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The History of Diabetes Mellitus 

It seems likely that diabetes has been around for as long as mankind. Looking 

back over the centuries, and the major civilisations, references to patients with 

diabetes like symptoms can be found. The first recorded reference to the 

symptoms of diabetes is in the Papyrus Ebers written in ancient Egypt about 

1500 BC. This contains a record of abnormal polyuria (1). The early Greek 

societies of Hippocrates and Aristotle made reference to conditions translated 

as " to make water much too often" and "wasting of the body" (2). Aretaeus a 

Greek philosopher (AD 30-90) is credited with naming the illness. Diabetes is 

tran lated to mean "to pas through" or "to siphon". He described the 

ymptom of evere diabetes (3). Roman society also recorded diabetic 

ymptom (4). Avicenna (980-1027 AD), an Arabic physician commented that 

diabete may be primary or econdary to another disease. He also observed 

many of the diabetic ymptom that we know today and even some of the 

complication (5). Hindu writing of the 6th century in the medical text, the 

Su ruta, refer to diabete a honey urine. Chine e writings also contain early 

account of diabete . 

Fifteenth and 16th century European conducted experiments and began 

exploring the po ible aetiology of diabetes. In 1682 Brunner recreated 

polyuria and polydyp ia in animal models by destroying the pancreas (6). 

RoUo in 1776 ugge ted that diet re triction wa important in management, 
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and then Bouchardat in 1875 proposed exercise and a detailed and surprisingly 

modern diet (7, 8). 

In 1869, Langerhans described islands of tissue within the pancreas, the 

islets of Langerhans (9). However it was actually work by Shaffer in 1895 and 

later Opie in 1901 that lead to the realisation that these islets played a central 

role in the patho-physiology of diabetes (10). Paulesco, a Romanian 

physiologist succeeded in obtaining an impure extract from the pancreas of a 

dog, which when injected back gave a temporary symptomatic relief (11). 

Zuelzer in 1908 came close to isolating insulin with a treated human 

pancreatic extract which was given to dogs and ketoacidotic humans. 

Impuritie in the extract caused severe reactions (12). 

The Discovery of Insulin 

In 1920 Banting, who wa a young general practitioner and anatomy 

demon trator in London, Ontario, proposed a series of experiments involving 

ligation of the pancreatic duct in dogs. He wrote to MacLeod, in Toronto who 

agreed to provide the laboratory and necessary equipment for the experiments. 

Banting began hi work in May 1921 assi ted by Best, a medical student. 

Eight week later they succes fully treated a pancreatectomised dog (13). The 

fu t human to receive the new hormone was 14 year old Leonard Thompson 

on 12th January 1922. 



Diabetes in Pregnancy 

The first recorded case of diabetes in pregnancy was by Bennewitz, in 1824 

(14). He considered that this case represented diabetes as a complication of 

pregnancy, which was supported by recurrence of diabetic complications in 

the subject's 4th
, 5th and 6th pregnancies, with disappearance of symptoms 

outside of pregnancy. 

4 

In 1882 Duncan, an early obstetrician, described a series of very 

unsatisfactory outcomes in pregnancies complicated by diabetes (15). In 1909 

Peele collected 66 cases; 27% of mothers died at the time of labour or within a 

week or two of delivery and during the following 2 years a further 22% died. 

One in 8 cases ended in abortion, and in a third of the cases going to term, the 

baby was born dead (16). This high maternal and fetal mortality continued 

until the discovery of insulin. 

In ulin dramatically changed the outlook for diabetic subjects, both for 

tho e wi hing to conceive and those who were pregnant. Maternal mortality 

fell rapidly from 45% to 2-3% (Fig 1.1), however, the perinatal mortality rate 

decrea ed much more slowly over time (Fig 1.2). Our experience at the Royal 

Maternity Hospital, Belfast has been similar (Fig 1.3). Figure 1.3 also 

demonstrate the relationship between diabetic pregnancy and background 

ho pital perinatal mortality rate. The lack of significant improvement in fetal 

mortality focused attention on how this might be improved. Priscilla White 



observed that a balance between oestrogens and other placentally derived 

hormones played a crucial role in fetal outcome. Those women with a normal 

hormone balance had a 97% fetal survival, whereas those with abnormal 

hormone balance had a 47% fetal survival (17). It was noted that there was a 

significant increase in the perinatal mortality rate after 36 weeks gestation. 

Mortality rates were directly linked to fetal size, and because of these 

concerns, the majority of diabetic pregnancies were delivered at 36 weeks, 

which obviously carried a significant risk of perinatal morbidity. 

From 1940-1970 centralisation of pregnant diabetic care and close co

operation between specialists, brought about the next major advances in 

improving diabetic outcome. Pri cilla White was a pioneer in this area in 

5 

Bo ton, Ma acchu etts (1 8). Other large centres were Karlsberg in Germany, 

the Rig ho pital in Copenhagen, and King' College Hospital in London. 

Variou in titutional protocol emerged aimed at improving both maternal and 

fetal outcome. In the continuou earch for improvements in outcome an 

epidemiological approach wa developed. Jorgen Peder en of Copenhagen 

wa a phy ician who produced the fir t book on the ubject, "The Pregnant 

Diabetic and her Newborn", in 1967 (19). He showed that fetal morbidity was 

ignificantly lower in a patient who e diabete wa clo ely supervi ed over 

many year rather thanju t before delivery. This led to closer surveillance of 

diabetic pregnancy. There wa a gradual recognition that improving blood 

gluco e control in pregnancy improved outcome. Peder en proposed his 
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hypothesis that glucose and other fuel molecules lead to elevated glucose 

levels in the fetus, with the resultant fetal hyper-insulinaemia giving rise to the 

known complications (summarised in Fig 4). In 1977 Karlsson and Kjellmer 

showed a linear relationship between maternal non fasting blood sugar and 

perinatal mortality (20). These findings and those of numerous other studies 

led to glucose levels during pregnancy being maintained as close to non

diabetic levels as possible and resulted in a further rapid decline in perinatal 

mortality. 

The early 1970's saw the introduction of ultrasound into obstetric 

practice. This improved the detection of fetal abnormalities in early pregnancy 

and allowed fetal surveillance; mainly of fetal growth parameters and amniotic 

fluid volumes. By the mid 1970's the perinatal mortality rate in most large 

unit had dropped to le s than 5%. From the late 1970's onward the aim of 

trying to achieve euglycaemia throughout pregnancy was greatly facilitated by 

the introduction of portable reflectance meters to monitor capillary blood 

gluco e and the u e of glyco ylated haemoglobin as a longer term measure of 

glycaemic control. 

Neonatal care of the offspring of diabetic pregnancy has also improved 

markedly in the la t few decades. Improved ventilator techniques, the use of 

urfactant and antenatal teroid injections has meant that many babies are now 

urviving the difficult neonatal period. The definition of perinatal mortality 
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has changed with the lower limit of viability reduced from 28 weeks 

previously to that of 24 weeks. Currently some units are achieving diabetic 

perinatal mortality statistics close to that of the general population (21,22), but 

this is by no means the universal experience and problems still exist. A large 

percentage of diabetic pregnancies have babies born large for dates or 

"macrosomic" despite apparently good glycaemic control. The incidence of 

congenital abnormalities remains fairly constant at around 10%. Work has 

shown that improved blood sugar control in the preconceptual period will 

prevent many malformations (23). There is a continuing need to optimise 

glycaemic control prior to pregnancy. Pre-pregnancy care is cost effective in 

human and financial terms (24, 25). Discussion about pregnancy and 

contraception should be conducted with all diabetic girls and women of 

childbearing age. 

More recently there has been a realisation that diabetes can beget 

diabete (26, Fig 1.5) and that intrauterine programming is a major 

aetiological factor behind the u ceptability of some chronic adult diseases 

(27). Freinkel modified the Pedersen hypothesis by suggesting that abnormal 

fuel delivery may exert long - range effects upon offspring by modifying 

phenotypic gene expres ion in certain cells during key phases in their 

intrauterine organi ation, replication, differentiation, and / or their functional 

maturation. He termed this fuel mediated teratogenesis (Fig 1.6). 
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Intrauterine fetal programming of disease 

A series of studies from Europe, the United States and developing countries, 

has shown that low birth weight, or other indices of sub-optimal fetal growth 

including thinness at birth, are linked with raised blood pressure, glucose 

intolerance and increased cardiovascular risk in adult life (33). Although the 

mechanisms are not fully understood several possible explanations exist. The 

first is that they arise as a result of in utero programming. The second 

explanation is that the a ociations represent the influence of one or more 

gene which influence fetal growth and predispose infants to raised blood 

pre ure or metabolic di ea e in adult life (34). The third, and perhaps most 

likely explanation i that a combination of genetic and environmental factors 

are operating. 

The Barker Hypothe i 

Da id Barker and hi colleague in the Medical Re earch Council Unit in 
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outhhampton, UK have been re pon ible for a remarkable erie of 

publication in which cau e of adult morbidity and mortality have been 

related to fetal and infant life (33, 35). The concept i that there are certain 

time in early life when the fetu or infant may be particularly u ceptible to 

ad er e influence, which may produce lifelong effect on organ tructure and 

functi n. Central to the hypothe i i that uch programming i the re ult of 



malnutrition in utero. The following is a synopsis of this group's published 

work to date (33, 35) 
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The first clues as to the importance of early life in determining adult disease 

came from population studies relating high perinatal and infant mortality rates 

in the early part of the 20th century to standardised mortality ratios attributed 

to coronary heart disease, and the relationships between infant death rates 

from respiratory infection and adult mortality from chronic bronchitis. Follow 

up studies of individuals, whose neonatal anthropometry was documented in 

previous hospital records, led to further associations being reported between 

low birthweight and mortality from coronary heart disease, and the diagnosis 

of hypertension and other adult diseases. Another piece of evidence was the 

inver e relation hip between coronary heart disease deaths and weight at one 

year of age, reported only in men and unrelated to birthweight. More recent 

publication from Barker' group have related variations in newborn ponderal 

index and placental ratio to ubsequent hypertension. Hypertension in adult 

life i a ociated with blood pre ure in childhood. However the relationship 

between adult blood pre ure and fetal weight is not a simple one but depends 

on the fetal to placental weight ratio. The small baby with the relatively higher 

placental weight to birthweight ratio is more prone to hypertension. This may 

reflect a failure to reach the intrauterine growth potential of the individual 

fetu . Other ob ervation include a high correlation between adult serum 

chole terol and abdominal circumference at birth. Abdominal circumference is 

related directly to liver ize, which i reduced in asymmetrical growth 



16 

retardation. There is a fall in the levels of the coagulation factors fibrinogen, 

and factor VII with increasing weight at one year of age. Small size at birth is 

associated with high rates of obesity and non insulin dependent diabetes. 

