016) in the United States, a 

total of 66,368 episodes were extracted. Approximately one-tenth of the episodes were for 

contouring surgeries. The most common post-bariatric contouring surgeries were 

abdominoplasty and panniculectomy, followed by mastopexy. The odds of having one of the 

contouring surgeries are associated with the patients’ socioeconomic status. For example, those 

who reside in the highest household income ZIP codes are associated with high odds of having 

breast contouring and lower odds of having abdominal contouring surgeries. Another 

interesting finding is that self-payers were associated with an increasing the odd of having 

contouring surgeries even if the third-party payers commonly cover the type of surgery as in 

the case of the panniculectomy. Geographical distribution have an impact on access to 

contouring surgeries as well. Less condensed areas were associated with lower odds of having 

contouring surgeries. These observations might help decision-makers suggest several actions 

to solve the issue of disparity in access to obesity treatment.  
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5.2.3 Cost-effectiveness analysis 

Intragastric balloon therapy have recently emerged as a novel treatment for obesity with 

fewer complications than bariatric surgeries. Unlike bariatric surgeries, far too little attention 

has been paid to intragastric balloon therapy in term of estimation of its cost-effectiveness. The 

existence of many economic evaluation studies examining weight reduction interventions make 

building a new model to estimate the cost-effectiveness of a multicomponent intervention such 

as the intragastric balloon therapy unpractical. Theoretically, adopting of a cost-effectiveness 

model would catalyze the conduction of economic evaluation for new interventions and enable 

a fair comparison between studies’ outcomes. Until recently, transparency in reporting 

economic models was a significant issue preventing adopting of economic models. 

In Chapter 4, the cost and effectiveness of intragastric balloon therapy was estimated 

via an online survey in order to incorporate the data from the survey with a published economic 

model. As a new intervention, reaching experts in the field of intragastric balloon therapy to 

participate in the survey was not an easy task, particularly during the pandemic of COVID-19. 

Nevertheless, the survey results show that inserting of the intragastric balloon costs $6,967. 

Major cost drivers were reported to be the facility fee and the intragastric balloon device, which 

cost $2,250 and $2,071, respectively. In addition, the percentage of excess weight lost were 

14.3 and 12.6 in 6 months and 12 months, respectively. 

Replicating the adopted model was extremely difficult due to missing information on 

the transitional probabilities. Several attempts were made to contact the author, but no reply 

was received. However, the overall structure of the model was used, and model inputs were 

updated. The initial model consists of four strategies: no treatment, aspiration therapy, gastric 

sleeve and gastric bypass. An additional arm was added to the model to represent the 

intragastric balloon therapy. The intragastric balloon therapy and gastric sleeve are the cheaper 

strategies in the model. No treatment, aspiration therapy and gastric bypass surgery are 
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dominated. Gastric sleeve was found to be the most cost-effective strategy with ICER of $7,362 

per QALY gained. 

5.3 What did we learn 

• Unobserved heterogeneity affects the relationship between obesity, type 2 

diabetes, hypertension and serum vitamin D within the Saudi population 

• Within the Saudi population, there is evidence of latent classes that could 

underlie observed variation in response to sources of vitamin D 

• Ethnic differences in uptake of services in the US extend to bariatric surgery 

where significantly lower rates of utilization exist among Native Americans 

compared to Whites Americans 

• Self-payers is a major prediction of accessing post-bariatric contouring 

surgeries 

• Intragastric balloon therapy is not a cost-effective option for treating obesity 

5.4 Recommendations 

Patterns of fat distribution are associated with obesity-related comorbidities, as seen in 

Chapter 2. Thus, considering anthropometric measurements other than BMI is encouraged for 

screening purposes among the population of Saudi Arabia. In addition, the Saudi Ministry of 

Health should update its screening guidelines to include waist circumference measurement. 

The thesis supports recent recommendations from the Saudi Health Council for type 2 diabetes 

screening.  

Adopting cut-off points to define central obesity may underestimate the prevalence of 

obesity, as seen in the example of China in Chapter 1. Thus, literature from Saudi Arabia should 

not rely on the North American definition of central obesity.  
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This thesis used data from the first SHIS, collected in 2013. The SHIS is a national 

project supposed to be conducted periodically. Therefore, mistakes related to missing crucial 

variables should be avoided in future data collection. As a heterogeneous population of Saudi 

Arabia, variables related to ethnicity and race should be included in the forthcoming survey 

(Bakarman et al., 2015; Basheikh et al., 2021). Another missing variable was related to the 

participants’ adherence to the vitamin D supplement. Variables such as type, dose and length 

of use could explain the negative association between vitamin D supplements and the level of 

vitamin D in class 2. 

Another interesting finding in Chapter 2 was the correlation between sedentary 

behaviour and obesity. The issue of sedentary behaviour in Saudi Arabia needs integrated 

efforts in order to encourage physical activity. Many initiatives were launched in Saudi Arabia, 

such as “Saudi Arabia Is Walking” and “The Al-Haraka Baraka Physical Activity Promotional 

Initiative.” However, these initiatives are threatened to fail because of the lack of comfortable 

walking places. Again, a collaboration between the Saudi Ministry of Health and other 

administrations could encourage physical activity in Saudi Arabia.   

Lifestyle modification remains the cornerstone for any weight reduction strategy. 

Strategies for weight maintenance include continuing the high level of physical exercise, low-

calorie and low-fat diet, having breakfast, weight measuring regularly, continuing a healthy 

diet, and compensating high-calorie diet with more exercise (Rena R Wing & Phelan, 2005). 

However, solely weight reduction attempts usually result in failure and weight regain (An et 

al., 2019; Lopez et al., 2009). One of the eligibility criteria for bariatric surgeries is failure to 

reduce weight by changing lifestyle. Moreover, any patient complaining of obesity is 

susceptible to failure to reduce body weight, particularly morbidly obese patients. Treating 

physicians responsible for understanding why their patients failed to adopt a new lifestyle and 

helping them overcome these issues before directing them toward invasive procedures. 



170 

 

Changes in healthcare policies were associated with altering individual behaviour 

towards interventions. For example, expanding healthcare coverage to include gastric sleeve 

have increased its popularity. However, these changes have little impact on the Native 

Americans due to their geographical distribution. Thus, policy maker should adopt innovative 

strategies to enhance access to healthcare. One of these strategies is using technology such as 

smartphones and telemedicine. Although such technologies would not be sufficient to perform 

robotic bariatric surgery, they at least would help as a motivation tool and could be used to 

follow up with the bariatric or plastic surgeon without the need to travel long distances. 

The use of coding to indicate diagnosis and procedure, such as the ICD and CPT, were 

helpful in the HCUP data. However, the coding system must be updated more frequently to 

meet emerging procedures. For example, as CPT codes are used for coding outpatient 

procedures, new outpatient interventions in the field of bariatric therapy do not have a specific 

code and intragastric balloon therapy is one of them. The code 43999 is currently used for 

billing intragastric balloon therapy. 

Attempting to replicate a model in Chapter 4 has been proven failed. The revised 

CHEER checklist is more sensitive in detecting reporting issues. The reviewers are encouraged 

to adopt the CHEER checklist to enhance reporting transparency of in economic modelling 

research. 

Chapter 4 examined the cost-effectiveness of the intragastric balloon compared to other 

treatment strategies. However, the main disadvantage of the intragastric balloon is its short-

term effect. Usually, the patients regain weight after retrieving of the intragastric balloon.  

Because of its temporary effect, intragastric balloon therapy should be compared with short-

term interventions in future work, such as anti-obesity medications. 
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5.5 Future work 

The PhD thesis explored the role of unobserved heterogeneity affecting obesity, 

obesity-related comorbidities, treatment of obesity and management of complications of 

treatment and the cost-effectiveness of novel treatments for obesity. However, weaknesses and 

limitations experienced during the analyses are fertile ground for future research. This section 

will direct researchers’ efforts to the gap in literature, to validate and confirm the findings and 

to build on what is already known from this thesis. 

It must be remembered that the cut-off value for waist circumference used in this thesis 

is the cut-off of the US population. The cut-off value of waist circumference used in this thesis 

have been chosen based on the popularity of that value in the literature from Saudi Arabia and 

not based on sensitivity and specificity analysis. To the best of my knowledge, the cut-off value 

of waist circumference have not been studied in Saudi Arabia. Further research is encouraged 

to be undertaken to identify the cut-off value of waist circumference. 

Observed heterogeneity is a common issue in the observational study. The use of 

multivariate probit analysis was useful to explore unobserved heterogeneity in Chapter 2. 

Similarly, the accessibility to healthcare services is subject to unobserved heterogeneity. Thus, 

the use of the seemingly unrelated bivariate probit models is suggested as future work to 

explore unobserved heterogeneity. 

Another issue with observational studies is the effect of confounder. Confounders could 

have impacted the correlation of ethnicity and type of insurance with access to healthcare in 

Chapter 3. Minimising the effect of confounders in observational studies can be done by 

matching of those who received treatment with those who did not receive treatment based on 

pre-treatment variable. In this case, propensity score matching may be useful in future research 

followed by causal forest to examine heterogeneity in treatment effect. 
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The most common types contouring surgeries are panniculectomy and abdominoplasty. 

Both are done to treat abdominal sagging skin and cannot be done together to the same patients. 

However, patients can have either panniculectomy or abdominoplasty and another contouring 

surgery in different anatomical part of the body. For example, abdominoplasty and mastopexy 

can be done for the same patients. Nevertheless, not all patients would have similar types and 

numbers of contouring surgery due to unobserved heterogeneity such as their preference and 

satisfaction about the result. Thus, multivariate probit analysis can be used to explore evidence 

of unobserved heterogeneity in the uptake of post-bariatric contouring surgery is a future work 

area. 

5.6 Conclusion 

The thesis has examined a range of dimensions of obesity in terms of its impact on 

specific comorbidities, disparities in access to care and the cost-effectiveness of novel 

interventions in its treatment. Chapter 2 explored heterogeneity in the relationship between 

obesity, vitamin D, type 2 diabetes and hypertension. The analysis extends to explore the role 

of unobserved heterogeneity in the vitamin D distribution and its relation to obesity, type 2 

diabetes, and hypertension. Chapter 3 examined the ethnic disparities in the uptake of bariatric 

and post-bariatric surgeries in the United States. Chapter 4 evaluated the cost-effectiveness of 

intragastric balloon for treating obesity and explore the possibility of replicating an economic 

model. 

Overall, this thesis demonstrates a number of economic aspects of obesity including: i) 

obesity is a modifiable risk factor for costly chronic diseases and subsequent cost saving is 

associated with weight reduction; ii) failure of the health insurance system in the USA to meet 

patients’ needs; and iii) adoption of rigor reporting checklist would improve the quality of 

published economic evaluations. 
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Appendices 

Appendix 1. Result of multivariable probit model analysis for 45 years and above. 

(Female=286, male=410) 

 

 Diabetes Hypertension Vitamin D deficiency 

 Female Male Female Male Female Male 

Age 0.143 0.120 0.212 0.156 -0.018 0.050 

Age^2 -0.001 -0.001 -0.001 -0.001 0.000 -0.000 

Obesity -0.028 0.249 0.259 0.514 -0.057 0.469 

Central obesity 0.522 0.261 0.332 0.302 0.199 -0.420 

High income 0.401 0.180 -0.137 -0.052 -0.826 0.067 

Vitamin D level 0.006 0.002 0.002 0.004 - - 

Ever smoker - - -0.039 -0.082 - - 

Milk 

consumption 

- - - - -0.402 0.448 

Sun exposure - - - - 0.009 0.080 

Constant -6.441 -7.604 -8.211 -6.965 0.260 -3.167 

Rho Diabetes 1.000 1.000 0.102 0.246 0.142 -0.142 

Rho 

Hypertension 

0.102 0.246 1.000 1.000 0.135 -0.057 

Rho Vitamin D 

deficiency 

0.142 -0.142 0.135 -0.057 1.000 1.000 

Note: Bold values are statistically significant (p value <0.05).  

 

 

 

  



212 

 

Appendix 2. Logistic regression results of posterior probabilities for each FMM class 

 

  

Variables Class I 

Odd ratio 

Class II 

Odd ratio 

Class III 

Odd ratio 

Age 0.99 

(0.026)  

1.00 

(0.962) 

1.02 

(<0.001) 

Male 0.80 

(0.015) 

1.42 

(<0.001) 

1.075 

(0.036) 

Laban 0.96 

(0.025) 

1.05 

(0.003) 

0.997 

(0.899) 

Yogurt 1.04 

(0.041) 

0.96 

(0.076) 

0.98 

(0.478) 

Cheese 1.02 

(0.313) 

1.00 

(0.866) 

0.94 

(0.019) 

Daily sun exposure 0.999 

(0.367) 

1.00 

(0.025) 

0.996 

(0.042) 

Current smoker 1.28 

(0.082) 

0.71 

(0.021) 

1.63 

(0.018) 

Fish consumption 0.95 

(0.066) 

1.07 

(0.032) 

0.99 

(0.794) 

Vitamin D supplement  0.68 

(0.085) 

1.17 

(0.478) 

1.90 

(0.014) 

Notes: p value reported in parenthesis and statistically significant values are presented in bold. 