Barker has refined his ideas still further suggesting that fetal 

undernutrition operating in the different trimesters of pregnancy will have 

different affects on birth weight and disease pattern. First trimester 

undernutrition leads to a down regulation of growth with reduced birthweight 

and a small infant which continues to grow poorly with low weight at one year 

of life. In adult life such infants are prone to hypertension and death from 

haemorrhagic stroke. In the second trimester undernutrition leads to a reduced 

birth weight with a low ponderal index, a normal weight at one year of age, and 

pronene to hypertension and non insulin dependent diabetes and death from 

coronary heart di ea e in adult life. A third trimester insult leads to 

a ymmetric growth retardation with reduced weight at one year of life. 

Increa ed blood pre ure, LDL cholesterol and fibrinogen levels are observed 

in adult life and there are increa ed mortality rates from coronary heart disease 

and thrombotic troke. Barker sugge ts that disease prevention in subsequent 

generation can be achieved by focusing attention on the nutrition of mothers 

and their babie . 
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The fetal insulin hypothesis 

As an alternative hypothesis, Hattersley and Tooke propose that the 

association between low birthweight and adult insulin resistance is principally 

genetically mediated (34). They suggest that genetically determined insulin 

resistance could result in low insulin-mediated fetal growth in utero as well as 

insulin resistance in childhood and adulthood. Low birth weight, measures of 

insulin resistance in life, and ultimately glucose intolerance, diabetes, and 

hypertension could all be phenotypes of the same insulin resistant genotype. 

There is evidence supporting this hypothesis. Fetal insulin secretion is 

one of the key determinants of fetal growth, acting mainly in the third 

trimester when the weight of the fetus increases greatly. The hypothesis 

ugge t that fetal insulin-related growth reflects not only maternal glycaemia 

but also fetal genetic factors that regulate insulin secretion by the fetal 

pancrea and the en itivity of fetal tissues to the effects of insulin. Monogenic 

di ea e that impair ensing of glucose, lower insulin secretion, or increase 

in ulin re i tance are a ociated with impaired fetal growth. Polygenic 

influence re ulting in insulin resistance in the normal population are therefore 

likely to result in lower birthweight. Abnormal vascular development during 

fetal life and early childhood, as a result of genetic insulin resistance, could 

al 0 explain the increased risk of hypertension and vascular disease. The 
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predisposition to type 2 diabetes and vascular disease is likely to be the result 

of both genetic and fetal environmental factors. 

Other theories and criticisms of the fetal origins hypothesis 

In 1991 Ben-Shlomo and Smith suggested that post natal environmental 

factors might be responsible for more of the differences in coronary heart 

disease mortality than Barker had suggested. Their main point resulted from a 

re-analysis of published data based on corrections for socio-economic status in 

adult life (36). Further criticism of the Barker hypothesis came from Paneth 

and Susser in 1995 (37), who suggested the need to test the hypothesis and 

highlighted a number of problems with the data. Firstly, the absence of an 

altered adult mortality pattern in twins despite their frequent exposure to 

intrauterine growth retardation. Further data from the Birmingham twin study 

al 0 concluded that birth ize in twins did not predict adult blood pressure or 

gluco e tolerance (38). The second related to variations in placental index for 

which anaemia i not the ole cau e, because other nutritional and non 

nutritional factor mu t be operating. Thirdly, they felt that extrapolations 

were being made from very small numbers, and selection bias might be 

operating. Fourthly, confounding might have existed due to maternal smoking. 

Finally, they ugge ted that fetal and infant anthropometry does not bear a 

imple relation hip to maternal and infant nutrition, instead this is 

multifactorial. 
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The diabetic pregnancy 

Perhaps less well appreciated is the fact that association between birthweight 

and rates of adult obesity and non insulin dependent diabetes are not confined 

to subjects of low birth weight, but are also seen in those of high birth weight 

(39). This 'U'shaped relationship was first described during studies of the 

Pima Indians' in whom the association of adult disease with high birth weight 

wa attributed to the presence of hyperglycaemia during pregnancy (39). 

Further work by McCance et al on the Pima Indian population proposed that 

the increa e in prevalence of diabetes among subjects with low birth weight, 

could reflect the elective urvival of low birthweight infants genetically 

u ceptible to developing diabete (40). As in ulin resistance seems to be an 

important abnormality preceding non-in ulin dependant diabetes in the Pima 

Indian and in other population (41) low (and high) birth weight might be 

exp cted to be a ociated with in ulin re i tance. They proposed that genetic 

predi po ition to in ulin re i tance may repre ent the mechani m which 

facilitate uch elective urvival advantage over many generation and 

ultimately lead to a high prevalence of diabete and other manife tation of 

in ulin re i tance in contemporary population. Thi hypothesis has been 

termed the urviving mall baby genotype and offer a further alternative 

the ry t tho e mentioned in the preceding ection. 



The long range anatomical and functional changes that result from 

development in a diabetic intrauterine environment can be divided into four 

areas 
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i ) Growth: Growth rate, stature, and the development of obesity are increased 

during childhood and early adulthood. Also the development of obesity during 

the latter stages of pregnancy in the offspring of diabetics can be excessive. 

ii ) Glucose homeostasis: Because of genetic as well as environmental factors 

glucose tolerance is more likely to be abnormal in the offspring of diabetic 

than non diabetic pregnancy. 

iii ) Neurological and Psychological development: Offspring of high risk 

pregnancie can have neurological defects. The impact of diabetes in the 

mother in isolation leads to relatively minor long term sequelae. 

i v ) Mi cellaneou : A combination of long term sequelae of congenital 

tructural abnormalitie and the residual affects of birth trauma. 

Perinatal mortality rates have improved markedly in diabetic pregnancy, but 

the number of babies surviving with significant morbidity has also increased. 

Therefore the asse ment of diabetic pregnancy outcome and its major 
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indicators has become more complex and is no longer simply reflected by the 

perinatal mortality rate. 

Growth 

Most studies report that offspring of diabetic women are heavier for a given 

height and often taller than the offspring of non diabetic women. The results of 

a number of studies are shown below in Table 1 (42-55). High weight to 

height ratios, suggesting an increased prevalence of obesity, are common. 

Breidahl found that 27% of the offspring of diabetics were above the 90th 

centile for height while 21 % were above the 90th centile for weight (49). Adler 

reported that 24% of school age offspring of diabetic women having a dental 

examination were above the 90th centile for weight (56). Cummins and Norrish 

found that offspring of diabetic women were disproportionately large with 20 

% having kinfold thicknesses above the 90th centile (46). Vohr found that 

obe ity in children wa correlated with birth weight among the offspring of 

diabetic women. Tho e who had a large birth weight for gestational age were 

more obe e than those with a normal birthweight for gestation (52). Among 

the Pima Indian population of Arizona examined after 5 years of age, the 

off pring of diabetic women were heavier for height and more likely to be 

obe e than the offspring of non diabetic women (54). This association between 

diabete in pregnancy and childhood obesity was not confounded by maternal 

obesity. 
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Evidence that excess growth in offspring of diabetic mothers is not simply due 

to genetic factors alone comes from three areas: 

1) Obesity was not seen in the offspring of women who developed diabetes 

only following delivery, compared with those who had diabetes during 

pregnancy (43, 54). 

2) Obesity in the offspring of diabetic women cannot be accounted for simply 

by maternal obesity (54, 57). 

3) Excessive growth was not seen in the offspring of diabetic fathers to the 

same extent that it was seen in the offspring of diabetic mothers (42). 

Adipocyte hypercellularity and increased lipid content has been found in the 

children of women with gestational diabetes as well as in those with insulin 

dependent diabetes. Adipocyte hypercellularity is seen in the offspring of 

ge tational diabetics by 1 to 2 months of age (58, 59), but not until 2 years of 

age in the off pring of insulin dependent diabetic subjects (60). 

Glucose intolerance 

Report from everal countrie have documented high rates of diabetes in 

off pring of diabetic parents, and conversely, high rates of diabetes in parents 

of children with diabetes. Some of these reports are summarised in Table 2 

(52-66). While there are no reports of lower than expected rates of diabetes in 



offspring of parents with diabetes, rates of diabetes in these offspring range 

from 5 to 225 times higher than the general population. 
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It is generally accepted that diabetes is familial, but transmission does not 

follow the simple Mendelian patterns and appears to be influenced by both the 

environment and the genetic background (67-69). 

How much of the excess diabetes in the offspring of diabetic mothers can be 

attributed to the environment is not clear, but there is evidence that the 

intrauterine environment plays an important role. Inheritance of the 'diabetes 

gene' may be necessary for the environment to have an effect. 

Many tudies of the familial occurrence of diabetes have not distinguished 

between parental diabete developing before and that developing after the 

pregnancy, 0 children who were the products of metabolically normal 

pregnancie but who e mother eventually developed diabetes have been 

included in the analy i . Nevertheles , tudies looking at the offspring of 

women with diabete generally find quite high rates of type 1 and type 2 

diabete compared to off pring of non diabetic women (42,61,62, 70-73). 

High rate of diabete have generally been found in offspring of diabetic 

father al 0, but it i generally recogni ed that a maternal environment has a 

greater influence on the next generation than a paternal diabetic environment 

(42). 
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Warram reported higher rates of diabetes among the offspring of men than of 

women with type 1 diabetes (73). They speculated that in a diabetic pregnancy 

there might be a selective fetal loss of those fetuses with inherited diabetes 

susceptibility. Among type 1 diabetes in children, several studies reported a 

greater proportion had fathers with diabetes than had mothers with diabetes 

(74, 75). 

Among the Pima Indians, a population with a very high prevalence of 

type 2 diabetes, the diabetic intrauterine environment appears to have a greater 

effect on gluco e tolerance in the offspring than does paternal diabetes (62). 

Rate of diabete were higher in offspring of women with onset of diabetes 

before pregnancy than in off pring of women who developed diabetes later. 