The result is adjusted for consumption of milk, labneh and egg, BMI, waist circumference, 

HbA1c and intense sport. 
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Appendix 3. CPT and ICD coding systems.  

Documentation of health services provided is critically important for the reimbursement 

process. In the United States, healthcare provider should use proper codes for diagnosis and for 

the procedure performed in order to claim reimbursement from a third-party payer (Beck & 

Margolin, 2007). Two coding system are used: the International Classification of Disease 

(ICD) and the Current Procedural Terminology (CPT). 

Each coding system has its unique features and uses. Comparing the ICD 9th version versus the 

10th version, the 10th version codes are longer and more specific to the area and laterality (side 

of the body) in the case of contouring procedures for example. The 9th version were released 

in 1975 and the 10th version were released in 1990 but not implemented in the United States 

until the first of October 2015 (Green, 2018). Both of the 9th version and the 10th version of the 

ICD codes contains diagnoses codes and codes for procedures. 

On the other hand, CPT coding system is used to report procedures only. However, not all 

procedures are reported using CPT codes. In the United States, the ICD procedures codes are 

used to code inpatient procedure (Green, 2018). While CPT codes are used for outpatient 

procedures. 

Appendix 4. ICD 9 and ICD 10 used to identify patients with diabetes type 2 and blood 

hypertension. 

Obesity-related comorbidity ICD9 ICD10 

Diabetes type 2 25000 
25002 
25010 
25020 
25040 
25050 
36641 
25060 
3572 
3559 
25070 
25080 
25030 
25090 
24920 

E1100 
E1101 
E1121 
E1122 
E1129 
E11311 
E11319 
E113211 
E113212 
E113213 
E113219 
E113291 
E113292 
E113293 
E113299 
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36202 
2721 
 
 
 

E113311 
E113312 
E113313 
E113319 
E113391 
E113392 
E113393 
E113399 
E113411 
E113412 
E113413 
E113419 
E113491 
E113492 
E113493 
E113499 
E113511 
E113512 
E113513 
E113519 
E113521 
E113522 
E113523 
E113529 
E113531 
E113532 
E113533 
E113539 
E113541 
E113542 
E113543 
E113549 
E113551 
E113552 
E113553 
E113559 
E113591 
E113592 
E113593 
E113599 
E1136 
E1137X1 
E1137X2 
E1137X3 
E1139 
E1140 
E1141 
E1142 
E1143 
E1144 
E1149 
E1151 
E1152 
E1159 
E11610 
E11618 
E11620 
E11621 
E11622 
E11628 
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E11630 
E11638 
E11641 
E11649 
E11665 
E11669 
E118 
E119 
E1300 
E1301 
E1310 
E1311 
E1321 
E1322 
E1329 
E13311 
E13319 
E133211 
E133212 
E133213 
E133219 
E133291 
E133292 
E133293 
E133299 
E133311 
E133312 
E133313 
E133319 
E133391 
E133392 
E133393 
E133399 
E133411 
E133412 
E133413 
E133419 
E133491 
E133492 
E133493 
E133499 
E133511 
E133512 
E133513 
E133519 
E133521 
E133522 
E133523 
E133529 
E133531 
E133532 
E133533 
E133539 
E133541 
E133542 
E133543 
E133549 
E133551 
E133552 
E133553 
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E133559 
E133591 
E133592 
E133593 
E133599 
E1336 
E1337X1 
E1337X2 
E1337X3 
E1337X9 
E1339 
E1340 
E1341 
E1342 
E1343 
E1344 
E1349 
E1351 
E1352 
E1359 
E13610 
E13618 
E13620 
E13621 
E13622 
E13628 
E13630 
E13638 
E13641 
E13649 
E1365 
E1369 
E138 
E139 
E781 

Hypertension 4010 
4011 
4019 

I10 
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Appendix 5. Sensitivity analysis of the logistic regression on uptake of bariatric surgery  

 

The population used in the sensitivity analysis include: 

- The main population defined in our Method section, N = 1,729,245 

- The SA cohort: those with a diagnosis code of morbid obesity + BMI>40 + (No hypertension/diabetes type 2): N = 367676 

 

In the sensitivity analysis, the logistic regression model for pooled data comprised 2,065,848 observations. 

 

 Model 1 Model 2 Model 3 Model 4 

OR 
95% CI OR 95% CI OR 95% CI OR 95% CI 

Lower Upper  Lower Upper  Lower Upper  Lower Upper 

White 

Americans 
Ref  Ref  Ref  Ref  

Native 

Americans 
0.627*** 0.584 0.675 0.635*** 0.588 0.685 0.539*** 0.499 0.581 0.692*** 0.64 0.748 

Black 

Americans 
0.805*** 0.794 0.817 0.716*** 0.705 0.727 0.602*** 0.593 0.611 0.738*** 0.727 0.75 

Asian 

Americans 
1.058 0.999 1.121 0.654*** 0.614 0.697 0.814*** 0.766 0.865 0.722*** 0.677 0.771 

Hispanic 

Americans 
1.283*** 1.262 1.304 1.114*** 1.094 1.135 0.866*** 0.851 0.881 1.088*** 1.067 1.108 

Other races/ 

ethnicities 
1.655*** 1.609 1.702 1.418*** 1.374 1.464 1.280*** 1.242 1.32 1.407*** 1.362 1.453 

Note: This table presents the results from four sets of logistic regression analysis combined with linear splines without weighting variable. Model 1: 

unadjusted model. Model 2: adjusted for demographic and socioeconomic variables Insurance type, gender, age at admission, median household 

income for patient's ZIP Code, location. Model 3: adjusted for clinical variables. Model 4: fully adjusted model for all demographic, socioeconomic 

and clinical variables. * p<0.05, ** p<0.01, *** p<0.001. CI – Confidence intervals. 
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Full results (Using Model 4 from Appendix 3):  

pri_bariatric Odds Ratio Std. Err. z P>z 

95% Confidence 

Interval 

       

1.native 0.692 0.028 -9.240 <0.001 0.640 0.748 

1.black 0.738 0.006 -37.350 <0.001 0.727 0.750 

1.asian 0.722 0.024 -9.840 <0.001 0.677 0.771 

1.hispanic 1.088 0.010 8.770 <0.001 1.067 1.108 

1.other_ethnic 1.407 0.023 20.580 <0.001 1.362 1.453 

1.medicaid 0.779 0.010 -19.040 <0.001 0.759 0.799 

1.medicare 1.122 0.015 8.840 <0.001 1.094 1.151 

1.private_ins 2.446 0.028 78.460 <0.001 2.392 2.501 

       

FEMALE#agecat10       

Male#40-46y 0.949 0.018 -2.770 0.006 0.915 0.985 

Male#47-51y 0.887 0.017 -6.130 <0.001 0.853 0.921 

Male#52-55y 0.966 0.020 -1.670 0.095 0.927 1.006 

Male#56-58y 0.879 0.019 -5.870 <0.001 0.842 0.918 

Male#59-62y 0.963 0.022 -1.630 0.103 0.921 1.008 

Male#63-65y 1.057 0.029 2.010 0.045 1.001 1.115 

Male#66-69y 1.119 0.031 4.060 <0.001 1.060 1.181 

Male#70-75y 1.019 0.039 0.490 0.625 0.946 1.097 

Male#>=76y 0.260 0.027 -13.150 <0.001 0.212 0.317 

Female#<= 39y 1.996 0.030 45.810 <0.001 1.938 2.056 

Female#40-46y 1.765 0.027 36.920 <0.001 1.712 1.819 

Female#47-51y 1.665 0.026 32.470 <0.001 1.614 1.717 

Female#52-55y 1.932 0.031 40.620 <0.001 1.872 1.994 

Female#56-58y 1.865 0.031 37.580 <0.001 1.805 1.926 

Female#59-62y 1.801 0.032 33.510 <0.001 1.740 1.864 

Female#63-65y 1.917 0.038 32.700 <0.001 1.844 1.993 

Female#66-69y 1.588 0.033 22.010 <0.001 1.524 1.655 

Female#70-75y 1.111 0.032 3.700 <0.001 1.051 1.175 

Female#>=76y 0.180 0.014 -21.700 <0.001 0.155 0.211 

       

income1 0.571 0.005 -60.480 <0.001 0.561 0.581 

income2 0.708 0.006 -39.350 <0.001 0.696 0.721 

income3 0.789 0.007 -28.420 <0.001 0.776 0.802 

       

location       

Large metro 1.000 0.008 -0.040 0.971 0.984 1.015 

Medium metro 1.159 0.010 17.870 <0.001 1.140 1.178 
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Small metro 1.041 0.012 3.650 <0.001 1.019 1.064 

Micropolitan 1.666 0.021 40.300 <0.001 1.625 1.708 

Not metropolitan or 

Micropolitan 1.428 0.020 25.090 <0.001 1.389 1.468 

       

ACCI 0.575 0.002 -191.800 <0.001 0.572 0.578 

1.diab_type2 1.656 0.012 70.270 <0.001 1.633 1.680 

1.hypertension 1.184 0.007 27.320 <0.001 1.170 1.199 

1.private_hosp 1.228 0.013 20.130 <0.001 1.204 1.253 

1.urban_hosp 2.854 0.050 59.780 <0.001 2.757 2.953 

1.teaching_hosp 1.306 0.008 43.210 <0.001 1.290 1.322 

       

HOSP_BEDSIZE       

Medium 1.107 0.009 11.880 <0.001 1.089 1.126 

Large 0.933 0.008 -8.570 <0.001 0.919 0.948 

       

YEAR 1.023 0.001 18.090 <0.001 1.021 1.026 

_cons 0.000 0.000 -19.450 <0.001 0.000 0.000 
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Appendix 6. Trends in specific types of procedure by ethnic group.  

 

 

 

0

0.2

0.4

0.6

0.8

1

2008 2009 2010 2011 2012 2013 2014 2015 2016

Figure a
The proportion of eligible admissions receiving laparoscopic 

sleeve gastrectomy among those who received bariatric 
surgeries over time by ethnic groups 
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Figure b 
The proportion of eligible admissions receiving laparoscopic 
gastric bypass among those who received bariatric surgeries 

over time by ethnic groups
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Figure c
The proportion of eligible admissions receiving adjustable 

gastric band (both open and laparoscopic adjustable gastric 
band) among those who received bariatric surgeries over time 

by ethnic groups
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Figure d
The proportion of eligible admissions receiving open gastric 

bypass among those who received bariatric surgeries over time 
by ethnic groups
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Figure e
The proportion of eligible admissions receiving laparoscopic 

adjustable gastric band 
among those who received bariatric surgeries over time by 

ethnic groups
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Figure f
The proportion of eligible admissions receiving open adjustable 

gastric band among those who received bariatric surgeries 
over time by ethnic groups
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Appendix 7. Main logistic model on bariatric surgery, fully adjusted (Model 4).  

pri_bariatric 

Odds 

Ratio 

Std. 

Err. z P>z 

95% Confidence 

Interval 

       

1.native 0.722 0.033 -7.170 <0.001 0.661 0.790 

1.black 0.711 0.007 -36.300 <0.001 0.699 0.725 

1.asian 0.838 0.031 -4.750 <0.001 0.779 0.902 

1.hispanic 1.077 0.012 6.470 <0.001 1.053 1.102 

1.other_ethnic 1.365 0.027 15.900 <0.001 1.314 1.418 

REF white       

1.medicaid 0.814 0.013 -13.090 <0.001 0.790 0.840 

1.medicare 1.252 0.019 14.930 <0.001 1.215 1.289 

1.private_ins 2.671 0.036 72.900 <0.001 2.601 2.743 

REF others       

       

FEMALE#agecat10       

0  2 0.921 0.018 -4.180 <0.001 0.886 0.957 

0  3 0.817 0.017 -9.630 <0.001 0.784 0.851 

0  4 0.866 0.020 -6.300 <0.001 0.829 0.906 

0  5 0.739 0.019 -11.910 <0.001 0.703 0.777 

0  6 0.921 0.023 -3.250 0.001 0.876 0.968 

0  7 0.977 0.031 -0.730 0.464 0.918 1.040 

0  8 1.107 0.033 3.410 0.001 1.044 1.174 

0  9 0.902 0.039 -2.410 0.016 0.829 0.981 

0 10 0.161 0.021 -14.120 <0.001 0.125 0.208 

1  1 2.321 0.037 52.710 <0.001 2.250 2.395 

1  2 1.921 0.031 39.800 <0.001 1.860 1.983 

1  3 1.666 0.028 29.970 <0.001 1.611 1.723 

1  4 1.837 0.033 33.880 <0.001 1.773 1.903 

1  5 1.505 0.029 21.220 <0.001 1.449 1.563 

1  6 1.595 0.032 23.330 <0.001 1.534 1.659 

1  7 1.517 0.036 17.380 <0.001 1.447 1.589 

1  8 1.428 0.034 14.950 <0.001 1.363 1.496 

1  9 0.808 0.028 -6.090 <0.001 0.754 0.865 

1 10 0.103 0.011 -21.740 <0.001 0.084 0.127 

       

income1 0.543 0.006 -56.860 <0.001 0.531 0.554 

income2 0.696 0.007 -35.730 <0.001 0.683 0.710 

income3 0.784 0.008 -25.100 <0.001 0.769 0.799 

REF income quartile 

4       

       

location       

Fringe counties of 

metro areas of >=1 0.975 0.009 -2.740 0.006 0.957 0.993 
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million population 

(large metro) 

Counties in metro 

areas of 250,000-

999,999 population 

(medium metro) 1.164 0.011 15.950 <0.001 1.143 1.186 

Counties in metro 

areas of 50,000-

249,999 population 

(small metro) 1.047 0.013 3.590 <0.001 1.021 1.073 

Micropolitan 

counties 1.716 0.025 37.530 <0.001 1.668 1.765 

Not metropolitan or 

micropolitan 

counties 1.451 0.023 23.080 <0.001 1.406 1.498 

REF central counties       

       

ACCI 0.593 0.002 

-

159.430 <0.001 0.589 0.597 

1.diab_type2 1.702 0.014 66.860 <0.001 1.676 1.729 

1.hypertension 1.348 0.014 29.140 <0.001 1.321 1.376 

1.private_hosp 1.196 0.014 15.360 <0.001 1.169 1.223 

1.urban_hosp 2.950 0.058 54.610 <0.001 2.838 3.067 

1.teaching_hosp 1.306 0.009 37.810 <0.001 1.288 1.324 

       

HOSP_BEDSIZE       

Medium 1.146 0.011 13.600 <0.001 1.123 1.168 

Large 0.970 0.009 -3.290 0.001 0.952 0.988 

REF small       

       

YEAR 1.020 0.001 14.420 <0.001 1.018 1.023 

_cons 0.000 0.000 -15.750 <0.001 0.000 0.000 
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Appendix 8. CPT codes for contouring surgeries.  
 