Thi difference per i ted after accounting for the age of onset of maternal 

diabete . Even among off pring without diabetes, the mean glucose 

concentration wa higher among off pring of diabetic women than among 

women who developed diabetes after the pregnancy. 

From 34 week of ge tation, the infant of diabetic mothers have histological 

evidence of hyperpla ia of the i let cell, a higher ~ cell mass and a greater 

pancreatic in ulin content than do the infant of non diabetic mothers (76-79). 

Clinically the erum in ulin and c-peptide are elevated from birth, sometimes 

re ulting in hypoglycaemia (77, 80-82). The hyperinsulinaemia is transient, 

re oIving within the fir t few day of birth, but islet cell abnormalities persist. 
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Naeye found that in overweight infants of diabetic women, the islets 

constituted almost 11 % of the total pancreas compared to 3.5% in controls 

(83). This increase was due to both islet cell hyperplasia and hypertrophy. 

Hultquist and Olding found pancreatic islet fibrosis at autopsy in a high 

proportion of infants of diabetic women surviving up to 5 months of age (84). 

Nelson found islet cell fibrosis in infants of diabetic mothers surviving up to 

14 months of age (85). 

Fibrosis of the fetal islet cell observed for over a year after birth and for 

hypertrophy and hyperplasia of the islets, may persist through life in some 

off pring thereby affecting glucose tolerance later. 

The challenge for the future i to see if a degree of diabetes control can be 

achieved both before and during pregnancy that will prevent the fetal imprint 

of maternal diabete , thu allowing the offspring to grow and develop 

normally, both before and after delivery. If this is achieved it may reduce the 

prevalence of diabete in future generation . 



Table 1.1 Growth in offspring of diabetic mothers 

Reference n Age Height 
yrs 

Cross sectional studies 

l.White (42) 105 1-20 M:60%>SOthC 
F:31 %>SOthC 

2. Hagbard et al (43) 239 0-30 shorter 
3. Verdy et al (44) 734 >20 
4. Weitz & Lamon (45) 55 3-16 M: 14%>97hC 

F: 9%>97lhC 

5. Cumrnin & (46) 50 4-13 20%>90lhC 
Norri h 

6. Per son et al (47) 73 5 
7. Bergmann et al (4S) 19 2-17 

Longitudinal tudies 

8. Breidahl (49) 200 1-31 27%>90lhC 
9. Farquhar (50) 231 0-IS 9%<3rdC 
1O.Stehben et al (51) 47 1-5 

11.Vohr et al (52) 34 0-17 
12.Gerlini ct al (53) 234 0-4 

13.Pettit et al (54) 7 15-19 

14. ilverman et al (55) 124 0- median 75thC 

SI ( ymmetry Index); ratio >1.215 con idered obe e. 

Weight! Adiposity 
at 1 yr 

50%>95thC 
20%>95thC 

heavier 
25%>20%IBW 

19%>97thC 
12%> 97 thC 

7%skin folds >9ihc 
32%>90lhC 

20%skin folds>90thC 
1> 140% lBW 

21 %SI>=1.2 

21 %>90lhC 
22%,SI> 1.25 

M:mean wt>50% 
F:mean wt at 50% 
40% LGA,SI> 1.2 
greater wt & wt!ht 
If poor mat control 
145%IBW v 117% 
lBW in non diab off 

50%>90thC 

Obesity Birth Ante 
wt control 

correl n correl n 

yes 

no 

no yes 
no 

no yes 
no yes 

no yes 

no yes yes 

BWT correl" (Birthweight c rrelation); relation hip between birthweight and later observations of obesity. 

Ante control correln (Antepartum control correlation); relation hip between maternal diabetic control and 

obe ity in off pring. 

- (not tudied). 
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Table 1.2 Glucose Tolerance in the Offspring of Diabetic Mothers. 

Reference n Age of offspring IGT Diabetes Type of mat diabetes 

Bibergeil et al (61) 352 5-15 15.9% 18.4% PGDM 

Pettit et a1 (62) 404 20-24 45% NIDDM PGDMlGDM 
8.6% prediabetic 
1.4% none 

Kohlhoff et a1 (63) 27 3-8 33.8% PGDM 
Omori et a1 (64) 56 10 49% 9.8%NIDDM PGDM 
Pribylova et al (65) 175 2-25 5.9% 8.3% PGDM 
Silverman et a1 (66) 88 10-16 17% 2.3%NIDDM PGDMlGDM 

1% IDDM 
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Metabolic changes in normal and diabetic pregnancy 

Normal pregnancy 

During normal pregnancy, maternal metabolism adjusts to cope with the 

growing fetoplacental unit. In early pregnancy glucose homeostasis is affected 

by increases in oestrogen and progesterone which lead to ~ cell hyperplasia 

and increased insulin secretion (86). There is increased peripheral utilisation 

of gluco e by other tis ues such as the brain. Glycogen deposition occurs in 

the liver and peripheral ti ues. Glucose release from the liver is also 

uppre ed. All the e features lead to lower blood glucose levels (Fig 1.7). 

Level of fatty acid, triglycerides and ketones are increased. Circulating 

maternal amino acid level are lower than in the non pregnant state. These 

re pon e are akin to atarvation re pon e, directing glucose to tissues of most 

need and burning alternative fuel. Maternal mechanisms that try to offset this 

tate of 'accelerated tarvation' include increased protein catabolism and 

accelerated renal gluconeogene i (87). 

A pregnancy progre e lipid become an important maternal fuel. 

Human placental lactogen, secreted by the placental yncytiotrophoblastic cell, 

timulate lipoly i in peripheral ti ue. Thi effect increases as pregnancy 

progre e. Glycerol and free fatty acid are relea ed and therefore maternal 

utili ation of gluco e and amino acid decrea e thu paring these hormones 

for placental tran fer and ultimately utili ation by the fetus. Human placental 
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lactogen and other hormones such as free cortisol, oestrogen, and 

progesterone are responsible for this peripheral resistance to the action of 

insulin, and the preferential lipid mobilisation as described (Fig 1.8); thus the 

'diabetogenic' state of pregnancy. In normal pregnancy glucose balance is 

maintained by an increased production of pancreatic insulin (Fig 1.9). 

Glucagon, which has both glycogenolytic and gluconeogenic actions, 

doe not appear to have a major contribution to the diabetogenic stress of 

pregnancy. There i only a modest increase in glucagon levels as pregnancy 

progre e (88). In normal pregnant women, glucagon levels appear to be 

uppre ed in re pon e to gluco e administration (89). 

Thu the metabolic re pon e to feeding in pregnancy is characterised by 

hyperin ulinaemia, hyperglycaemia, and hypertriglyceridaemia accompanied 

by a decrea e in glucagon re pon e. Thi ha been termed 'facilitated 

anaboli m', and counterbalance the 'accelerated tarvation' of the fasting 

tate (90). 

Maternal gluco e pa e to the fetu by carrier mediated facilitated 

diffu ion. Fetal gluco e level appear to remain 20-30 mg/dllower than the 

maternal level. Thi probably reflect gluco e uptake and usage by the 

placenta. There i a clo e correlation between fetal gluco e uptake and 

maternal level at all range (91). Protein hormone such as insulin, glucagon, 



growth hormone, and human placental lactogen do not cross the placenta. 

Ketoacids appear to diffuse freely across and may serve as fuel for the fetus 

during periods of maternal starvation (92). 

Diabetic pregnancy 
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Because of the physiological lowering of blood sugar in early pregnancy 

insulin dependent diabetics can commonly experience hypoglycaemia in early 

pregnancy. Subjects with type 1 diabetes cannot mount the increased insulin 

re pon e and therefore needs exogenous insulin for glucose regulation. 

In the in ulin dependent diabetic pregnancy, maternal hyperglycaemia 

re ult in fetal hyperglycaemia. Persi tent elevation of fetal glucose will lead 

to B-cell pancreatic hyperpla ia and ub equent fetal hyperinsulinism (19). 

Other 'fuel ' that cro the placenta in increa ed numbers in the diabetic 

pregnancy are amino acid . Studie have hown that birth weight can be 

correlated to fa ting amino acid level (93). Mol ted -Peder en showed that 

increa ed free fatty acid level in diabetic pregnancy correlated with infant 

birthweight (94). Other tudie found a ignificant elevation of free fatty 

acid in ge tational diabetic compared with normal pregnancy (95). Gillmer 

reported that the u e of in ulin therapy reduced free fatty acid levels as 

glycaemic control improved (96). 
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Fig 1.7 Plasma fasting glucose concentrations throughout normal pregnancy. 

Reference (97): Lind T, Aspilliga M. Metabolic changes during normal and diabetic pregnancies. In: 
Diabetes Mellitus in Pregnancy: Principles and Practice. 1988. Churchill Livingstone. Pg. 77. 
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Fig 1.9 The effect of pregnancy on stimulated insulin secretion. The 
increment in circulating in ulin above basal values (bottom line) after 
challenge with gluco e (top line) have been summated to derive an index of 
timulated ecretory re pon e. The figure compares range of published 

value during pregnancy with imilar e timates secured in non-gravid 
ubject . 

Reference (26); Freinkel N. The Banting Lecture 1980: Of Pregnancy and 
Progeny. Diabete 1980; 29: 1023-35. 
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Classification, Screening and Diagnosis of Hyperglycaemia in pregnancy 

Classification 

There are few other areas of diabetes research that have aroused such 

confusion and controversy as the classification and diagnosis of diabetes in 

pregnancy. Attempts have been made at classification by various groups and 

medical specialities, however, these are driven by differing goals and agendas. 

Respected international bodies (98-100), three international workshops (101-

103) and a number of position statements (104-106) have attempted to provide 

a clarity of approach, but this is still lacking. 

Peder en wa the first to use the expression 'gestational diabetes', by 

which he meant 'chemical diabetes diagnosed for the first time in a pregnant 

woman with a normal fa ting blood sugar and a non-diabetic curve 

demon trated in ide the first weeks of the puerperium' (19). He therefore 

recogni ed that the final diagnosi could only be made after delivery. 

Diabete in pregnancy can be in three forms. 

1) Type 1 or insulin dependent diabetes that is known to be present in 

the mother prior to conception. 

2) Type 2 or non-insulin dependant diabetes that is known to be 

present in the mother prior to conception. 