Procedure Code 

Panniculectomy 15830 

Abdominoplasty 15830 + 15847 

Modified abdominoplasty 17999 

Thighplasty 15832 

Excision of excessive leg skin 15833 

Excision of excessive hip skin 15834 

Excision of excessive buttock skin 15835 

Brachioplasty 15836 

Excision of excessive forearm skin 15837 

Excision of excessive submental skin 15838 

Excision of excessive skin of other area 15839 

Mastectomy for gynecomastia 19300 

Mastopexy 19316 

 

 

Appendix 9. ICD 10 codes of the common diagnoses of patients presented for 

contouring surgery. 

 

Condition ICD 10 

Pannus E65 

Hypertension I10 

GERD K219 

Panniculitis M793 

Erythema intertrigo  L304 

Nicotine dependence Z87891 

Lipodystrophy E881 

Type 2 diabetes mellitus E119 

On medication for long term  Z79899 

Obesity E669 

Depression F329 

Breast ptosis N6481 

Abnormal weight loss R634 

Cosmetic reason Z411 

Breast hypoplasia N6482 

 

 

Appendix 10. Total charge for solo procedure in US dollar.  

 

 

  

Procedure Weighted sample size Median Interquartile range 

Panniculectomy  1,440 25,178 17,393 – 36,834 

Abdominoplasty 1,048 24,656 17,343 – 35,386 

Mastopexy 116 27,130 18,755 – 41,054 
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Appendix 11. Philips’s checklist.  

 

Quality criterion  Question  Response Comments 

S1 - Statement of 

decision 

problem/objective 

Is there a clear statement 

of the decision problem? 

Yes Quote: “It is not yet known 

whether the therapy 

provides good value for its 

costs relative to existing 

bariatric surgery.” 

 Is the objective of the 

model specified and 

consistent with the stated 

decision problem? 

Yes Quote: “To establish the 
cost-effectiveness of 
the therapy relative to 
the 2 most common 
bariatric surgery 
procedures (gastric 
bypass and sleeve 
gastrectomy) over a 
lifetime horizon.” 

 Is the primary decision 

maker specified? 

No  

S2 - Statement of 

scope/perspective 

Is the perspective of the 

model stated clearly? 

Yes Health system 

 Are the model inputs 

consistent with the stated 

perspective? 

Yes Quote: “Costs were 

estimated from the health 

system perspective using 

US data.” 

 Has the scope of the 

model been stated and 

justified? 

Yes The chosen interventions 

has been described and its 

selection were justified. 

 Are the outcomes of the 

model consistent with the 

perspective, scope and 

overall objective of the 

model? 

Yes Incremental cost-

effectiveness ratio 

S3 - Rationale for 

structure 

Is the structure of the 

model consistent with a 

coherent theory of the 

health condition under 

evaluation? 

Yes Model structure  

 Are the sources of the 

data used to develop the 

structure of the model 

specified? 

Yes Sources of the data were 

specified. 

 Are the causal 

relationships described 

by the model structure 

justified appropriately? 

Yes  

S4 – Structural 

assumption 

Are the structural 

assumptions transparent 

and justified? 

Yes  
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 Are the structural 

assumptions reasonable 

given the overall 

objective, perspective 

and scope of the model? 

Yes  

S5 – 

Strategies/comparators 

Is there a clear definition 

of the options under 

evaluation? 

Yes Both aspiration therapy 

and bariatric surgeries 

were fully described. 

 Have all feasible and 

practical options been 

evaluated? 

No  

 Is there justification for 

the exclusion of feasible 

options? 

No  

S6 – Model type Is the chosen model type 

appropriate given the 

decision problem and 

specified casual 

relationships within the 

model? 

Yes  

S7 - Time horizon Is the time horizon of the 

model sufficient to reflect 

all important differences 

between the options? 

Yes Lifetime horizon 

 Are the time horizon of 

the model and the 

duration of treatment 

described and justified? 

No  

S8 – Disease states Do the disease states 

(state transition model) or 

the pathways (decision 

tree model) reflect the 

underlying biological 

process of the disease in 

question and the impact 

of interventions? 

Yes  

S – 9 Cycle length Is the cycle length 

defined and justified in 

terms of the natural 

history of disease? 

Yes  

D1 – Data 

identification 

Are the data 

identification methods 

transparent and 

appropriate given the 

objectives of the model? 

Yes  

 Where choices have been 

made between data 

sources are these justified 

appropriately? 

Yes  
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 Has particular attention 

been paid to identifying 

data for the important 

parameters of the model? 

Yes  

 Has the quality of the data 

been assessed 

appropriately? 

No  

 Where expert opinion has 

been used are the 

methods described and 

justified? 

NA  

D2 – Data modelling Is the data modelling 

methodology based on 

justifiable statistical and 

epidemiological 

techniques? 

No  

D2a - Baseline data Is the choice of baseline 

data described and 

justified? 

Yes Prevalence of obesity in 

the US 

 Are transition 

probabilities calculated 

appropriately? 

No  

 Has a half-cycle 

correction been applied to 

both costs and outcomes? 

N/A  

 If not, has the omission 

been justified? 

N/A  

D2b - Treatment 

effects 

If relative treatment 

effects have been derived 

from trial data, have they 

been synthesised using 

appropriate techniques? 

N/A  

 Have the methods and 

assumptions used to 

extrapolate short-term 

results to final outcomes 

been documented and 

justified? 

No  

 Have alternative 

extrapolation 

assumptions been 

explored through 

sensitivity analysis? 

Yes  

 Have assumptions 

regarding the continuing 

effect of treatment once 

treatment is complete 

been documented and 

justified? 

N/A  



229 

 

 Have alternative 

assumptions regarding 

the continuing effect of 

treatment been explored 

through sensitivity 

analysis 

No  

D2c - Costs 

 

Are the costs 

incorporated into the 

model justified? 

Yes  

 Has the source for all 

costs been described? 

Yes  

 Have discount rates been 

described and justified 

given the target decision 

maker? 

Yes  

D2d - Quality of life 

weight (utilities) 

 

Are the utilities 

incorporated into the 

model appropriate? 

Yes  

 Is the source of utility 

weights referenced? 

Yes  

 Are the methods of 

derivation for the utility 

weights justified? 

No  

D3 - Data 

incorporation 

 

Have all data 

incorporated into the 

model been described and 

referenced in sufficient 

detail? 

Yes  

 Has the use of mutually 

inconsistent data been 

justified (i.e. are 

assumptions and choices 

appropriate)? 

Yes  

 Is the process of data 

incorporation 

transparent? 

No  

 If data have been 

incorporated as 

distributions, has the 

choice of distributions for 

each parameter been 

described and justified? 

N/A  

 If data have been 

incorporated as 

distributions, is it clear 

that second order 

uncertainty is reflected? 

N/A  

D4 - Assessment of 

uncertainty 

 

Have the four principal 

types of uncertainty been 

addressed? 

No  



230 

 

 If not, has the omission of 

particular forms of 

uncertainty been 

justified? 

No  

D4a - Methodological Have methodological 

uncertainties been 

addressed by running 

alternative versions of the 

model with different 

methodological 

assumptions? 

No  

D4b - Structural Is there evidence that 

structural uncertainties 

have been addressed via 

sensitivity analysis? 

Yes  

D4c - Heterogeneity Has heterogeneity been 

dealt with by running the 

model separately for 

different subgroups? 

No  

D4d - Parameter 

 

Are the methods of 

assessment of parameter 

uncertainty appropriate? 

Yes  

 If data are incorporated as 

point estimates, are the 

ranges used for 

sensitivity analysis stated 

clearly and justified? 

Yes  

C1 - Internal 

consistency 

Is there evidence that the 

mathematical logic of the 

model has been tested 

thoroughly before use? 

No  

C2 - External 

consistency 

 

Are any counterintuitive 

results from the model 

explained and justified? 

N/A  

 If the model has been 

calibrated against 

independent data, have 

any differences been 

explained and justified? 

No  

 Have the results been 

compared with those of 

previous models and any 

differences in results 

explained? 

No  
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Appendix 12. CHEERS 2022 Checklist. 

Topic No. Item 
Location where 

item is reported 

Title    

1 Identify the study as an economic 

evaluation and specify the interventions 

being compared. 

Title, Page 1470 

Abstract    

2 Provide a structured summary that 

highlights context, key methods, 

results, and alternative analyses. 

Abstract, Page 

1470 

Introduction    

Background and 

objectives 
3 Give the context for the study, the study 

question, and its practical relevance for 

decision making in policy or practice. 

Introduction, Page 

1470 

Methods    

Health economic 

analysis plan 
4 Indicate whether a health economic 

analysis plan was developed and where 

available. 

Not Reported 

Study population 5 Describe characteristics of the study 

population (such as age range, 

demographics, socioeconomic, or 

clinical characteristics). 

Methods/Model 

Inputs, Page 1471 

Setting and location 6 Provide relevant contextual information 

that may influence findings. 
Not Reported 

Comparators 7 Describe the interventions or strategies 

being compared and why chosen. 
Not Reported 

Perspective 8 State the perspective(s) adopted by the 

study and why chosen. 
Methods/Cost, 

1473 

Time horizon 9 State the time horizon for the study and 

why appropriate. 
Methods/Cost-

Effectiveness 

Analysis, 1473 

Discount rate 10 Report the discount rate(s) and reason 

chosen. 
Model, 1473 

Selection of outcomes 11 Describe what outcomes were used as 

the measure(s) of benefit(s) and 

harm(s). 

Methods, 1471 

Measurement of 

outcomes 
12 Describe how outcomes used to capture 

benefit(s) and harm(s) were measured. 
Methods, 1473 

Valuation of outcomes 13 Describe the population and methods 

used to measure and value outcomes. 
Not Reported 
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Topic No. Item 
Location where 

item is reported 

Measurement and 

valuation of resources 

and costs 

14 Describe how costs were valued. Not Reported 

Currency, price date, 

and conversion 
15 Report the dates of the estimated 

resource quantities and unit costs, plus 

the currency and year of conversion. 

Methods, 1473 

Rationale and 

description of model 
16 If modelling is used, describe in detail 

and why used. Report if the model is 

publicly available and where it can be 

accessed. 

Methods, 1471 

Analytics and 

assumptions 
17 Describe any methods for analysing or 

statistically transforming data, any 

extrapolation methods, and approaches 

for validating any model used. 

Not Reported 

Characterising 

heterogeneity 
18 Describe any methods used for 

estimating how the results of the study 

vary for subgroups. 

Not Reported 

Characterising 

distributional effects 
19 Describe how impacts are distributed 

across different individuals or 

adjustments made to reflect priority 

populations. 

Not Reported 

Characterising 

uncertainty 
20 Describe methods to characterise any 

sources of uncertainty in the analysis. 
Not Reported 

Approach to 

engagement with 

patients and others 

affected by the study 

21 Describe any approaches to engage 

patients or service recipients, the 

general public, communities, or 

stakeholders (such as clinicians or 

payers) in the design of the study. 

Not Reported 

Results    

Study parameters 22 Report all analytic inputs (such as 

values, ranges, references) including 

uncertainty or distributional 

assumptions. 

Not Reported 

Summary of main 

results 
23 Report the mean values for the main 

categories of costs and outcomes of 

interest and summarise them in the 

most appropriate overall measure. 

Not Reported 

Effect of uncertainty 24 Describe how uncertainty about analytic 

judgments, inputs, or projections affect 

findings. Report the effect of choice of 

discount rate and time horizon, if 

applicable. 

Not Reported 
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Topic No. Item 
Location where 

item is reported 

Effect of engagement 

with patients and others 

affected by the study 

25 Report on any difference patient/service 

recipient, general public, community, or 

stakeholder involvement made to the 

approach or findings of the study 

Not Reported 

Discussion    

Study findings, 

limitations, 

generalisability, and 

current knowledge 

26 Report key findings, limitations, ethical 

or equity considerations not captured, 

and how these could affect patients, 

policy, or practice. 

Discussion 

Other relevant 

information 
   

Source of funding 27 Describe how the study was funded and 

any role of the funder in the 

identification, design, conduct, and 

reporting of the analysis 

End of manuscript 

Conflicts of interest 28 Report authors conflicts of interest 

according to journal or International 

Committee of Medical Journal Editors 

requirements. 

End of manuscript 

  

From: Husereau D, Drummond M, Augustovski F, et al. Consolidated Health Economic 
Evaluation Reporting Standards 2022 (CHEERS 2022) Explanation and Elaboration: A Report 
of the ISPOR CHEERS II Good Practices Task Force. Value Health 2022;25. 
doi:10.1016/j.jval.2021.10.008 
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Appendix 13. Updated model parameters.  

 

      

Variable Gastric 
balloon 

Aspiration 
therapy 

Gastric 
bypass 

Sleeve 
gastrectomy 

Sources 

Percent 
excess weight 
loss  

17.98 (8.37 
– 27.56)  

   (Kotinda et al., 
2020) 

Year 1  37.1 (31.0 – 
43.1) 

70.2 (53.7 – 
86.8) 

64.8 (48.3 – 81.3) (C. C. Thompson 
et al., 2019) 
(Wölnerhanssen 
et al., 2021) 

Year 2 9  40.8 (32.9 – 
48.7) 

69.15 
(54.50 – 
83.90)  

62.75 (48.05 – 
77.40) 

(C. C. Thompson 
et al., 2019)  

Year 3  44.7 (31.5 – 
48.7) 

68.1 (55.3 – 
81.0) 

60.7 (47.8 – 73.5) (C. C. Thompson 
et al., 2019) 
(Wölnerhanssen 
et al., 2021) 

Year 4 10  50.8 (33.1 – 
68.5) 

65.15 
(53.20 – 
77.10) 

57.40 (45.45 – 
69.30) 

(C. C. Thompson 
et al., 2019) 

Year 5  50.8 (33.1 – 
68.5) 

62.2 (51.1 – 
73.2) 

54.1 (43.1 – 65.1) (Wölnerhanssen 
et al., 2021) 

      

Percent total 
weight loss  

13 (12 - 14) 18.7 (12.2 – 
25.2) 

27.2 (23.4 – 
31.1) 

23.7 (19.9 – 27.6) (Kumar et al., 
2017) (C. C. 
Thompson et 
al., 2019) 
(Wölnerhanssen 
et al., 2021) 

      

Early 
deflation 

0.0076    (A. Genco, 
Bruni, et al., 
2005) 

      

Complications      

Minor early 0.899 
(0.891 – 
0.907) 

0.00 0.171 
(0.128 – 
0.214) 

0.074 (0.055 – 
0.093) 

(Trang et al., 
2018) (Mital & 
Nguyen, 2021) 

Major early 0.052 
(0.048 – 
0.056) 

0.00 0.094 
(0.070 – 
0.118) 

0.058 (0.073 – 
0.103) 

(Trang et al., 
2018) (Mital & 
Nguyen, 2021) 

Minor late 0.00 0.00 0.109 
(0.082 – 
0.136) 

0.107 (0.08 - 
.0134) 

(Mital & 
Nguyen, 2021) 

 
9 Percent of excess weight loss for gastric bypass and sleeve gastrectomy were calculated as the average percent 

of excess weight loss for year 1 and year 3. 
10 Percent of excess weight loss for gastric bypass and sleeve gastrectomy were calculated as the average percent 

of excess weight loss for year 3 and year 5. 
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Major late 11 0.00 0.047 (0.035 
- 0.059) 

0.151 
(0.113 – 
0.189) 

0.083 (0.062 – 
0.104) 

(Mital & 
Nguyen, 2021) 
(C. C. Thompson 
et al., 2019) 

      

Mortality      

Peri-
operation 

0.00 0.00 0.0003 – 
0.002 

0.0003 – 0.002 (Fittipaldi-
Fernandez et 
al., 2020) (C. C. 
Thompson et 
al., 2019) 
(Arterburn et 
al., 2020) 

Post-
operation 

0.00 0.034 0.0056 0.0056 (Fittipaldi-
Fernandez et 
al., 2020) (C. C. 
Thompson et 
al., 2019) 
(Lazzati et al., 
2021) 

      

Cost of 
intervention 

6,967 
(5,000 – 
9,000) 

11,000 
(7,000 – 
13,000) 

24,300 
(15,300 – 
57,500) 

19,000 (12,602 – 
58,367) 

(AspireAssist 
Weight Loss 
Procedure - 
Insurance 
Options, n.d.) 
(Quinlan, 2021) 
Online survey 

      

Cost of follow 
up visits 

     

Year 1  1,288 (966 – 
1,610) 

966 (725 – 
1,208) 

805 (604 – 1,006) (Alsumali et al., 
2018) 

Year 2  644 (483 – 
805) 

322 (242 – 
403) 

322 (242 – 403) (Alsumali et al., 
2018) 

Year 3  644 (483 – 
805) 

161 (121 - 
201) 

161 (121 - 201) (Alsumali et al., 
2018) 

Year 4  644 (483 – 
805) 

161 (121 - 
201) 

161 (121 - 201) (Alsumali et al., 
2018) 

Year 5  644 (483 – 
805) 

161 (121 - 
201) 

161 (121 - 201) (Alsumali et al., 
2018) 

 
11 Standard deviation of the Aspiration therapy late complications were calculated as ± 25%. 
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Annual cost 
of vitamins 
supplement 

  511  (Gasteyger et 
al., 2008) 

      

Annual 
healthcare 
cost 

     

Not obese 2,504.48 (2,280.31 - 2,728.66) (Cawley et al., 
2021) 

Obese 1 4,217.92 (4,008.82 -  4,427.03) (Cawley et al., 
2021) 

Obese 2 5,509.81 (4,936.03 - 6,083.59) (Cawley et al., 
2021) 

Obese 3 8,354.17 (6,704.00 - 10,004.35) (Cawley et al., 
2021) 

      

 

We assumed that no interventions would not change the state of obesity. 

Minor complications of gastric balloon are abdominal pain, nausea, vomiting, reflux 

symptoms/erosive esophagitis, eructation, dyspepsia (Laing et al., 2017). 

Major complications of gastric balloon are gastric ulceration, dehydration, luminal obstruction, 

esophageal or gastric perforation, deflation or early removal (Laing et al., 2017). 

The cost of Aspireassist is inclusive of initial procedure, A-tube replacement and follow-up visit 

(AspireAssist Weight Loss Procedure - Insurance Options, n.d.). 

The Aspireassit follow-up visit were reported as suggested by the Aspireassit clinical guidelines   

All cost were inflation-adjusted to 2020 USA dollar using the U.S. BUREAU OF LABOR STATISTICS’s 

Consumer Price Index calculator (CPI Inflation Calculator, n.d.). 
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Appendix 14. Ethical approval. 
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Appendix 15. Survey protocol. 

Title of Project 

An appraisal of the cost and reported effects of endoscopic devices for weight loss 

 

Research team 

Dr. Ibrahim Al Sumaih, Student, Centre for Public Health, Queen’s University Belfast 

Prof. Ciaran O’Neill, Professor, Centre for Public Health, Queen’s University Belfast 

Prof. Michael Donnelly, Professor, Centre for Public Health, Queen’s University Belfast 

 

Aim:  

• To assess the cost of endoscopic balloon therapy and its effects in terms of weight 

reduction  

Background: 

The prevalence of obesity is increasing globally (Afshin et al., 2017). In 2015, more than 38% 

of US adults were obese which represents an 8 percentage point increase in prevalence since 

2000 (Devaux et al., 2017). The seriousness of obesity lies in the fact that it increases the risk 

of a long list of acute and chronic diseases. Obesity contributes to morbidity, mortality and has 

an economic impact for individuals and the economy as a whole (Dee et al., 2014; Guh et al., 

2009). This increases the urgency with which cost-effective solutions to its management must 

be sought. In the US, most third-party payers reimburse weight reduction medications as well 

as weight reduction surgeries (Crémieux et al., 2010). However, both options have some 

disadvantages and would not suit all the patients with obesity.  

Intragastric balloon therapy was developed in the 1980s. At that time the cost for insertion and 

retrieval was estimated at around $4,000 US dollars (Hogan et al., 1989). Older versions of 

intragastric balloon were banned and withdrawn from the market after the discovery of design 

defects that were responsible for serious complications (Gleysteen, 2016). More recent 

intragastric balloons have been redesigned to be much safer and recently, the US Food and 

Drug Administration has approved the safety of a number of intragastric balloon devices 

(Gleysteen, 2016).  

The intragastric balloon therapy has gained popularity in the past few years. The American 

Society for Metabolic and Bariatric Surgery estimated the number of intragastric balloon 

insertion procedures to exceed 6,000 in 2016 (Estimate of Bariatric Surgery Numbers, 2011-

2018 | American Society for Metabolic and Bariatric Surgery, n.d.). However, the insertion and 

removal of the intragastric balloon is not usually covered by health insurance in the US 

(National Coverage Determination (NCD) for Gastric Balloon for Treatment of Obesity 

(100.11), n.d.). The lack of insurance coverage could be due to the small number of studies 

exploring the effects of intragastric balloon especially over the longer term. Another reason is 
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related to the lack of cost and cost-effectiveness studies (Balao intragastrico no tratamento da 

obesidade [Intragastric balloon for treating obesity], n.d.).  

While prices for intragastric balloons are quoted by commercial suppliers, their composition is 

unclear given they are commonly presented as a package and include profit margins. These 

prices range from $6,000 in Columbus to $9,340 in Chicago with an average of $7,500 (Gastric 

Balloon Cost Comparison [2018] US, Mexico, Canada, Australia, n.d.), demonstrating 

geographic variation though what underpins this is unclear.  

Moreover, most of the steps involved in inserting the balloon and retrieving it are like the step 

of upper gastrointestinal endoscopy, and for this reason, experts expected the physician fee for 

intragastric balloon placement would be close to the upper gastrointestinal endoscopy (Garber, 

n.d.). Other costs related to the intragastric balloon procedure are not easy to predict. The 

paucity of data in relation to cost and effects represent a significant gap in our understanding 

of the value of this therapy relative to other treatments and may inhibit it wider adoption. 

Recruitment: 

The endoscopic procedures are usually done by expert gastroenterologists and, so, we will 

target recruitment towards this professional group. We expect physicians in a US context to be 

familiar with the costs because these conversations feature in a healthcare system in which 

private finance and provision play a significant role.  According to the Association of American 

Medical Colleges, more than 14 thousand medical doctors are specialists in gastroenterology 

in the US (Active Physicians with a U.S. Doctor of Medicine (U.S. MD) Degree by Specialty, 

2015 | AAMC, n.d.).   

The Survey Monkey survey website (https://www.surveymonkey.com/) will be used to design 

an online survey. The survey link will be distributed among expert gastroenterologists working 

in the US in two stages. Stage one consists of distributing the survey link to possible 

respondents by email followed by a reminder after one-week and again after a further two-

weeks.  The email contact will be obtained from the American College of Gastroenterology 

website which provide 69 emails addresses of advanced endoscopy fellowship program 

coordinators (GI Fellowship Program Information - American College of Gastroenterology, 

n.d.). Additional personal contacts will be used for survey recruitment. The recipient will be 

asked to share the email content with colleagues. As this is an exploratory study no formal 

sample size has been calculated.  If necessary, paid advertisement tools in the LinkedIn will be 

used to send the survey link to the targeted audience. Initial estimates of current professional 

accounts with job title “gastroenterologist” are more than 2,700. Another link to the survey will 

be distributed on Facebook platform.   

 

Inclusion and exclusion criteria: 

Although gastroenterologists are our main target group as they are expected to be aware of all 

the survey questions, there will be no constriction on participant job title as other workers may 

be aware of some if not all the answers of the survey. IP address will be used to exclude 

participant from outside the US. Also repeat attempts to complete the survey will be excluded 

and only the first attempt will be included based on the IP address of the participant. 

Data analysis 

https://www.surveymonkey.com/
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The data will be exported to a QUB computer for analysis. Stata 15 will be used to clean and 

analyse the data. Statistical analysis of participants will include descriptive statistics for cost 

and outcomes (mean, standard deviation, highest and lowest values), an exploration of the 

factors that explain variations in these – gender, hospital versus ambulatory practice facility, 

experience will be undertaken using bivariate analyses subject to cell count. (To preserve the 

anonymity of respondents no sub-group analysis will be pursued where the number in the 

groups is below 10.) Results of the cost analysis will be examined and may form the basis of a 

peer-reviewed journal article reporting on costs and the factors that explain variations in these. 

Further analysis of the findings, relating costs to effects will be used in a cost effectiveness 

analysis to compare endoscopic bariatric therapies with alternative therapies within a decision 

analytic model.  

Ethical issues 

The targeted participants are physicians specialized in endoscopic procedures. No data will be 

obtained from patients nor caregivers. However, the survey has been designed to ensure the 

participant is informed of the aims of the study, provide reassurance as to the anonymity of 

participants and of their rights to withdraw/withhold consent. Their signed consent to use data 

collected will be obtained prior to proceeding to the survey questions.  