3) Gestational diabetes mellitus. Gestational diabetes is curently 

defined as the onset or first recognition of glucose intolerance 

during pregnancy (107-109). 
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These definitions mean that gestational diabetes is a mixture of undiagnosed 

typel and type 2 diabetes, and 'true' gestational diabetes. It is recommended 

that the type of diabetes occurring during pregnancy, is redefined after 

completion of the postnatal period, by reassessment of the glucose tolerance. 

The glucose tolerance must return to normal after delivery for the diagnosis of 

ge tational diabetes to be confirmed (110). 

An alternative classification proposed by Dr Priscilla White, many 

year ago, was readily accepted by the obstetric world. This classification was 

ba ed on age of on et, duration of diabetes prior to pregnancy, and the 

pre ence of pecific long term diabetic complications (Table 1.3). Dr White 

did not intend to produce a eparate classification for hyperglycaemia 

diagno ed for the first time in pregnancy, however, the majority of these 

patient initially fell into White' class A (diabetes in pregnancy not treated 

with in ulin). The number of patients in class A has shrunk as more patients 

have required insulin treatment. Freinkel uggested subdividing class A 

depending on the fa ting glucose levels with Al < 105 mg/dl and A2 > 105 

mg/dl (26). Other have cla ified all insulin treated patients as class B or class 

NB (19). 



Our pregnant diabetic study population comprised entirely patients with a 

diagnosis of Type 1 diabetes, prior to pregnancy. 

36 
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Table 1.3 Modified White Classification of Pregnant Diabetic Women 

Class Diabetes onset Duration Vascular Insulin 

(years) (years) disease * need 

Gestational 

Al any any 0 0 

A2 any any 0 + 

Pre gestational 

B >20 <10 0 + 

C 10-19 10-19 0 + 

D <10 >20 + + 

F any any + + 

R any any + + 

T any any + + 

H any any + + 

* Va cular Disea e 

D - Hyperten ion or background retinopathy including micro-aneurysms, exudates. 

F - Patient with underlying renal di ea e . Reduced creatinine clearance or 
Proteinuria >400mg/24 hr at < 20 week ge tation. 

R - Patient with proliferative retinopathy 

T - Pregnancy following renal tran plantation 

H - A ociated with i chaemic myocardial disease 
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Screening 

Hyperglycaemia in pregnancy is a term that encompasses a large spectrum of 

disordered carbohydrate metabolism, from mild hyperglycaemia to overt 

diabetes. Pregnancy affects carbohydrate metabolism mainly through a 

decrease in insulin sensitivity, leading to higher postprandial glucose levels. In 

a pregnant woman with normal pancreatic P cell function, insulin secretion is 

increased in response, and glucose homeostasis is restored. Pregnancy thus 

puts added pressure on p cell reserve and can unmask those patients with a 

limited reserve, resulting in hyperglycaemia of varying degrees. 

Hyperglycaemia in pregnancy presents a major risk to the fetus, the 

effect of which extend through fetal life into neonatallife, adolescence and 

adulthood. The aim of creening mothers for abnormal carbohydrate 

metaboli m in pregnancy i to reduce fetal and maternal morbidity. 

A number of screening te ts are in current use. The more common 

method in the UK include: 

i) as es ment of clinical risk factors 

'The potential diabetic': family history of diabetes in a first degree 

relative, a previous baby> 4.5kg, a previous unexplained stillbirth or 

neonatal death, a previous fetal abnormality, maternal weight> 90kg, 

or previous gestational glucose intolerance. 
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ii) the presence of glycosuria 

iii) random plasma glucose values 

iv) glycosylated haemoglobin. 

A 50 g oral glucose challenge test is commonly used as a screening method in 

the US. 

There is no consensus view as to the best method of screening for 

hyperglycaemia in pregnancy (111). The hospital protocol routinely used in 

the Royal Maternity Hospital during our research is similar to that 

recommended by the British Pregnancy and Neonatal Care Group (112). 

Diagno is of gestational diabetes 

Ge tational diabete a defined by the WHO (99, 100), is diagnosed using a 75 

gm oral gluco e tolerance te t (OGTT) with blood glucose estimations at 0, 

30, 60, 90 and 120 minute, and defined cut off point at 0 and 120 minutes. It 

now include a category of impaired ge tational gluco e intolerance (IGT), an 

intermediate category between normality and ge tational diabetes. In North 

America the 100gm OGTT i more commonly u ed for the diagnosis of 

ge tati nal diabete , defined by the American Diabetes A ociation, and using 

cut off point at 0, 1,2, and 3 hour (NDDG) criteria (103, 113). In the US a 

50g OGTT i u ed a a creening test to identify those mothers requiring a 

100g OGTT, but i u ed by ome a a diagno tic te t (111). The WHO criteria 

are mo t widely u ed out ide North America and have been further modified 
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by the Diabetes in Pregnancy Study Group of the European Association for the 

Study of Diabetes (114). Following a realisation by this group that the WHO 

criteria identified two or three times more women than did other methods, the 

upper limit of the 2 hour glucose value was increased from 8 to 9 mmolll (144 

to 162 mg/dl). Oral gluco e tolerance test criteria for diabetic pregnancy are 

ummari ed and compared in Table 1.4 (98-100, 108, 114-119). 

The OGTT ha been traditionally used to diagnose gestational diabetes. 

It u e an non phy iological glucose load (120), which may be unpalatable to 

pregnant women (121). The re ult do not reflect the levels of blood glucose to 

which the fetu i normally expo ed. It seems more logical to study maternal 

glycaemic re pon e to the intake of normal food (122). Many centres measure 

gluco e before and after a tandardi ed meal in mothers with an abnormal 

GTT re ult, before con idering the need for treatment. Sutherland and 

c Ueague in Aberdeen found that gluco e re pon e to a tandardised 

breakfa t le t meal correlated more cIo ely with percentile birthweight than 

the 75g OGTT (121). In Belfa t, a compari on of a 40g, 300 kcal breakfa t 

meal te t and a tandard 75 g OGTT, howed that the breakfast meal wa as 

effective in detecting new hyperglycaemia (123). 



Author 

O'Sullivan et .I. • 

GiJlmer et aJ. 

Merkatz et Rt. 

( 115) 
( 116) 

(108 ) 

Fasting 

5.0 
(90) 

+ 

5.B 
(105) 

(117) 6.1 
(lID) 

Mestman 

ND1JGI ~ ( 98 ) .5.8 
(05) 

Carpenter and Coustan (118) 5.3 
(95) 

WHO aGT, G-IGT) ( 99 ) <7.8 
(HO) 

WHO (DM, GDM) ( 100) ~7.8 

Oats and Betedw- (11 9 ) 

Sampling times 

Ih 

9.2 
(165) 

+ 

10.3 
(185) 

11.1 
(200) 

10.6 
(190) 

10.0 
(80) 

9.0 
(162.) 

2h 

8.1 
(145) 

+ 

7.7 
(140) 

B..3 
(150) 

9.2 
(165) 

8.7 
(155) 

7.8-11.1 
(140-199) 

>200 

7.0 
(126) 

Table 1.4 Oral glucose tolerance test criteria during pregnancy 

3h 

7.0 
(125) 

+ 

6.9 
(125) 

7.2 
(130) 

8.1 
(145) 

. 7.8 
(140) 

Load (g) 

100 

50 

7S 

100 

100 

100 

75 

75 

50 

Comment 

2 or more met or 
exceeded 
>42 area units 
above baseline 
2 values met or 
exceeded 
2 values met or 
exceeded 
2 Of'more must be 
JrW!t/excceded 
2 values met or 
exceeded 
Both must be met 

Either fasting or 
2 h value met or 
exceeded 
Both values met Or 
exceeded 

lOT, impaired glucose tolerance; O-IOT, gestational impaired glucose tolerance; DM, diabetes mellitus; ODM, gestational 
diabetes mellitus. 
a. Measured on whole blood using Somogi-Nelson method. Figures rounded to nearest 5mg/dl. The remaining criteria are 

based on plasma using glucose oxidase / hexokinase methodology. 
b. Corrects for change from whole blood to plasma or serum glucose and for the use of glucose oxidase or hexokinase 

methodology. In non pregnant state a 75 g glucose load is used. lOT is defined as fasting < 140, 1h ~200, 2h 140-199 
(all three must be met). Diabetes: fasting ~ 140, 1h ~ 200, 2h ~ 200 (either fasting or 1 and 2 hour values must be met) . 

Ref (124); McCance DR. Classification and Diagnosis of Diabetes in Pregnancy. In: Diabetes and Pregnancy. An 
International Approach to Diagnosis and Management. Domhorst A, Hadden DR (eds), 1996. Wiley. Page.27. 
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Methods of assessing glycaemic control 

Glucose monitoring 

Following the discovery of insulin it was recognised that therapy needed to be 

based on measures of glucose concentration (Fig 1.10). Blood glucose analysis 

wa possible in a hospitalised patient but outpatient assessment was more 

problematic. Initial efforts were directed at urinalysis, involving boiling urine 

and a e sing colour change with the addition of Fehling's solution (125-127). 

Thi proved laborious and of limited prognostic value. 

elf monitoring of blood glucose followed in 1978, proving acceptable 

to patient and of clinical value (125-130). The introduction of portable blood 

gluco e meter in the early 1980' revolutionised glycaemic control. For the 

fir t time the diabetic ubject had a quick, reliable and portable method of 

readily a e ing blood gluco e level a they went about their daily lives. 

In ulin therapy could then be adjusted to fit in with daily life with the 

confidence gained from being able to know one's blood glucose at any 

particular time if required. The e portable home glucose meters have 

improved markedly in the la t two decades. We have now reached a point in 

we terni ed ociety where all pregnant diabetic women should be able to self 

monitor their own capillary blood glucose throughout pregnancy. The latest 

monitor are pocket sized, light, simple to use, durable, and accurate with 
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performance rates very comparable to laboratory auto analysers. They allow 

detailed record keeping of glucose concentrations and of insulin doses. Patient 

symptoms or 'events' can be recorded, as can mealtimes. Most glucometers 

are memory based and the stored information can be readily transferred to a 

computer software package allowing inspection of all results. 