Funding: 

The survey is part of a PhD thesis which is fully funded by the Saudi Arabian Cultural Bureau 

in the United Kingdom.  
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APPENDIX A 
Participant Information Sheet 

 

Title of study: An appraisal of the cost and reported effects of endoscopic devices for 

weight loss 

 

We would like to invite you to take part in this postgraduate research project. 

Participation is entirely voluntary. It is important that you read and understand why the 

research is being done and what it will involve before you decide whether or not to 

take part. Please take a few moments to read the following information carefully and 

discuss it with others if you wish. Please ask us if there is anything that is not clear or 

if you would like more information. 

 

Aim of the project 

The aim of the study is to conduct an appraisal of the cost and the reported effects of 

endoscopic gastric balloon therapy for weight reduction in the USA based on experts’ 

opinions. The study is part of a PhD thesis. 

Why I have been chosen? 

You have been approached to take part in this survey as one of the gastroenterologists 

working in the US who might be knowledgeable about this procedure. You will be 

asked to sign an online consent prior to take part in the survey. You have the right to 

withdraw any time without giving a reason and this will not disadvantage you in any 

way.  
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What will happen during the survey? 

During the survey, you will be asked to answer a short online questionnaire about your 

opinion on cost and effect of endoscopic gastric balloon therapy for weight reduction 

as well as to provide some details on yourself. The survey should not take more than 

10 minutes.  

Will my taking part in this study be kept confidential? 

It will not be possible to identify you from any information given and no disclosive data 

will be collected from participants. The collected data will be handled, transferred, and 

stored in a secured setting and conform to the requirements of the Queen’s University 

Belfast Research Ethics Committee. The data will be anonymized in any publications.  

This study has been reviewed by the Faculty of Medicine, Health & Life Sciences 

Research Ethics Committee.   

For more information about the study, contact the researcher or the principal 

supervisor: 

Researcher: Dr. Ibrahim Al Sumiah  

ialsumaih01@qub.ac.uk 

Principal supervisor: Professor Ciaran O’Neill 

Ciaran.ONeill@qub.ac.uk 

 

This research will be conducted in compliance with data protection legislation.  For 

more information about how we look after your information, how to access your rights 

and who to contact if you have any queries or concerns about data protection please 

visit the Queen’s University Belfast website  

www.qub.ac.uk/privacynotice/Research/ListofResearchPrivacyNotices/PrivacyNotice

forResearchParticipants 

 

 

mailto:ialsumaih01@qub.ac.uk
mailto:Ciaran.ONeill@qub.ac.uk
http://www.qub.ac.uk/privacynotice/Research/ListofResearchPrivacyNotices/PrivacyNoticeforResearchParticipants
http://www.qub.ac.uk/privacynotice/Research/ListofResearchPrivacyNotices/PrivacyNoticeforResearchParticipants
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Thank you for your interest in this study and for taking the time to read 

through this information sheet. 
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APPENDIX B 
Email content detail 

Subject: Endoscopy cost variation survey 

Dear colleague, 

Apologies for contacting you out of the blue. I am a PhD student from Queen’s University 

Belfast, in Northern Ireland. I am studying economic aspects of relatively new endoscopic 

options for treating patients with obesity.  

 

The limited evidence base for the cost-effectiveness of endoscopic balloon therapy may impact 

on the adoption of this approach to weight management.  

 

I would value your expert opinion on this topic and so I have devised a short survey that should 

take less than 10 minutes to complete. The survey is directed at gastroenterologists working in 

the US. All responses are anonymized.  

The primary aim of the survey is to elicit from physicians their expert views and experiences 

regarding the cost and effect of endoscopic balloon therapy for weight reduction. 

As the survey frame may be incomplete we would appreciate your forwarding this email to 

other gastroenterologists working in the US with whom you are familiar and who you think 

might not be included in the sampling frame or list/register. 

(survey link) 

 

Regards, 

Ibrahim Al-Sumaih 

PhD candidate 

Queen's University Belfast, Centre for Public Health 

 Office 10, Institute of Clinical Science, Block B 

 Royal Victoria Hospital, Grosvenor Road 

 Belfast BT12 6BA    U.K. 
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 tel: +44 (0)7449444107     www.qub.ac.uk 

http://www.qub.ac.uk/
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APPENDIX C 
Reminder email content detail 

 

Subject: REMINDER: Endoscopy cost variation survey 

Dear colleague, 

Many thanks to those who have already completed the survey. I understand that you have a 

tight schedule and would appreciate if you could have 10 minutes to fill the survey if you did 

not already. 

 

(survey link) 

 

Regards, 

Ibrahim Al-Sumaih 

PhD candidate 

Queen's University Belfast, Centre for Public Health 

 Office 10, Institute of Clinical Science, Block B 

 Royal Victoria Hospital, Grosvenor Road 

 Belfast BT12 6BA    U.K. 

 tel: +44 (0)7449444107     www.qub.ac.uk  
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APPENDIX D 
Landing page 

 

Thank you for considering sharing your expert opinions with us. 

 

The primary aim of the survey is to elicit the views and experiences of physicians regarding 

the cost and effect of endoscopic balloon therapy for weight reduction. If you have any 

questions or comments, please contact the researcher, Dr. Ibrahim Al-Sumaih, at 

ialsumaih01@qub.ac.uk or the principal supervisor Prof. Ciaran O’Neill at 

ciaran.oneill@qub.ac.uk  

Consent  

I confirm that I have read and I understand the ‘Participation Information’ page (link to 

participation information sheet). I confirm that I have read and understand that my participation 

is voluntary and that I do not have to complete the survey. I understand that I will not be 

identified in any of the survey outputs or reports. I agree that any quotes that I give in response 

to the questions may be used in research outputs on the strict understanding that my anonymity 

will be preserved. I grant permission for my survey data to be used for the production of a PhD 

thesis and any academic papers that may arise from the analysis of survey data. 

  

o Please tick the box to indicate that you agree with the above statements and consent to 

taking part in the study. 

 

Please complete this survey only once 

  

mailto:ialsumaih01@qub.ac.uk
mailto:ciaran.oneill@qub.ac.uk
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APPENDIX E 
Survey questions 

 

1. How would you describe your professional job title (please tick the relevant box)? 

o Gastroenterologist medical doctor 

o Other (Please specify) 

 

2. Are you (please tick the relevant box): 

o Male 

o Female 

o Other 

o Prefer not to say 

 

3. Approximately, how many years of experience do you have in endoscopic bariatric 

therapy? 

o Blank box 

o Prefer not to say 

 

4. Approximately, how many patients have you treated with gastric balloon therapy?  

o Blank box 

o Prefer not to say 

 

5. Do you consider yourself to have any conflict of interest in your assessments (for 

example owning share or patent in a particular device)? 

o Yes 

o No 

 

6. How would you describe the catchment area of your healthcare facility? 

o Urban 

o Rural 

o Mixed urban/rural 

o Other (Please specify) 

o Prefer not to say 

 

7. Which of the following healthcare facilities in your experience perform endoscopic 

bariatric balloon therapy commonly? (Select all that apply) 

o In-patient 
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o Out-patient 

o Teaching hospital 

o Center of excellence  

o Ambulatory surgical center separated from a hospital 

 

If the answer to Question 7 does not include a hospital setting (e.g. in-patient, out-

patient, teaching hospital or center of excellence) then skip Question 8 and go to 

question 9. 

 

8. What is the size of hospital in which the therapy is most commonly performed? 

o Hospital bed size 1-99 

o Hospital bed size 100+ 

o Hospital bed size 200+ 

o Hospital bed size 500+ 

o Other (Please specify) 

 

9. What is the average monthly number of endoscopic bariatric therapy procedures 

performed in your principle work place? 

o Blank box 

o Prefer not to say 

 

10. What is the common source of payment for these patient procedures? 

o Private insurance 

o Medicare 

o Medicaid 

o Out of pocket 

o Other (Please specify) 

o Prefer not to say 

 

11. Which of the following endoscopic devices do you use to treat your adult patients?  

o ReShape Integrated Dual Balloon System 

o Orbera Intragastric Balloon System (formerly known as Bioenteric Intragastric 

Balloon or BIB) 

o Obalon Balloon System 

o Silimed Gastric Balloon 

o Medsil Intragastric Balloon 

o Spatz Adjustable Gastric Balloon System 

o Heliosphere BAG Intragastric Balloon 

o Ullorex Oral Intragastric Balloon 

o TransPyloric Shuttle 

o AspireAssist device 

o Other (Please specify) 

o Prefer not to say 

 

12. How many nutrition consultation visits would typically precede insertion of a device? 

o Blank box 

o Prefer not to say 
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13. Is the decision to perform an endoscopic balloon procedure informed by an 

assessment of a patient's psychological status? 

o Yes 

o No 

 

If the answer to Question 13 is “No”, then skip Question 14 and go to Question 15. 

 

14. Who would usually assess a patient's psychological status? 

o The consulting physician 

o A member of the nursing team 

o A clinical psychologist 

o A psychiatrist 

o A social worker 

o Other (Please specify) 

 

15. How many appointment visits would be required for device insertion? 

o Blank box 

o Prefer not to say 

 

16. How many appointment visits would be required for device follow-up? 

o Blank box 

o Prefer not to say 

 

17. How many appointment visits would be required for device retrieval and follow-up 

after retrieval of the device? 

o Blank box 

o Prefer not to say 

 

18. What is the anaesthesia type used for patient sedation for endoscopic bariatric 

therapy? 

o Conscious sedation 

o General anaesthesia 

o Prefer not to say  

 

19. On average, in your experience how many minutes does it take for device insertion? 

o Blank box 

o Prefer not to say 

 

20. In your experience, approximately how much does treatment with gastric balloon 

therapy cost - including patient consultations, device acquisition, insertion and 

retrieval? (Please answer cost question in US dollar) 

o Blank box 

o Prefer not to say 
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21. In your experience, how much does the following item cost? (Please answer cost 

question in US dollar) 

Consultation fee (including dietitian, psychologist, and cardiologist 

consultation fee) 

Blank box 

Blood test, ECG, and X-rays fees Blank box 

Gastroenterologist fee Blank box 

Cost of the endoscopic balloon device Blank box 

Healthcare facility fee Blank box 

Anaesthesia fee Blank box 

Prefer not to say  

Additional fee (please specify) Blank box 
 

22. In your experience, what is the average excess weight loss % achieved by your patient 

at 6 months of the (answer of question 11) placement? 

o Blank box 

o Prefer not to say 

 

23. In your experience, what is the average excess weight loss % achieved by your patient 

at 12 months of the (answer of question 11) placement? 

o Blank box 

o Prefer not to say 

 

 

Thank you for completing our survey. We appreciate your comments and further suggestions.  
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Appendix 16. Total balloon cost by job title. 

Job title Total balloon cost ($) 

Mean IQR P value 

Bariatric surgeon 7,000 7,000 – 7,000 0.7302 

General surgeon 7,750 6,550 – 8,500  

Gastroenterologist 6,500 5,000 – 8,000  

All specialities combined 6,967 6,250 – 7,750  

Note: IQR stand for interquartile range. One way ANOVA was used to estimate p value. 

 

 

Appendix 17. Parameter inputs. 

Variable Descriptio

n 

Root Definition 

_age 
 

_init_age + _stage 

_init_age 50 50 

_init_prop_obese2 obese 2 

proportion 

9.9 

_init_prop_obese2_rsc obese2 

proportion 

rescaled 

obese2_prb/(_init_prop_obese2+_init_prop_o

bese3) 

_init_prop_obese2_se Standard 

Error for 

starting 

bmi in 

obese 

0.4 

_init_prop_obese3 obese 3 

proportion 

7.7 

BMI_ASP_normal bmi for 

normal 

state in 

aspiration 

arm 

If (normal_BMI < BMI_target; (BMI_target - 

1); (if(_stage = 0; normal_BMI - ((EWL01) * 

(normal_BMI - BMI_target)); if(_stage = 1; 

normal_BMI - ((EWL01) * (normal_BMI - 

BMI_target)) - ((EWL11) * (normal_BMI - 

BMI_target)); if(_stage = 2; normal_BMI - 

((EWL01) * (normal_BMI - BMI_target)) - 

((EWL11) * (normal_BMI - BMI_target)) - 

((EWL21) * (normal_BMI - BMI_target)); 

if(_stage = 3; normal_BMI - ((EWL01) * 

(normal_BMI - BMI_target)) - ((EWL11) * 

(normal_BMI - BMI_target)) - ((EWL21) * 

(normal_BMI - BMI_target)) - ((EWL31) * 

(normal_BMI - BMI_target)); if(_stage = 4; 

normal_BMI - ((EWL01) * (normal_BMI - 

BMI_target)) - ((EWL11) * (normal_BMI - 

BMI_target)) - ((EWL21) * (normal_BMI - 

BMI_target)) - ((EWL31) * (normal_BMI - 

BMI_target)) - ((EWL41) * (normal_BMI - 

BMI_target)); if(_stage >= 5; (normal_BMI - 
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((EWL51) * (normal_BMI - BMI_target))); 

"error")))))))) 

BMI_ASP_obese1 bmi for 

obese1 

state in 

aspiration 

arm 

if( 

_stage = 0;  

obese1_BMI - ((EWL01) * (obese1_BMI - 

BMI_target));  

if( 

_stage = 1;  

obese1_BMI - ((EWL01) * (obese1_BMI - 

BMI_target)) - ((EWL11) * (obese1_BMI - 

BMI_target));  

if( 

_stage = 2;  

obese1_BMI - ((EWL01) * (obese1_BMI - 

BMI_target)) - ((EWL11) * (obese1_BMI - 

BMI_target)) - ((EWL21) * (obese1_BMI - 

BMI_target));  

if( 

_stage = 3;  

obese1_BMI - ((EWL01) * (obese1_BMI - 

BMI_target)) - ((EWL11) * (obese1_BMI - 

BMI_target)) - ((EWL21) * (obese1_BMI - 

BMI_target)) - ((EWL31) * (obese1_BMI - 

BMI_target));  

if( 

_stage = 4;  

obese1_BMI - ((EWL01) * (obese1_BMI - 

BMI_target)) - ((EWL11) * (obese1_BMI - 

BMI_target)) - ((EWL21) * (obese1_BMI - 

BMI_target)) - ((EWL31) * (obese1_BMI - 

BMI_target)) - ((EWL41) * (obese1_BMI - 

BMI_target));  

if( 

_stage >= 5;  

(obese1_BMI - ((EWL51) * (obese1_BMI - 

BMI_target)));   

"error")))))) 
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BMI_ASP_obese2 bmi for 

obese2 

state in 

aspiration 

arm 

if( 

 

_stage = 0;  

 

obese2_BMI - ((EWL01) * (obese2_BMI - 

BMI_target));  

 

if( 

 

_stage = 1;  

 

obese2_BMI - ((EWL01) * (obese2_BMI - 

BMI_target)) - ((EWL11) * (obese2_BMI - 

BMI_target));  

 

if( 

 

_stage = 2;  

 

obese2_BMI - ((EWL01) * (obese2_BMI - 

BMI_target)) - ((EWL11) * (obese2_BMI - 

BMI_target)) - ((EWL21) * (obese2_BMI - 

BMI_target));  

 

if( 

 

_stage = 3;  

 

obese2_BMI - ((EWL01) * (obese2_BMI - 

BMI_target)) - ((EWL11) * (obese2_BMI - 

BMI_target)) - ((EWL21) * (obese2_BMI - 

BMI_target)) - ((EWL31) * (obese2_BMI - 

BMI_target));  

 

if( 

 

_stage = 4;  

 

obese2_BMI - ((EWL01) * (obese2_BMI - 

BMI_target)) - ((EWL11) * (obese2_BMI - 

BMI_target)) - ((EWL21) * (obese2_BMI - 

BMI_target)) - ((EWL31) * (obese2_BMI - 

BMI_target)) - ((EWL41) * (obese2_BMI - 

BMI_target));  

 

if( 

 

_stage >= 5;  

 

(obese2_BMI - ((EWL51) * (obese2_BMI - 
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BMI_target)));   

 

"error")))))) 
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BMI_ASP_obese3 bmi for 

obese3 

state in 

aspiration 

arm 

if( 

 

_stage = 0;  

 

obese3_BMI - ((EWL01) * (obese3_BMI - 

BMI_target));  

 

if( 

 

_stage = 1;  

 

obese3_BMI - ((EWL01) * (obese3_BMI - 

BMI_target)) - ((EWL11) * (obese3_BMI - 

BMI_target));  

 

if( 

 

_stage = 2;  

 

obese3_BMI - ((EWL01) * (obese3_BMI - 

BMI_target)) - ((EWL11) * (obese3_BMI - 

BMI_target)) - ((EWL21) * (obese3_BMI - 

BMI_target));  

 

if( 

 

_stage = 3;  

 

obese3_BMI - ((EWL01) * (obese3_BMI - 

BMI_target)) - ((EWL11) * (obese3_BMI - 

BMI_target)) - ((EWL21) * (obese3_BMI - 

BMI_target)) - ((EWL31) * (obese3_BMI - 

BMI_target));  

 

if( 

 

_stage = 4;  

 

obese3_BMI - ((EWL01) * (obese3_BMI - 

BMI_target)) - ((EWL11) * (obese3_BMI - 

BMI_target)) - ((EWL21) * (obese3_BMI - 

BMI_target)) - ((EWL31) * (obese3_BMI - 

BMI_target)) - ((EWL41) * (obese3_BMI - 

BMI_target));  

 

if( 

 

_stage >= 5;  

 

(obese3_BMI - ((EWL51) * (obese3_BMI - 
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BMI_target)));   

 

"error")))))) 

BMI_BYPASS_normal bmi for 

normal 

state in 

BYPASS 

arm 

If (normal_BMI < BMI_target; (BMI_target - 

1); (if(_stage = 0; normal_BMI - ((EWL02) * 

(normal_BMI - BMI_target)); if(_stage = 1; 

normal_BMI - ((EWL02) * (normal_BMI - 

BMI_target)) - ((EWL12) * (normal_BMI - 

BMI_target)); if(_stage = 2; normal_BMI - 

((EWL02) * (normal_BMI - BMI_target)) - 

((EWL12) * (normal_BMI - BMI_target)) - 

((EWL22) * (normal_BMI - BMI_target)); 

if(_stage = 3; normal_BMI - ((EWL02) * 

(normal_BMI - BMI_target)) - ((EWL12) * 

(normal_BMI - BMI_target)) - ((EWL22) * 

(normal_BMI - BMI_target)) - ((EWL32) * 

(normal_BMI - BMI_target)); if(_stage = 4; 

normal_BMI - ((EWL02) * (normal_BMI - 

BMI_target)) - ((EWL12) * (normal_BMI - 

BMI_target)) - ((EWL22) * (normal_BMI - 

BMI_target)) - ((EWL32) * (normal_BMI - 

BMI_target)) - ((EWL42) * (normal_BMI - 

BMI_target)); if(_stage >= 5; (normal_BMI - 
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((EWL52) * (normal_BMI - BMI_target))); 

"error")))))))) 

BMI_BYPASS_obese1 bmi for 

obese1 

state in 

BYPASS 

arm 

if( 

_stage = 0;  

obese1_BMI - ((EWL02) * (obese1_BMI - 

BMI_target));  

if( 

_stage = 1;  

obese1_BMI - ((EWL02) * (obese1_BMI - 

BMI_target)) - ((EWL12) * (obese1_BMI - 

BMI_target));  

if( 

_stage = 2;  

obese1_BMI - ((EWL02) * (obese1_BMI - 

BMI_target)) - ((EWL12) * (obese1_BMI - 

BMI_target)) - ((EWL22) * (obese1_BMI - 

BMI_target));  

if( 

_stage = 3;  

obese1_BMI - ((EWL02) * (obese1_BMI - 

BMI_target)) - ((EWL12) * (obese1_BMI - 

BMI_target)) - ((EWL22) * (obese1_BMI - 

BMI_target)) - ((EWL32) * (obese1_BMI - 

BMI_target));  

if( 

_stage = 4;  

obese1_BMI - ((EWL02) * (obese1_BMI - 

BMI_target)) - ((EWL12) * (obese1_BMI - 

BMI_target)) - ((EWL22) * (obese1_BMI - 

BMI_target)) - ((EWL32) * (obese1_BMI - 

BMI_target)) - ((EWL42) * (obese1_BMI - 

BMI_target));  

if( 

_stage >= 5;  

(obese1_BMI - ((EWL52) * (obese1_BMI - 

BMI_target)));   

"error")))))) 
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BMI_BYPASS_obese2 bmi for 

obese2 

state in 

BYPASS 

arm 

if( 

_stage = 0;  

obese2_BMI - ((EWL02) * (obese2_BMI - 

BMI_target));  

if( 

_stage = 1;  

obese2_BMI - ((EWL02) * (obese2_BMI - 

BMI_target)) - ((EWL12) * (obese2_BMI - 

BMI_target));  

if( 

_stage = 2;  

obese2_BMI - ((EWL02) * (obese2_BMI - 

BMI_target)) - ((EWL12) * (obese2_BMI - 

BMI_target)) - ((EWL22) * (obese2_BMI - 

BMI_target));  

if( 

_stage = 3;  

obese2_BMI - ((EWL02) * (obese2_BMI - 

BMI_target)) - ((EWL12) * (obese2_BMI - 

BMI_target)) - ((EWL22) * (obese2_BMI - 

BMI_target)) - ((EWL32) * (obese2_BMI - 

BMI_target));  

if( 

_stage = 4;  

obese2_BMI - ((EWL02) * (obese2_BMI - 

BMI_target)) - ((EWL12) * (obese2_BMI - 

BMI_target)) - ((EWL22) * (obese2_BMI - 

BMI_target)) - ((EWL32) * (obese2_BMI - 

BMI_target)) - ((EWL42) * (obese2_BMI - 

BMI_target));  

if( 

_stage >= 5;  

(obese2_BMI - ((EWL52) * (obese2_BMI - 

BMI_target)));   

"error")))))) 
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BMI_BYPASS_obese3 bmi for 

obese3 

state in 

BYPASS 

arm 

if( 

 

_stage = 0;  

 

obese3_BMI - ((EWL02) * (obese3_BMI - 

BMI_target));  

 

if( 

 

_stage = 1;  

 

obese3_BMI - ((EWL02) * (obese3_BMI - 

BMI_target)) - ((EWL12) * (obese3_BMI - 

BMI_target));  

 

if( 

 

_stage = 2;  

 

obese3_BMI - ((EWL02) * (obese3_BMI - 

BMI_target)) - ((EWL12) * (obese3_BMI - 

BMI_target)) - ((EWL22) * (obese3_BMI - 

BMI_target));  

 

if( 

 

_stage = 3;  

 

obese3_BMI - ((EWL02) * (obese3_BMI - 

BMI_target)) - ((EWL12) * (obese3_BMI - 

BMI_target)) - ((EWL22) * (obese3_BMI - 

BMI_target)) - ((EWL32) * (obese3_BMI - 

BMI_target));  

 

if( 

 

_stage = 4;  

 

obese3_BMI - ((EWL02) * (obese3_BMI - 

BMI_target)) - ((EWL12) * (obese3_BMI - 

BMI_target)) - ((EWL22) * (obese3_BMI - 

BMI_target)) - ((EWL32) * (obese3_BMI - 

BMI_target)) - ((EWL42) * (obese3_BMI - 

BMI_target));  

 

if( 

 

_stage >= 5;  

 

(obese3_BMI - ((EWL52) * (obese3_BMI - 
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BMI_target)));   

 

"error")))))) 

BMI_delta annual (1 

cycle) 

change in 

bmi 

0.175 

BMI_delta_PIGB_yr1 % weight 

loss 

following 

PIGB in 

first year 

0.67 

BMI_init weighted 

average 

starting 

bmi 

(obese2_BMI*_init_prop_obese2_rsc)+(obes

e3_BMI*(1-_init_prop_obese2_rsc)) 

BMI_no_interv_normal bmi for 

normal 

state in no-

interventio

n (ni) arm 

normal_BMI+(BMI_delta*(_stage+1)) 

BMI_no_interv_obese1 bmi for 

obese1 

obese1_BMI+(BMI_delta*(_stage+1)) 
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state in no-

interventio

n (ni) arm 

BMI_no_interv_obese2 bmi for 

obese2 

state in no-

interventio

n (ni) arm 

obese2_BMI+(BMI_delta*(_stage+1)) 

BMI_no_interv_obese3 bmi for 

obese3 

state in no-

interventio

n (ni) arm 

obese3_BMI+(BMI_delta*(_stage+1)) 

BMI_PIGB_normal 
 

if(normal_BMI < BMI_target; (BMI_target - 

1); (if(_stage = 0; normal_BMI - 

((BMI_delta_PIGB_yr1) * (normal_BMI - 

BMI_target)); if(_stage >= 1; (normal_BMI + 

((_stage) * BMI_delta)); "error")))) 

BMI_PIGB_obese1 
 

if(_stage = 0; obese1_BMI - 

((BMI_delta_PIGB_yr1) * (obese1_BMI - 

BMI_target)); if(_stage >= 1; (obese1_BMI + 

((_stage) * BMI_delta)); "error")) 

BMI_PIGB_obese2 
 

if(_stage = 0; obese2_BMI - 

((BMI_delta_PIGB_yr1) * (obese2_BMI - 

BMI_target)); if(_stage >= 1; (obese2_BMI + 

((_stage) * BMI_delta)); "error")) 

BMI_PIGB_obese3 
 

if(_stage = 0; obese3_BMI - 

((BMI_delta_PIGB_yr1) * (obese3_BMI - 

BMI_target)); if(_stage >= 1; (obese3_BMI + 

((_stage) * BMI_delta)); "error")) 