Glycosylated Haemoglobin 

In 1912 Maillard described the chemical reaction of reducing sugars with 

amino acid re ulting in stable keto amine adducts (131). This predated the 

di covery of in ulin, and thus it is hardly surprising that the relevance of this 

di covery, namely, the interaction between glucose and protein was not 

appreciated at the time. Indeed it was many decades later before AlIen et al 

identified 3 mall fraction of haemoglobin A in 1958 (132). HbA1c is the 

large t of the e fraction. Gluco e bonds to the N terminal of the ~ chain, by 

non enymatic linkage, to form an aldimine linkage (schiff base), which then 

undergoe an Amadori rearrangement to form a more stable irreversible 

keto amine link (Figure 1.11). Studies showed that HbA1 was proportional to 

the averaged blood glucose to which the red cells were exposed during their 

life pan (133-140). Both clinical and laboratory studies have shown a 

relation hip between glycaemic status during organogenesis and the incidence 
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of birth defects (141-143). The most common malformations affect the central 

nervous system, heart, skeleton, GI-tract and lungs. 

Initial hopes that HbAlc could be used as a method for diagnosing 

diabetes (reported by Keonig after their studies found high correlation's 

between the HbA 1 c level and the area under the curve in glucose tolerance 

tests) , were not substantiated (144). All studies still generate the same 

problem, demonstrated in Figure 1.12. Although the majority of individuals 

diagnosed as diabetic on the basis of an oral glucose tolerance test have 

elevated glycosylated haemoglobin, a significant minority do not. 10% of 

people with normal glucose tolerance have elevated HbAlc. 

HbAlc level give a u eful guide to the mean glucose levels over the previous 

6 to 8 week and are u ed now in most centres while monitoring diabetic 

pregnancy. Elevated level can help identify the pregnancy more at risk of 

congenital anomaly or of pregnancy related diabetic complications. 

Fructo amine (glycosylated albumin) 

It quickly became apparent that haemoglobin, as a protein, was not unique in 

being glycated. The major part of glycation of serum proteins is in fact 

albumin, which account for about 90% of that observed. Glycated serum 

proteins have also been hown to reflect integrated glycaemia albeit over a 
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shorter period of time, consistent with their shorter half lives (145, 146). The 

problem in pregnancy is that fluctuations in fructosamine level are very 

dependent on serum albumin levels. Level can vary by as much as 10-12% 

over a number of hours unless corrected for prevailing serum albumin levels 

(147,148). The fructosamine assay that we used was developed in 1982. The 

assay is automated, rapid, cheap and highly reproducible with interassay 

coefficient of variation of 2-3% (149, 150). In all analyses, fructosamine was 

corrected for erum albumin. 

Current practice 

In Belfa t we have traditionally u ed daily preprandial glucose monitoring 

upplemented by 2 to 4 weekly HbAlc mea urements (available within 20 

minute at the clinic), to monitor glycaemic control during pregnancy. 

For the purpo e of thi re earch erum fructosamine measurements were also 

obtained although the e data were analy ed only retro pectively. 



HC-O HC-N-/lA CH -NH-_A 
I I r • HCOH HCOH C-O 
I I [ 

HOCH HOCH HOCH 
IIA- NH2 + I 1 , I Amadori I 

HCOH HCOH • HCOH 
I I I 

HCOH HCOH HCOH 
I I I 
CHzOH CH.OH CHaOH 

Glucose Aldimine K.toamine (Schiff bou) 

Fig 1.11 Schematic representation of the adduction of glucose to the amino terminal of the ~ chain to form HbA 1 c. 

Reference (152): Kennedy L. Glycation of Haemoglobin and Serum Proteins. In: International Textbook of Diabetes 
Mellitus. Alberti KGMM, De Fronzo RA, Keen H, Zimmet P (eds) 1992. John Wiley and sons Ltd. P. 987. 
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lyc sylat d Haem gl bin to oral gluco e tolerance: Implication for 

dia ete screening. Diabete 19 . 37: 60-4. 
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Hypertension in pregnancy 

Pre-eclampsia has a significantly raised incidence in diabetic pregnancy 

compared to non diabetic pregnancy (154). Rates in diabetic pregnancy are 

around 13% whereas in non diabetics they are around 2-3%. The make up of 

the population being studied also influences levels, as pre-eclampsia is 

increased in primigravid patients. Hypertension consistently features as one of 

the top causes of maternal mortality, the last triennial report being no different 

(155). Mortality and significant morbidity can occur from the resultant 

complication of cerebral haemorrhage, hepatic rupture, pulmonary 

haemorrage and infarction, coagulopathies and more. 

Definition 

The wide di vergence of opinion regarding definitions and classification of 

pregnancy induced hyperten ion / pre-eclamp ia creates difficulties in 

performing and comparing epidemiological tudie and other forms of 

re earch. 

There i a multitude of terminology in the literature. The onset of 

hyperten ion in pregnancy i known a 'pre-eclampsia', 'toxaemia', 

'ge tational hyperten ion', 'tran ient hypertension', 'pregnancy induced 

hyperten ion', 'hyperten ive disea e of pregnancy', 'oedema proteinuria 

hyperten ion ge to i ',and many more (156). 



The problem is that there is a lack of understanding of its aetiology, 

leading to definitions for the disease being made by clinical signs. 
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The International Society for the Study of Hypertension in Pregnancy accept 

the definition of Davey and MacGillivray, and this was the standard by which 

pre-eclampsia was diagnosed throughout this study (157). Our use of the term 

'pre-eclampsia' refer to proteinuric pregnancy induced hypertension as 

defined by Davey and MacGillivray. Their classification is given below: 

Classification 

A. Pregnancy induced hyperten ion and/or proteinuria 

Hyperten ion and/or proteinuria developing during pregnancy, labour, or the 

puerperium in a previou ly normoten ive non-proteinuric woman subdivided 

into 

1. Pregnancy induced hyperten ion (without proteinuria) 

a. devel ping during pregnancy 

b. developing during labour 

c. developing during the puerperium 

2. Pregnancy mduced protemuria (Without hypertension) 

a. developing during pregnancy 

b. developing during labour 

c. developing during the puerperium 



3. Proteinuric pregnancy induced hypertension (pre-eclampsia) 

a. developing during pregnancy 

b. developing during labour 

c. developing during the puerperium 

B. Chronic hypertension and chronic renal disease. 

Hypertension and/or proteinuria in pregnancy in a woman with chronic 

hypertension or chronic renal disease diagnosed either before or during or 

per i ting after pregnancy and subdivided into: 

1. Chronic hyperten ion (without proteinuria) 

2. Chronic renal di ea e (proteinuria and hypertension) 

3. Chronic hyperten ion with uperimpo ed pregnancy induced hypertension 

Proteinuria developing for the fir t time during a pregnancy in a woman with 

known chronic hyperten ion. 

C. Uncla ified hyperten. ion and/or proteinuria 

Hyperten ion and/or proteinuria found either 

a. At the fir t booking examination after the 20th week of pregnancy (140 

day ) in a woman without known chronic hypertension or chronic renal 

di ease, or 
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b. During pregnancy, labour, or the puerperium where information is 

insufficient to permit classification is provisionally regarded as unclassified 

and subdivided into: 

1. Unclassified hypertension 

2. Unclassified proteinuria. 

2. Unclassified proteinuric hypertension 

D. Eclamp ia 
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The occurrence of generali ed convulsions during pregnancy, during labour, 

or within 7 day of delivery and not caused by epilepsy or other convulsive 

di order. 

Note on definitions: 

Hyperten ion in pregnancy 

Hyperten ion i diagno ed on the ba i of the diastolic blood pressure (DBP) 

a measured by phygmomanometry u ing the 'point of muffling' (Korotkoff 

ound - pha e 4) in women lying on their ide at 15-30 degrees to the 

h rizontal with 30 degree of left lateral tilt and the cuff at the same level as 

the heart. Blood pre ure may be taken with the patient sitting but if raised 

mu t be confirmed with the patient lying after a 5 minute rest. 



Hypertension is defined as either: 

A. One measurement of DBP of 110 mmHg or more, or 

B. Two consecutive measurements of DBP of 90 mmHg or more, on two 

consecutive occasions 4 or more hours apart. 

Proteinuria in pregnancy 
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Defined as either the quantitative measurement of total protein in one 24 hour 

sample or significant proteinuria in two random urine samples tested by 

reagent strip. 

Significant proteinuria is defined as either 

A. One 24-hour urine collection with a total excretion of 300mg or more, or 

B. Two random clean-catch or catheter samples of urine collected 4 hours or 

more apart, with 

(i) 2+ (lg albumin/I) or more on reagent strip, or 

(ii) 1 + (300mg albuminll) if pecific gravity less than 1030, or 

(iii) A protein/creatinine index of 300 or more. 
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The Diabetic Antenatal Clinic 

Historical features 

The actual concept of a joint clinic to facilitate the better care of the mother 

without her having to attend separate offices on different days evolved slowly. 

These clinics began with the pairing of an Obstetrician and a Gynaecologist. 

There are several noteworthy pairings: Harley and Montgomery, Belfast (158); 

Sutherland and Stowers, Aberdeen (159, 160); Peterson and Jovanovic, New 

York and California (161). The concept of the joint clinic was developed 

worldwide on multiple sites with the emphasis on the team approach. 

The combined clinic operating in the Regional Centre in Belfast caters for 

diabetic pregnancie in the local hospital population. As diabetic pregnancy is 

a high ri k pregnancy, other ho pital delivering maternity care within 

Northern Ireland are encouraged to refer their pregnant diabetic subjects to the 

unit. Thi ha been the practice for many year and indeed we demonstrated 

the benefit of diabetic pregnancy care in a joint clinic within a hospital that 

ha the appropriate antenatal and neonatal facilities to cope with all the facets 

of diabetic pregnancy (162). Our hospital is also the tertiary Obstetric unit for 

orthern Ireland, with the Regional Neonatal Unit situated in the same 

building, and the Regional Centre for Endocrinology and Diabetes located on 

the ame campu . 



The Protocol and practicalities of organising a Regional Diabetic/Antenatal 

clinic are well described in the book 'Diabetes and Pregnancy: An 

International Approach to Diagnosis and Management' (Editors: Dornhorst 

and Hadden) (163). 

Pregnancy Care 

Antenatal care 

An explanatory booklet i given to patients attending the diabetes outpatient 

clinic at the Royal Victoria Ho pital, Belfast. Patients are advised to attend 

the diabete clinic when contemplating pregnancy in order that their diabetic 
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tate can be a e ed and in ulin do e adju ted a necessary. The main 

objecti ve of thi approach i to achieve optimal diabetic control at the time of 

conception and organogene i . 