BMI_SLEEVE_normal bmi for 

normal 

state in 

SLEEVE 

arm 

If (normal_BMI < BMI_target; (BMI_target - 

1); (if(_stage = 0; normal_BMI - ((EWL03) * 

(normal_BMI - BMI_target)); if(_stage = 1; 

normal_BMI - ((EWL03) * (normal_BMI - 

BMI_target)) - ((EWL13) * (normal_BMI - 

BMI_target)); if(_stage = 2; normal_BMI - 

((EWL03) * (normal_BMI - BMI_target)) - 

((EWL13) * (normal_BMI - BMI_target)) - 

((EWL23) * (normal_BMI - BMI_target)); 

if(_stage = 3; normal_BMI - ((EWL03) * 

(normal_BMI - BMI_target)) - ((EWL13) * 

(normal_BMI - BMI_target)) - ((EWL23) * 

(normal_BMI - BMI_target)) - ((EWL33) * 

(normal_BMI - BMI_target)); if(_stage = 4; 

normal_BMI - ((EWL03) * (normal_BMI - 

BMI_target)) - ((EWL13) * (normal_BMI - 

BMI_target)) - ((EWL23) * (normal_BMI - 

BMI_target)) - ((EWL33) * (normal_BMI - 

BMI_target)) - ((EWL43) * (normal_BMI - 

BMI_target)); if(_stage >= 5; (normal_BMI - 
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((EWL53) * (normal_BMI - BMI_target))); 

"error")))))))) 

BMI_SLEEVE_obese1 bmi for 

obese1 

state in 

SLEEVE 

arm 

if( 

_stage = 0;  

obese1_BMI - ((EWL03) * (obese1_BMI - 

BMI_target));  

if( 

_stage = 1;  

obese1_BMI - ((EWL03) * (obese1_BMI - 

BMI_target)) - ((EWL13) * (obese1_BMI - 

BMI_target));  

if( 

_stage = 2;  

obese1_BMI - ((EWL03) * (obese1_BMI - 

BMI_target)) - ((EWL13) * (obese1_BMI - 

BMI_target)) - ((EWL23) * (obese1_BMI - 

BMI_target));  

if( 

_stage = 3;  

obese1_BMI - ((EWL03) * (obese1_BMI - 

BMI_target)) - ((EWL13) * (obese1_BMI - 

BMI_target)) - ((EWL23) * (obese1_BMI - 

BMI_target)) - ((EWL33) * (obese1_BMI - 

BMI_target));  

if( 

_stage = 4;  

obese1_BMI - ((EWL03) * (obese1_BMI - 

BMI_target)) - ((EWL13) * (obese1_BMI - 

BMI_target)) - ((EWL23) * (obese1_BMI - 

BMI_target)) - ((EWL33) * (obese1_BMI - 

BMI_target)) - ((EWL43) * (obese1_BMI - 

BMI_target));  

if( 

_stage >= 5;  

(obese1_BMI - ((EWL53) * (obese1_BMI - 

BMI_target)));   

"error" 

)))))) 
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BMI_SLEEVE_obese2 bmi for 

obese2 

state in 

SLEEVE 

arm 

if( 

 

_stage = 0;  

 

obese2_BMI - ((EWL03) * (obese2_BMI - 

BMI_target));  

 

if( 

 

_stage = 1;  

 

obese2_BMI - ((EWL03) * (obese2_BMI - 

BMI_target)) - ((EWL13) * (obese2_BMI - 

BMI_target));  

 

if( 

 

_stage = 2;  

 

obese2_BMI - ((EWL03) * (obese2_BMI - 

BMI_target)) - ((EWL13) * (obese2_BMI - 

BMI_target)) - ((EWL23) * (obese2_BMI - 

BMI_target));  

 

if( 

 

_stage = 3;  

 

obese2_BMI - ((EWL03) * (obese2_BMI - 

BMI_target)) - ((EWL13) * (obese2_BMI - 

BMI_target)) - ((EWL23) * (obese2_BMI - 

BMI_target)) - ((EWL33) * (obese2_BMI - 

BMI_target));  

 

if( 

 

_stage = 4;  

 

obese2_BMI - ((EWL03) * (obese2_BMI - 

BMI_target)) - ((EWL13) * (obese2_BMI - 

BMI_target)) - ((EWL23) * (obese2_BMI - 

BMI_target)) - ((EWL33) * (obese2_BMI - 

BMI_target)) - ((EWL43) * (obese2_BMI - 

BMI_target));  

 

if( 

 

_stage >= 5;  

 

(obese2_BMI - ((EWL53) * (obese2_BMI - 
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BMI_target)));   

 

"error")))))) 
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BMI_SLEEVE_obese3 bmi for 

obese3 

state in 

SLEEVE 

arm 

if( 

_stage = 0;  

obese3_BMI - ((EWL03) * (obese3_BMI - 

BMI_target));  

if( 

_stage = 1;  

obese3_BMI - ((EWL03) * (obese3_BMI - 

BMI_target)) - ((EWL13) * (obese3_BMI - 

BMI_target));  

if( 

_stage = 2;  

obese3_BMI - ((EWL03) * (obese3_BMI - 

BMI_target)) - ((EWL13) * (obese3_BMI - 

BMI_target)) - ((EWL23) * (obese3_BMI - 

BMI_target));  

if( 

_stage = 3;  

obese3_BMI - ((EWL03) * (obese3_BMI - 

BMI_target)) - ((EWL13) * (obese3_BMI - 

BMI_target)) - ((EWL23) * (obese3_BMI - 

BMI_target)) - ((EWL33) * (obese3_BMI - 

BMI_target));  

if( 

_stage = 4;  

obese3_BMI - ((EWL03) * (obese3_BMI - 

BMI_target)) - ((EWL13) * (obese3_BMI - 

BMI_target)) - ((EWL23) * (obese3_BMI - 

BMI_target)) - ((EWL33) * (obese3_BMI - 

BMI_target)) - ((EWL43) * (obese3_BMI - 

BMI_target));  

if( 

_stage >= 5;  

(obese3_BMI - ((EWL53) * (obese3_BMI - 

BMI_target)));   

"error")))))) 

BMI_target Target bmi 25 

c_A_tube_replace_ASP cost of A-

tube 

replaceme

nt - 

aspiration 

5311 

c_deflation_PIGB 
 

0 

c_dietsuppl_BYPASS cost of 

dietary 

supplemen

t (per 

annum) for 

gastric 

bypass 

100 
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c_ExtCon Cost of an 

External 

Connector 

850 

c_ExtCon_yrly Cost of an 

external 

connector 

annually 

if(_stage = 0; 0; 850) 

c_FU_ASP cost of 

follow-up 

visits for 

aspiration 

if(_stage = 0; 0; 646) 

c_FU_ASP_yr 
 

646 

c_FU_BYPASS cost of 

follow-up 

visits for 

bypass 

surgery in 

year 1 and 

onwards 

if(_stage = 0; c_FU_BYPASS_yr0; if(_stage = 

1; c_FU_BYPASS_yr1; if(_stage = 2; 

c_FU_BYPASS_yr2_5; if(_stage = 3; 

c_FU_BYPASS_yr2_5; if(_stage = 4; 

c_FU_BYPASS_yr2_5; if(_stage >=5; 0; 

"error")))))) 

c_FU_BYPASS_yr0 
 

805 

c_FU_BYPASS_yr1 
 

483 

c_FU_BYPASS_yr2_5 
 

322 

c_FU_SLEEVE cost of 

follow-up 

visits for 

sleeve 

surgery in 

year 1 and 

onwards 

if(_stage = 0; c_FU_BYPASS_yr0; if(_stage = 

1; c_FU_SLEEVE_yr1; if(_stage >= 2; 

c_FU_SLEEVE_over_yr2; "error"))) 

c_FU_SLEEVE_over_yr2 
 

161 

c_FU_SLEEVE_yr0 
 

805 

c_FU_SLEEVE_yr1 
 

322 

c_LR_major_comp_ASP LR major 

complicati

on ASP 

9560 

c_LR_major_comp_BYPAS

S 

LR major 

complicati

on 

BYPASS 

54454 

c_LR_major_comp_PIGB 
 

0 

c_LR_major_comp_SLEEV

E 

LR major 

complicati

on 

SLEEVE 

54454 

c_LR_minor_comp_ASP LR minor 

complicati

on ASP 

53 

c_LR_minor_comp_BYPAS

S 

LR minor 

complicati

951 
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on 

BYPASS 

c_LR_minor_comp_PIGB 
 

0 

c_LR_minor_comp_SLEEV

E 

LR minor 

complicati

on 

SLEEVE 

951 

c_NonObese annual 

healthcare 

costs for 

non-obese 

2504 

c_Obese1 annual 

healthcare 

costs for 

obese1 

4218 

c_Obese2 annual 

healthcare 

costs for 

obese 2 

5510 

c_Obese3 annual 

healthcare 

costs for 

obese 3 

8354 

c_procedure_ASP cost of 

initial 

procedure 

- aspiration 

11000 

c_procedure_BYPASS cost of 

initial 

procedure 

- bypass 

24300 

c_procedure_PIGB 
 

6967 

c_procedure_SLEEVE cost of 

initial 

procedure 

- sleeve 

19000 

c_reversal_ASP cost of 

procedure 

reversal - 

aspiration 

2655 

c_SR_major_comp_ASP cost of SR 

major 

complicati

ons ASP 

937 

c_SR_major_comp_BYPAS

S 

cost of SR 

major 

complicati

ons 

BYPASS 

49458 
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c_SR_major_comp_PIGB 
 

2695 

c_SR_major_comp_SLEEV

E 

cost of SR 

major 

complicati

ons 

SLEEVE 

49458 

c_SR_minor_comp_ASP cost of SR 

minor 

complicati

ons ASP 

53 

c_SR_minor_comp_BYPAS

S 

cost of SR 

minor 

complicati

ons 

BYPASS 

1517 

c_SR_minor_comp_PIGB 
 

161 

c_SR_minor_comp_SLEEV

E 

cost of SR 

minor 

complicati

ons 

SLEEVE 

1517 

Dead 
  

dis_u_delta_majorC_ASP Utility 

change 

from major 

complicati

ons for 

aspiration 

0.014 

dist_c_ExtCon_yrly 
  

EWL01 
 

0.371 

EWL02 
 

0.702 

EWL03 
 

0.648 

EWL11 
 

0.408 

EWL12 
 

0.6915 

EWL13 
 

0.6275 

EWL21 
 

0.447 

EWL22 
 

0.681 

EWL23 
 

0.607 

EWL31 
 

0.508 

EWL32 
 

0.6515 

EWL33 
 

0.574 

EWL41 
 

0.508 

EWL42 
 

0.622 

EWL43 
 

0.541 

EWL51 
 

0 

EWL52 
 

0 

EWL53 
 

0 

number_cycles 
 

120 
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p_Atube_repl prob A-

tube 

replaceme

nt 

0.12 

p_complication_ASP probability 

of major 

complicati

ons from 

aspiration 

therapy 

if(_stage = 0; p_SR_major_comp_ASP; if(1 

<= _stage <= 5; p_LR_major_comp_ASP; 0)) 

p_complication_BYPASS probability 

of major 

complicati

ons from 

gastric 

bypass 

if(_stage = 0; p_SR_major_comp_BYPASS; 

if(1 <= _stage <= 5; 

p_LR_major_comp_BYPASS; 0)) 

p_complication_PIGB 
 

0 

p_complication_SLEEVE probability 

of major 

complicati

ons from 

sleeve 

if(_stage = 0; p_SR_major_comp_SLEEVE; 

if(1 <= _stage <= 5; 

p_LR_major_comp_SLEEVE; 0)) 

p_die_NonObese age-related 

probability 

of dying 

for non-

obese 

1-exp(-(if( 

_age < 30;  

(hr_mortalityT[0; 1])*(mr_UK[_age]);  

if( 

29 < _age < 45;  

(hr_mortalityT[0; 2])*(mr_UK[_age]);  

if( 

44 < _age < 65;  

(hr_mortalityT[0; 3])*(mr_UK[_age]);  

if( 

_age > 64;  

(hr_mortalityT[0; 4])*(mr_UK[_age]);  

"Error" 

) 

) 

) 

))) 
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p_die_Obese1 age-related 

probability 

of dying 

for obese 1 

1-exp(-(if( 

_age < 30;  

(hr_mortalityT[1; 1])*(mr_UK[_age]);  

if( 

29 < _age < 45;  

(hr_mortalityT[1; 2])*(mr_UK[_age]);  

if( 

44 < _age < 65;  

(hr_mortalityT[1; 3])*(mr_UK[_age]);  

if( 

_age > 64;  

(hr_mortalityT[1; 4])*(mr_UK[_age]);  

"Error" 

) 

) 

) 

))) 

p_die_Obese2 age-related 

probability 

of dying 

for obese 2 

1-exp(-(if( 

_age < 30;  

(hr_mortalityT[2; 1])*(mr_UK[_age]);  

if( 

29 < _age < 45;  

(hr_mortalityT[2; 2])*(mr_UK[_age]);  

if( 

44 < _age < 65;  

(hr_mortalityT[2; 3])*(mr_UK[_age]);  

if( 

_age > 64;  

(hr_mortalityT[2; 4])*(mr_UK[_age]);  

"Error" 

) 

) 

) 

))) 
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p_die_Obese3 age-related 

probability 

of dying 

for obese 3 

1-exp(-(if( 

_age < 30;  

(hr_mortalityT[3; 1])*(mr_UK[_age]);  

if( 

29 < _age < 45;  

(hr_mortalityT[3; 2])*(mr_UK[_age]);  

if( 

44 < _age < 65;  

(hr_mortalityT[3; 3])*(mr_UK[_age]);  

if( 

_age > 64;  

(hr_mortalityT[3; 4])*(mr_UK[_age]);  

"Error" 