The patient i advi ed to book a oon a pregnancy i confirmed. General 

practitioner are encouraged to manage their diabetic female patients along 

imilar line a the ho pital ba ed diabetic clinic . 

At the time of b oking, the importance of blood ugar control is emphasised to 

the patient and in truction leaflet detailing pregnancy and diabetic control are 

provided. If there are any concern about gluco e control, the patient is 

admitted for tabili ation and education. She i taught to use a portable home 
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glucose meter if she is not already familiar with this. A preprandial blood 

glucose is checked four times daily. A glucagon kit is given, and both the 

patient and her partner are instructed in its use in the event of hypoglycaemia. 

Routine antenatal blood tests and renal function tests are taken. A mid stream 

sample of urine is cultured, and assessed for proteinuria. Baseline blood 

pressure is checked and fundoscopy performed. The patient will see a 

dietician, meet the parentcraft midwife and be offered the opportunity to 

attend parentcraft cla ses. A standard record diary is given to the patient and 

he i encouraged to record all her glucose readings and insulin doses for the 

duration of the pregnancy. 

The patient attend the clinic every two weeks until 34 weeks gestation, then 

weekly until delivery. At each vi it a random postprandial venous plasma 

gluco e and glyco ylated haemoglobin are measured and the records of her 

home gluco e monitoring are reviewed. Admission to hospital is arranged if 

there i a ignificant problem with gluco e control or if there is any obstetric 

complication. 

An ultrasound i performed at the booking visit to confirm maturity and 

viability of the pregnancy. A more exten ive ultrasound scan is performed at 

between 1 and 20 week gestation to detect any structural fetal abnormality. 

A with normal pregnancy the diabetic mother is offered prenatal screening 

for Down Syndrome in the form of a 'double test' at 15-16 weeks gestation. 
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Attendance at the prenatal diagnosis clinic for ultrasonic scan to detect fetal 

anomaly at 15-16 weeks is also offered. All patients are also offered a detailed 

fetal echocardiogram by a consultant paediatric cardiologist at 24 weeks 

gestation. Further scans are performed every 2 to 4 weeks throughout 

pregnancy to monitor fetal growth and fetal environment. Doppler studies of 

fetal and placental blood flow are used in those cases of suspected growth 

retardation. 

Patient are referred to the diabetic eye clinic in early pregnancy for 

ophthalmo copic examination to detect retinopathy. This is particularly 

important in patient with long tanding diabetes, microalbuminuria or with 

known retinopathy. Acceleration of retinopathy can occur, especially in those 

patient previou ly with poor control (164). Early treatment with laser 

photocoagulation i in tituted if required. 

After the 37th week of ge tation the patient i a se sed to decide upon the 

mode and timing of delivery. The well controlled diabetic with an 

uncomplicated pregnancy i allowed to proceed to 40 weeks gestation. When 

complication en ue, the mode and timing of delivery are dependent on the 

pecific factor prevailing in each ca e. If a caesarean section is planned, the 

patient i admitted the e ening before the operation. Morning insulin is 

omitted and the patient i managed by a protocol of insulin and dextrose by 

intravenou infu ion with hourly glucometer readings. Those patients having 
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induction of labour are managed similarly with hourly glucometer readings 

during labour. Diabetes control during this time is directly supervised by the 

on call metabolic registrar. Management of diabetes during labour and 

delivery follows the guidelines published by the Clinical Resource Efficiency 

Support Team (CREST) for Northern Ireland (Pages 60,61) (165). 

A neonatologist is present at the delivery of all diabetic patients. These babies 

are then observed over a period of 24 hours to detect hypoglycaemia or 

re piratory difficultie . Early feeding of the neonate is routine. Admission to 

the Neonatal Unit i arranged if there is persistent hypoglycaemia or any other 

problem . Management of the infant of the diabetic mother and treatment of 

neonatal hypoglycaemia follow the guidelines published by Clinical Resource 

Efficiency Support Team (CREST) for Northern Ireland (Pages 62-65) (165). 

Postnatal care 

Following delivery, the patient' in ulin regimen is reduced to her pre 

pregnancy do age and then altered to cope with breast feeding requirements as 

nece ary. A paediatrician examine the baby prior to discharge. At a six week 

po tnatal vi it the woman i een by an obstetrician, a diabetic physician and a 

dietician. The delivery i reviewed with regard to current status and future 

implication . Contraception i addre ed and pre-pregnancy counselling issues 

are di cu ed. 
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Management of Diabetes During Labour and Delivery 

(CREST guidelines, 2002, Appendix 6.) 

For Type 1 and Type 2 diabetic patients treated with insulin, and women with 

onset of diabetes during the pregnancy who are treated with insulin. 

• Inform the obstetric consultant or specialist registrar and the diabetes 

phy ician when the patient is admitted. 

• If nece ary reduce the evening dose of long acting insulin by 50% the 

night before delivery. 

Fir t tage of Labour 

• The following applie . 

a) At pontaneou on et of labour, or: 

b) At am before induction of labour or elective Cae are an section, or: 

c) At any time before emergency Cae arean ection. 

• If light early breakfa t i allowed on morning of induction of labour, cover 

with mall d e of oluble in ulin, otherwi e nil by mouth till after 

delivery. 

• In ulin infu ion. One regime i shown below. Alternative regimes may be 

initiated on the advice of the local diabetes physician. 
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GlucoselInsulin Infusion 

• Measure maternal capillary blood glucose hourly. 

• Maintain maternal blood glucose between 4-7 rnmoVI according to the 

guideline below. 

Maternal Infusion Short acting Approximate Supplementary 
capillary 5% actrapid time of subcutaneous short 

blood dextrose insulin added infusion acting insulin every 
glucose to infusion 6 hours 

(mmol/l) 

<2.0 500mls 0 2 hours 0 

2.0-3.9 500mls 0 5 hours 0 

4.0-7.9 500mls 6 units 5 hours 0 

8.0-11.9 500mls 6 units 5 hours 6 units 

12.0-15.9 500mls 6 units 5 hours 10 units 

>16 Contact diabetes staff 

Third tage: After Delivery of the Placenta 

• Halve the rate of in ulin infu ion and adjust as necessary. Continue IV 

fluid until the patient i able to eat. 

• Contact diabetic team and e tabli h a new dose of subcutaneous insulin 

which will be le than that prior to delivery. 

• If brea t feeding i contemplated, mother must have her food and insulin 

efore tarting to feed the baby. 

• In ulin can be topped after delivery in mothers who did not take it before 

the pregnancy, but blood glucose mea urements should be continued until 

the po tnatal vi it. 



Management Protocol for Intravenous Dextrose Treatment of Neonatal 

Hypoglycaemia 

(CREST guidelines, 2002, Appendix 7.) 

Asymptomatic Hypoglycaemia 

When feeding management is unsuccessful in reversing hypoglycaemia but 

the infant i a ymptomatic. 

• Erect initial infu ion of 10% dextrose at 3 -S ml/kg/hour (S.O- 8.S 

mg/kg/minute). 

ymptomatic Hypoglycaemia 

• Confirm hypoglycaemia with laboratory blood glucose prior to treatment 

(capillary trip may not be reliable e pecially at the lower end of range). 

• Initial b lu of 2 -S ml/kg of 10% dextro e IV over S minutes. Follow this 

with IV infu ion of 10% dextro eat 3 mllkg/hour. 

• eeding hould be continued unle there i a pecific contraindication. 

60 
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NOTE: 

• IV dextrose must never be given only by bolus, but must also be followed 

by an infusion. 

• IV dextrose should never be discontinued abruptly, but gradually decreased 

as oral feeding progresses. 

• Dextrose is irritant to peripheral veins, so if high concentration (> 12 %) or 

prolonged administration is necessary, a central line should be considered. 

• IV ite mu t be kept under careful observation during infusion. 

• Refractory hypoglycaemia not responding to the above treatment 

(requiring more than 12 mg/kg/minute of IV dextrose) may occasionally 

require admini tration of glucagon, hydrocortisone or diazoxide. 
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The Infant of the Diabetic Mother 

(CREST guidelines, 2002, Appendix 8.) 

Immediate stabilisation / resuscitation at birth 

• Full clinical assessment (including weight for gestation and for congenital 

malformations) 

• If risk factors for hypoglycaemia, consider admission to neonatal unit 

Clo e ob ervation and early feeding 

• Check capillary blood glucose before feeds at 30 to 60 minutes, then at 2, 

4,6 and 12 hour 

• If gluco e < 2.6 mmolll but asymptomatic and feeding well, discuss with 

mother and tart upplementary / tube feeds. 

• If hypoglycaemia doe not re pond to this, consider IV infusion of 10% 

dextro e 

Continue feed unle contraindicated 

If ymptomatic hyppoglycaemia develope : 

• Admit to Neonatal unit 

• Obtain blood for gluco e e timation and any other tests as indicated by 

clinical a e ment 

• Immediately give IV bolus of 10% dextrose 2-5 ml/kg over 5 mins, 

followed by infusion. 



• Continue feeds unless contraindicated. 

• Adjust rate and concentration of dextrose to achieve and maintain 

normogl ycaemia. 

• If hypoglycaemia persists despite this, consider central line for higher 

dextrose concentrations and possible need for other therapy 
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INTRODUCTORY OVERVIEW OF STUDIES. 

Over the last 30 years there has been a transformation in the management and 

outcome of diabetic pregnancy but several areas still require further definition. 

Our central focus during all the studies performed was to examine the question of 

how the intrauterine environment in type 1 diabetic pregnancy effects both short 

and long term outcomes. The following studies have been performed. 

Studie : 

1) A detailed epidemiological tudy of the prevalence of obesity, glucose 

tolerance and cardiova cular ri k factor in a large cohort of offspring of type 

1 diabetic pregnancie compared with non diabetic control subjects matched 

for age, ex and ocial cla . 

2) An epid",miological tudy of the relationship between leptin and 

cardiov cuIar ri k in the off pring of type 1 diabetic and non diabetic 

pregnancy. 

3) Atudy of pre and po tprandial elf-monitoring of capillary glucose 

throughout type 1 diabetic pregnancy in relation to maternal and fetal 

outcome. 

4) A tudy of erial leptin measurements during type 1 diabetic pregnancy 

compared with non diabetic pregnancy. 
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These studies seek to elucidate several areas in type 1 diabetic pregnancy which 

require further definition: 

The epidemiological Studies 1 and 2 provide informative new data which may 

potentially have major public health implications relating to childhood obesity, 

the future risk of cardiovascular disease and the trans-generational effects of 

diabetes in future generations. 

The que tion of the optimal method of achieving glycaemic control is critical to 

the whole management and outcome of diabetic pregnancy, and Study 3 provides 

definitive evidence to guide clinicians managing type 1 diabetic pregnancy. 

Several tudie have examined erum leptin in diabetic pregnancy. Study 4 

provide information which add to our under tanding of this hormone and its 

regulation. It i po ible that erum leptin mea urement might serve as a valuable 

me ure of f tal growth and future cardiova cular development. 
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CLINICAL STUDIES 
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STUDY 1 

CARDIOVASCULAR AND METABOLIC ABNORMALITIES IN THE 

OFFSPRING OF DIABETIC PREGNANCY 



ABSTRACT 

Aims/hypothesis 

Maternal fuel metabolism is known to exert long range effects on the later 

development of children of diabetic mothers. More recently cardiovascular 

di ea e in adult life has been linked retrospectively with fetal malnutrition. 

The aim of this study was to identify whether markers for fuel-related 

cardiovascular programming exi t for the offspring of diabetic pregnancy. 

Material and Methods 
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ixty one children aged 5 to 11 year , of type 1 diabetic mothers were 

compared with 57 randomly selected control children of non-diabetic mothers 

imilar in age,ex and ocial cla . Fa ting blood was taken for plasma 

gluc se, insulin, lipids, inulin like growth factor 1 (IGF-l), plasminogen 

activating inhibitor 1 (PAl-I) and the adhe ion molecule ICAM-l, VCAM-l 

and E- electin. 

Re ul 

Fa. ting gluc \e and insulin were imilar in the two group. By contrast, 

ignificant differences existed between the off pring of diabetic and non 

diabetic pregnancies (mean ± D) for total chole terol ( 4.45 ±0.56 vs 4.18 

±0.66 p=0.03), LDL chole terol ( 2.73 ±0.49 vs 2.39 ±0.54, p=O.OOI ), 

hole ter IIHDL ratio (3.41 ±0.76 v 3.09 ±0.73, p=0.03), IGF-l (22.5 ±7.3 
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vs 19.3 ±8, p=0.04 ), PAI-1 (20.1 ±6.2 vs 14.9 ±7.3, p=O.OOO), VCAM-1 

(1852 ±444 vs 1509 ±385, p=O.OOO) and E-Selectin (geometric mean; 83.1 vs 

63.9, p=0.001). 

Conclusions 

The e results indicate that important differences in cardiovascular risk factors 

exist between gluco e-tolerant children of type 1 diabetic and non-diabetic 

mother , even in childhood. These novel data suggest that offspring of diabetic 

mother may be at an increased risk for the development of vascular disease in 

later life. 



BACKGROUND 

The proposal that maternal fuel metabolism may exert long range effects on 

development was first suggested by Jorgen Pedersen more than 40 years ago 

(19). The hypothesis, with minor modification (26), is now widely accepted 

and envisages that excess fetal growth associated with diabetic pregnancy is 

the consequence of fetal hyperinsulinism secondary to excess maternal 

70 

gluco e and other fuels. While subsequent data would generally support this 

concept, the relatively few studies that have examined this question are poorly 

comparable and focu almo t exclusively on growth and glucose regulation 

(166, 167). Confounding factors include variation in subject number, year of 

birth, age at follow up, type of diabetes (pregestational, gestational), adequate 

control and a e ment of morbidities. Furthermore, during the intervening 

four decades, the management of the pregnant woman and her newborn has 

improved markedly. 

More recently Barker and colleague have presented provocative 

epidemi logical e idence that coronary heart di ease, and several other 

chronic adult di ea e have their origin in fetal and infant life (27). They have 

hypothe i ed that fetal undernutrition lead to a re-setting of the insulin axis, 

and po sibly other hormone which control fetal growth, such as IGF-l, and 

adrenal teroid. The e change persist post delivery and lead to the metabolic 

feature of the in ulin re i tance syndrome (glucose intolerance, hypertension, 



dyslipidaemia and central obesity). The Barker hypothesis may simply 

represent a generalisation of the Pedersen-Freinkel paradigm, with such 

conceived fuel-related programming existing at both extremities of fetal 

nutrition. 
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Clustering of cardiovascular risk factors within individuals is now well 

recognised. Insulin resistance has been postulated to underpin these conditions 

(168). The syndrome is considered to have genetic determinants (40). 

Hyperactivity of the hypothalamic-pituitary-adrenal axis resulting from socio

economic and p ychological stre s in adult life may also be involved (169). 

The above data al 0 rai e the possibility that insulin resistance, hyperactivity 

of the HP A axi and the in ulin re i tance syndrome might have a common 

origin in fetal nutrition. 

PIa minogen activator inhibitor - 1 i the main inhibitor of the 

fibrin lytic y tern and increa ed level have been found in patients with 

coronary artery di ea 'e (170). Elevated PAI-1 level are recognised to be 

linked to other ri k factor for va cular di ease including hyperinsulinaemia, 

in ulin re i tance and urinary albumin excretion, at the time of diagnosis of 

type 2 dia ete (171). Thi finding i not the result of obesity or coexistant 

ather sclero i (171). 
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There is increasing evidence that atherosclerosis has an inflammatory 

pathogenesis (172). Early in the formation of atherosclerotic lesions, 

leucocytes extravasate through the endothelium into the arterial wall. This 

process involves interactions between an array of cellular adhesion molecules, 

including the selectins (E-, P- and L-selectin) and members of the 

immunoglobulin superfamily (ICAM-l and VCAM-l)(173). Endothelial cell 

adhesion molecule over-expression may therefore be an early marker of 

atherogenesis (174). 



AIM 

The aim of this study was to examine whether fetal cardiovascular 

programming might result from fetal overnutrition by comparing metabolic 

and cardiovascular risk factors in children of type 1 diabetic women, aged 5-

11 years, with a control group of children of non diabetic women of similar 

age, sex and social class. 

• 

73 



74 

MATERIALS AND METHODS 

Subjects 

Type 1 diabetic pregnancies where the child was aged 5-11 years were 

identified retrospectively from the maternity records of Royal Jubilee 

Maternity Hospital, Belfast. The subjects were compared with a group of 

offspring from non diabetic subjects of similar age, sex and social class. 

Control ubjects were selected randomly from a computer generated list of 

name . Eighty mother/child pairs were recruited in each group. There were no 

ignificant difference in demographic characteristics between participants and 

non participant . Detail of the index pregnancy were obtained from maternal 

record . All diabetic mother were confirmed as type 1 prior to the pregnancy 

in que tion. Control mother were excluded if they had a personal history or a 

fir t degree relative with any type of diabetes, if they had a medical history of 

a known metabolic di order, or if they had had an abnormal oral glucose 

tolerance te t in pregnancy. A routine creening programme for 

hyperglycaemia in pregnancy ha been in u e in thi hospital for many years. 

Off pring of were excluded if they were diabetic. None of the offspring in 

either group had a diabetic father. Off pring were requested to attend fasting 

for a e ment and were excluded if non fa ting. This left 61 offspring of 

diabetic mother and 57 off pring of non diabetic mothers. 

A tandard que tionnaire detailing medical history, family history of 
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cardiovascular or metabolic disease and socio-economic status was obtained. 

Socio-economic status was assessed using the Standard Occupational 

Classification (175). To simplify comparisons we divided subjects into manual 

labour and non manual labour groups. Ethical approval was obtained from the 

Ethical Committee of Queen's University, Belfast, and after discussion with 

the parent and child written consent was obtained from the parent or guardian 

of the participating children. 

Clinical data 

Mea urement made on each child were, height (Leicester height measure, 

Child Growth Foundation; Imm accuracy), weight (Seca, model 835, CMS 

weighing quipment), tricep and ub capular skinfold thicknesses (Holtain 

kinfold caliper (176». Pubertal statu wa a sessed from a limited 

examination and parental que. tioning, and confirmed by the measurement of 

erum estradiol and te~to terone level . Off pring were excluded from the 

re ult if erum estradiol wa > 50 pmol/l or erum te tosterone was> 0.7 

nmol/I. After a 5 minute re. t with the ubject eated, sy tolic and diastolic 

bI d pre ure. were measured using an automated device (Ornron, HEM-

711), with a cuff of the appropriate ize for the measured mid-arm 

circumference. 



Blood sampling 

After the application of local anaesthetic cream (Lignocaine / Prilocaine, 

Emla cream, Astra), a blood sample was drawn from the antecubital vein for 

the measurement of plasma glucose, insulin, insulin like growth factor -1 

(IGF-I), plasminogen activator inhibitor-I (PAl-I), total cholesterol, LDL

chole terol, HDL-cholesterol, triglycerides and the adhesion molecules 

ICAM-I, VC AM - 1 and E -Selectin. The samples were centrifuged within 

[our hour and the serum was stored at -70 QC. Insulin resistance was 

calculated by the Homeo ta is Model assessment score (HOMA), where 

HOMA = (in ulin, mull x gluco e, mmoVI) / 22.5 (177). 

A ay 

erum Insulin wa determined by a commercially available microparticle 

enzyme immunoa. ay kit (Abbott laboratorie , Tokoyo, Japan). Inter and 

intraassay c cfficients of variation were le than 5% and the lower limit of 

detecti n was 1 llmoVml. IGF-l concentration wa a e ed using a 

commercially a ailable ELl A kit (OCTEIA IGF-I, Immunodiagnostic 
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y. terns Limited, Bold n, UK). Inter and intraa ay coefficients were 6.95 -

7.14 % and 2.3 - 3.5 % re ·pectively. The en itivity of the assay was 0.25 

nm VI. erum estradiol wa mea ured u ing a commercially available 

radioimmunoa ' ay (PerkinElmer Life Science, Wallac Oy, Turku, Finland). 

Inter and intraa say coefficient of variation were 3.6-8.3 % and 3.9-5.2 % 

re. pecti ely. The ensitivity of the as ay wa 0.05 nmoVl. Serum testosterone 
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was measured using a commercially available radioimmunoassay kit 

(Diagnostic Products Limited, Los Angeles, California, USA). Inter and 

intraassay coefficients of variation were 4 - 15 % and 5.9 - 11 % respectively. 