) 

) 

) 

))) 

p_LR_major_comp_ASP prob LR 

(post 

procedure) 

major 

complicati

ons ASP 

0.037 

p_LR_major_comp_BYPAS

S 

prob LR 

(post 

procedure) 

major 

complicati

ons 

BYPASS 

0.151 

p_LR_major_comp_PIGB 
 

0 

p_LR_major_comp_SLEEV

E 

prob LR 

(post 

procedure) 

major 

complicati

ons 

SLEEVE 

0.083 

p_LR_minor_comp_ASP prob LR 

(post 

procedure) 

minor 

complicati

ons ASP 

0.098 

p_LR_minor_comp_BYPAS

S 

prob LR 

(post 

procedure) 

minor 

complicati

0.109 
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ons 

BYPASS 

p_LR_minor_comp_PIGB 
 

0 

p_LR_minor_comp_SLEEV

E 

prob LR 

(post 

procedure) 

minor 

complicati

ons 

SLEEVE 

0.107 

p_peri_op_mort_ASP prob SR 

(peri-op) 

mortality 

ASP 

0 

p_peri_op_mort_BYPASS prob SR 

(peri-op) 

mortality 

BYPASS 

0.0038 

p_peri_op_mort_PIGB 
 

0 

p_peri_op_mort_SLEEVE prob SR 

(peri-op) 

mortality 

SLEEVE 

0.0029 

p_post_op_mort_ASP prob LR 

(post op) 

mortality 

ASP 

0 

p_post_op_mort_BYPASS prob LR 

(post op) 

mortality 

BYPASS 

0.0072 

p_post_op_mort_PIGB 
 

0 

p_post_op_mort_SLEEVE prob LR 

(post op) 

mortality 

SLEEVE 

0.0034 

p_post_op_Xmort_BYPASS

_obese2 

Excess 

post-

operative 

mortality 

for gastric 

bypass and 

obese2 

if( 

_stage = 0;  

(1-exp(-((((-LN(1-

p_post_op_mort_BYPASS)))+((-LN(1-

p_die_Obese2)))))));  

p_die_Obese2 

) 

p_post_op_Xmort_BYPASS

_obese3 

Excess 

post-

operative 

mortality 

for gastric 

if( 

_stage = 0;  

(1-exp(-((((-LN(1-

p_post_op_mort_BYPASS)))+((-LN(1-

p_die_Obese3)))))));  
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bypass and 

obese3 

p_die_Obese3 

) 

p_post_op_Xmort_SLEEVE

_obese2 

Excess 

post-

operative 

mortality 

for sleeve 

therapy 

and obese2 

if( 

_stage = 0;  

(1-exp(-((((-LN(1-

p_post_op_mort_SLEEVE)))+((-LN(1-

p_die_Obese2)))))));  

p_die_Obese2 

) 

p_post_op_Xmort_SLEEVE

_obese3 

Excess 

post-

operative 

mortality 

for sleeve 

therapy 

and obese3 

if( 

_stage = 0;  

(1-exp(-((((-LN(1-

p_post_op_mort_SLEEVE)))+((-LN(1-

p_die_Obese3)))))));  

p_die_Obese3 

) 

p_SR_major_comp_ASP prob SR 

(peri-

procedure) 

major 

complicati

ons ASP 

0.05 

p_SR_major_comp_BYPAS

S 

prob SR 

(peri-

procedure) 

major 

complicati

ons 

BYPASS 

0.094 

p_SR_major_comp_PIGB 
 

0.036 

p_SR_major_comp_SLEEV

E 

prob SR 

(peri-

procedure) 

major 

complicati

ons 

SLEEVE 

0.058 

p_SR_minor_comp_ASP prob SR 

(peri-

procedure) 

minor 

complicati

ons ASP 

0.22 

p_SR_minor_comp_BYPAS

S 

prob SR 

(peri-

procedure) 

0.171 
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minor 

complicati

ons 

BYPASS 

p_SR_minor_comp_PIGB 
 

0.0006 

p_SR_minor_comp_SLEEV

E 

prob SR 

(peri-

procedure) 

minor 

complicati

ons 

SLEEVE 

0.074 

p_stp_ASP probability 

of 

discontinui

ng 

aspiration 

therapy 

if(_stage = 0; p_stp_aspT00; if(_stage = 1; 

p_stp_aspT01; if(_stage = 2; p_stp_aspT02; 

if(_stage = 3; p_stp_aspT03; if(_stage = 4; 

p_stp_aspT04; if(_stage >= 5; p_stp_aspT05; 

"Error")))))) 

p_stp_aspT00 
 

0.09 

p_stp_aspT01 
 

0.16 

p_stp_aspT02 
 

0.16 

p_stp_aspT03 
 

0.17 

p_stp_aspT04 
 

0 

p_stp_aspT05 
 

0 

u_dis_majorC_ASP 
 

0.004 

u_dis_majorC_BorS Utility 

change 

from major 

complicati

ons for 

bypass or 

sleeve 

0.042 

u_dis_majorC_PIGB 
 

0.014 

u_dis_minorC_ASP Utility 

change 

from 

minor 

complicati

ons for 

aspiration 

0.004 

u_dis_minorC_BorS Utility 

change 

from 

minor 

complicati

ons for 

bypass or 

sleeve 

0.008 

u_dis_minorC_PIGB 
 

0.001 
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u_dis_procedure_ASP Procedure-

related 

utility 

change for 

aspiration 

0.008 

u_dis_procedure_BorS Procedure-

related 

utility 

change for 

bypass or 

sleeve 

0.025 

u_dis_procedure_PIGB 
 

0.002 

u_dis_procedure_PIGB_min

or 

 
-(u_dis_procedure_PIGB)/2 

u_NonObese age-related 

utility for 

non-obese 

group 

if(_age < 31; u_obesityT01; if(30 < _age < 41; 

u_obesityT02; if(40 < _age < 51; 

u_obesityT03; if(50 < _age  < 61; 

u_obesityT04; if(60 < _age < 71; 

u_obesityT05; if(_age > 70; u_obesityT06; 

"Error")))))) 

u_Obese1 age-related 

utility for 

obese1 

group 

if(_age < 31; u_obesityT11; if(30 < _age < 41; 

u_obesityT12; if(40 < _age < 51; 

u_obesityT13; if(50 < _age  < 61; 

u_obesityT14; if(60 < _age < 71; 

u_obesityT15; if(_age > 70; u_obesityT16; 

"Error")))))) 

u_Obese2 age-related 

utility for 

obese2 

group 

if(_age < 31; u_obesityT21; if(30 < _age < 41; 

u_obesityT22; if(40 < _age < 51; 

u_obesityT23; if(50 < _age  < 61; 

u_obesityT24; if(60 < _age < 71; 

u_obesityT25; if(_age > 70; u_obesityT26; 

"Error")))))) 

u_Obese3 age-related 

utility for 

obese3 

group 

if(_age < 31; u_obesityT31; if(30 < _age < 41; 

u_obesityT32; if(40 < _age < 51; 

u_obesityT33; if(50 < _age  < 61; 

u_obesityT34; if(60 < _age < 71; 

u_obesityT35; if(_age > 70; u_obesityT36; 

"Error")))))) 

u_obesityT01 
 

0.91 

u_obesityT02 
 

0.89 

u_obesityT03 
 

0.86 

u_obesityT04 
 

0.83 

u_obesityT05 
 

0.81 

u_obesityT06 
 

0.79 

u_obesityT11 
 

0.89 

u_obesityT12 
 

0.86 

u_obesityT13 
 

0.82 

u_obesityT14 
 

0.8 

u_obesityT15 
 

0.79 
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u_obesityT16 
 

0.76 

u_obesityT21 
 

0.88 

u_obesityT22 
 

0.83 

u_obesityT23 
 

0.79 

u_obesityT24 
 

0.77 

u_obesityT25 
 

0.76 

u_obesityT26 
 

0.74 

u_obesityT31 
 

0.84 

u_obesityT32 
 

0.82 

u_obesityT33 
 

0.75 

u_obesityT34 
 

0.73 

u_obesityT35 
 

0.71 

u_obesityT36 
 

0.69 
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Appendix 18. Sensitivity analysis. 

 

Base case Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cost-Effectiveness Rankings Report (BariatricSurgeryTree_BASECASE_DISTRIBUTIONS_Ibrahim_figures_140222.trex)

Category Dominance Strategy Cost Incr Cost Eff Incr Eff ICER NMB

Excluding dominated undominated PIGB 90140.75438 13.49821323 -90140.75438

Excluding dominated undominated Gastric sleeve 96384.1576 6243.403226 14.34624028 0.848027049 7362.268963 -96384.1576

All undominated PIGB 90140.75438 13.49821323 -90140.75438

All undominated Gastric sleeve 96384.1576 6243.403226 14.34624028 0.848027049 7362.268963 -96384.1576

All abs. dominated Aspiration therapy 109565.911 13181.75339 13.58683435 -0.759405925 -17357.98069 -109565.911

All abs. dominated No treatment 121031.8174 24647.65982 12.05602921 -2.290211065 -10762.1783 -121031.8174

All abs. dominated Gastric bypass 156705.7691 60321.61151 14.26078692 -0.085453359 -705900.9992 -156705.7691
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Results from probabilistic analysis 

  

Statistic

Cost

(Aspiration therapy)

Cost

(No treatment)

Cost

(Gastric bypass)

Cost

(Gastric sleeve)

Cost

(PIGB)

Mean 109,822.00 120,952.19 156,592.84 95,869.29 89,983.36

Std Deviation 29,833.14 39,659.41 57,486.74 36,581.15 21,856.85

Minimum 13,755.00 2,755.00 0.00 0.00 9,722.00

2.5% 39,569.52 22,755.72 54,538.98 39,352.68 29,921.79

10% 69,961.93 57,775.92 81,477.21 62,770.10 56,619.36

Median 110,977.17 130,673.27 158,595.15 79,535.97 96,772.57

90% 145,717.61 165,976.14 229,990.82 133,631.08 110,417.85

97.5% 164,821.95 175,842.02 278,261.18 178,565.07 115,709.16

Maximum 203,034.12 190,694.66 386,437.16 283,377.46 125,455.33

Sum 1,098,220,042.10 1,209,521,910.00 1,565,928,441.07 958,692,907.70 899,833,602.98

Size (n) 10,000.00 10,000.00 10,000.00 10,000.00 10,000.00

Variance 890,016,274.57 1,572,868,850.29 3,304,725,709.34 1,338,180,483.68 477,721,817.09

Variance/Size 89,001.63 157,286.89 330,472.57 133,818.05 47,772.18

SQRT[Variance/Size] 298.33 396.59 574.87 365.81 218.57

Statistic

Effectiveness

(Aspiration therapy)

Effectiveness

(No treatment)

Effectiveness

(Gastric bypass)

Effectiveness

(Gastric sleeve)

Effectiveness

(PIGB)

Mean 13.59 12.06 14.34 14.42 13.48

Std Deviation 3.34 3.30 3.49 3.36 3.16

Minimum 0.38 0.38 0.00 0.00 0.38

2.5% 3.89 3.02 3.33 4.03 3.96

10% 8.98 7.13 9.88 9.94 8.82

Median 14.48 13.14 15.48 15.51 14.51

90% 16.71 15.07 17.17 17.20 16.26

97.5% 17.46 15.57 17.71 17.74 16.62

Maximum 18.48 16.68 18.49 18.50 17.43

Sum 135,882.69 120,563.65 143,356.99 144,204.03 134,765.52

Size (n) 10,000.00 10,000.00 10,000.00 10,000.00 10,000.00

Variance 11.17 10.88 12.15 11.29 10.00

Variance/Size 0.00 0.00 0.00 0.00 0.00

SQRT[Variance/Size] 0.03 0.03 0.03 0.03 0.03

Statistic

NMB

(Aspiration therapy)

NMB

(No treatment)

NMB

(Gastric bypass)

NMB

(Gastric sleeve)

NMB

(PIGB)

Mean -109,822.00 -120,952.19 -156,592.84 -95,869.29 -89,983.36

Std Deviation 29,833.14 39,659.41 57,486.74 36,581.15 21,856.85

Minimum -203,034.12 -190,694.66 -386,437.16 -283,377.46 -125,455.33

2.5% -164,821.95 -175,842.02 -278,261.18 -178,577.68 -115,709.16

10% -145,717.61 -165,976.14 -230,003.74 -133,633.29 -110,417.85

Median -110,979.02 -130,673.27 -158,632.53 -79,535.97 -96,772.57

90% -69,962.87 -57,775.92 -81,477.21 -62,770.10 -56,619.36

97.5% -39,569.52 -22,755.72 -54,538.98 -39,352.68 -29,921.79

Maximum -13,755.00 -2,755.00 0.00 0.00 -9,722.00

Sum -1,098,220,042.10 -1,209,521,910.00 -1,565,928,441.07 -958,692,907.70 -899,833,602.98

Size (n) 10,000.00 10,000.00 10,000.00 10,000.00 10,000.00

Variance 890,016,274.57 1,572,868,850.29 3,304,725,709.34 1,338,180,483.68 477,721,817.09

Variance/Size 89,001.63 157,286.89 330,472.57 133,818.05 47,772.18

SQRT[Variance/Size] 298.33 396.59 574.87 365.81 218.57
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