The assay sensitivity was 0.14 nmol/dl. PAI-l was measured using a 

commercially available kit (Stachrom PAl, Diagnostica Stago, France). The 

lowest limit of detection is 5 mU/ml. Soluble cell adhesion molecules 

(sI CAM -1, s V CAM -1, sE-selectin) were measured using commercially 

available ELISA kit (Diaclone Research, Besancon, France). The intra- and 

intera say coefficients of variation were less than 6%. Glucose, triglycerides 

and chole terol were mea ured on the Johnston and Johnston vitros 750 XRL 

analy er by a colorimetric a sessment at 540nm wavelength. HDL analysis 

employed a mangane e and heparin precipitation in supernatant followed by 

tandard chole terol a ay u ing John ton and John ton vitros analyser. 

Coefficient of variation between ample were; glucose (1.4-1.5%), 

chole ter I (1.3-1.25), triglyceride (1.7-1.5%), HDL-cholesterol (2.4-3.1 %). 

tati tical analy e 

A tudy , ize of 63 off pring of diabetic mother and 63 offspring of non 

diabetic mother wa calculated to have 80% power to detect as statistically 

ignificant ( p<0.05; two-tailed) a difference in means between groups, as 

mall a 0.5 of a tandard deviation. To allow for anticipated levels of 

exclu ion and non-re pon e 0 ubject in each group were invited to 

participate. All ubjects attended for as e sment, however a number were non 
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fasting and some also refused blood sampling. To allow for variations in birth 

weight by gestational age and gender, birth weight values were transformed to 

standard deviation scores (SDS) using the 1990 British Growth Standard 

(178). The same approach was used to adjust body mass index 

(weightJheight2
) for age at examination and gender. Quantitative variables are 

summarised using means and standard deviations, but those whose 

distributions were positively skewed were log transformed prior to analysis 

and are ummari ed using geometric means and interquartile ranges. 

Compari on between diabetic and non-diabetic offspring are presented as 

difference in mean (with 95% confidence limits) or as ratios of geometric 

mean (with 95% confidence limits) for log-transformed variables. Statistical 

ignificance wa a e ed u ing independent samples t-tests. Linear regression 

the relation hip between cardiovascular/metabolic 

variable and birth weight SDS. All te t were conducted at the 5% level of 

ignificance. 



RESULTS 

Subject characteristics are shown in Table 2.1. The sample size, sex of the 

children, mean age in years, weight, height, body mass index (BMI), systolic 

and diastolic blood pressure, and triceps skin fold thickness did not differ 

significantly between the groups. The mean gestational age at delivery was 

significantly lower in the offspring of diabetic mothers, compared with 

off pring of non diabetic mothers. Despite this, the mean birth weight in the 

two group was similar. The birthweight corrected for gestational age 
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(birth weight SDS) wa ignificantly higher for the offspring of diabetics. The 

di tribution of birthweight and birthweight SDS are pictorially represented, 

with the variable divided into quintiles (Fig 2.1, 2.2). Breast feeding rates at 6 

week po t deli very, moking during pregnancy and social class were similar 

in b th group . 

Metab lic and cardiova cular variables in the two groups are shown in 

Table 2.2. The mean pIa ma glucose, serum insulin and insulin resistance 

(HOMA) did not differ between offspring of diabetic mothers and control 

off pring. The mean erum IOF-I, total cholesterol and cholesterol / HDL 

ratio were ignificantly higher in the offspring of diabetics than in the control 

off pring. LDL cholesterol, PAl-I, VCAM-I, and E-selectin were highly 

ignificantly greater in the off pring of diabetics than in the control offspring. 



HDL cholesterol and triglyceride levels were not statistically different 

between the two groups. 
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The metabolic and cardiovascular variables were examined within each 

group in relation to birthweight corrected for gestational age (Table 2.3). None 

of the variables showed any significant relationship in the offspring of control 

mothers. By contrast, in the offspring of diabetic mothers significant 

relation hips were observed; a one standard deviation increase in birth weight 

SDS wa a ociated with a 0.22 increase in height SDS, a 0.20 increase in 

weight SDS, an 11 % increase in triceps skinfold thickness, a 12% increase in 

in ulin level and a 1.23 mU.mr l increase in PAI-1 (Fig 2.3). Positive 

a ociation with birthweight SDS approaching significance were also 

ob erved for HOMA (p=0.09), chollHDL ratio (p=0.08), IeAM (p=O.ll), and 

E- electin (p=0.09). 

For each variable that howed a ignificant difference between groups 

(Table 2.2), the mean in the diabetic off pring was adjusted to a mean 

birth weight D of 0.01 (the mean in the control offspring) using the fitted 

regre ion line. The difference between groups were generally reduced 

although all except the IGF-1 and chollHDL ratio remained significant. 

Diabetic off pring were subdivided into those with a birthweight 

corrected for ge tational age >90th percentile (49%) and those <90
th 

percentile 
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(51 %). Significantly larger values were found in the >90th percentile compared 

with the < 90th percentile group for fasting insulin level (p= 0.04) and triceps 

skinfold thickness measure (p= 0.001). 



Male sex 

Age (years) 

Weight (kg) 

Height (cm) 

Body mass index (kg.m-2) 

Body mass index SDS 

Blood pres ure Sy tolic (mmHg) 

Diastolic (mmHg) 

Tricep kin fold thickness (mm) 

Ge tational age at delivery (wk) * 

Birth weight (g) 

Birth weight D * 
Brea t feeding 

Maternal moking 

Manual occupation 

Offspring of 
Diabetic mothers 

N=61 

26/61(43%) 

8.6 (1.8) 

32.8 (12.7) 

133.1 (12.1) 

18.0 (3.9) 

0.59 (1.35) 

103.8 (10.2) 

57.8 (6.9) 

14.2 (6.2) 

37.0 (2.0) 

3410 (716) 

1.41 (1.56) 

18/56 (32%) 

13/57 (23%) 

24/61 (39%) 
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Offspring of Non
Diabetic mothers 

N=57 

28/57 (49%) 

9.0 (1.2) 

32.5 (8.5) 

133.3 (9.2) 

18.0 (3.1) 

0.60 (1.21) 

105.8 (13.9) 

58.8 (10.5) 

13.2 (5.5) 

39.4 (1.8) 

3369 (556) 

0.01 (0.90) 

23/54 (43%) 

17/54(32%) 

25/57 (44%) 

Data pre ented a mean ( tandard deviation) or number (%) as appropriate. 

D - tandard deviation core 

* p<O.OOl for compari on of group. 

Table 2.1: Clinical characteristic of offspring of diabetic and non diabetic 
mother. 
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Offspring of Offspring of Non- Difference 
Diabetic mothers Diabetic mothers or ratio 

Mean (SD) or Mean (SD) or 
Median (IQ Median (IQ range) (95% Cl) P 

ran e) 

Glucose (mmol.r
l
) 4.35 (0.32) 4.44 (0.28) -0.09 (-0.20, 0.03) 0.16 

Insulin (mU.rl ) t 5.09 (3.3 -7.1) 5.38 (3.5-7.7) 0.95 (0.76,1.18) 0.64 

HOMA-IR t 0.95 (0.62-1.48) 1.06 (0.67-1.49) 0.89 (0.70,1.14) 0.36 

IGF-l (J.Lg.rl ) 22.5 (7.3) 19.3 (8.0) 3.2 (0.2, 6.2) 0.04 

Cholesterol (mmol.rl ) 4.45 (0.56) 4.18 (0.66) 0.27 (0.03, 0.50) 0.03 

HDL (mmol.rl ) 1.35 (0.28) 1.40 (0.27) -0.05 (-0.16,0.06) 0.38 

LDL (mmol.rl ) 2.73 (0.49) 2.39 (0.54) 0.34 (0.14, 0.55) 0.001 

CholesterollHDL ratio 3.41 (0.76) 3.09 (0.73) 0.33 (0.03, 0.62) 0.03 

Triglyceride (mmol.rl ) t 0.77 (0.62-0.91) 0.81 (0.56-1.00) 0.96 (0.83, 1.11) 0.58 

PAI-l (m Iml) 20.1 (6.2) 14.9 (7.3) 5.2 (2.5, 7.9) <0.001 

ICAM-l (nglml) 59 (189) 816 (145) 43 (-20, 107) 0.18 

VCAM-l (nglml) 1852 (444) 1509 (385) 343 (186,500) <0.001 

E- electin (nglml) t 3.1 (64.6-106.3) 63.9 (47.8-87.3) 1.30 (1.11, 1.53) 0.001 

t Analysi performed on logarilhmically-tran formed data 

Table 2.2: ompari on of cardio ascular and metabolic variables between offspring of 

diabetic and non-diabetic mother. 
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Offspring of Offspring of 
Non Diabetic Diabetic Mothers 

Mothers 

Slope (95% Cl) P Slope (95% Cl) P 

Weight SOS 0.187 -0.301 0.676 0.44 0.223 0.006 0.440 0.04 
Height SOS 0.284 -0.112 0.680 0.1 6 0.198 -0.003 0.398 0.05 · 

Triceps (log) 0.048 -0.016 0.111 0.14 0.046 0.013 0.080 0.01 

Glucose -0.041 -0.162 0.080 0.50 -0.002 -0.069 0.065 0.95 
Insulin (log) -0.053 -0.151 0.045 0.28 0.049 0.009 0.089 0.02 
HOMA (log) -0.062 -0.168 0.043 0.24 0.040 -0.007 0.087 0.09 

IGF1 -0.744 -3.405 1.917 0.57 0.589 -0.717 1.896 0.37 

Cholesterol -0.059 -0.301 0.184 0.62 -0.007 -0.105 0.091 0.89 

Triglyceride (log -0.001 -0.065 0.064 0.99 0.015 -0.010 0.040 0.23 

LOL -0.012 -0.230 0.206 0.91 0.022 -0.064 0.108 0.60 

Chol :HOL ratio 0.024 -0.256 0.304 0.86 0.114 -0.016 0.244 0.08 

SBP 0.183 -5.134 5.499 0.94 0.281 -1.592 2.153 0.76 

OBP -0.580 -4.792 3.632 0.78 0.982 -0.251 2.215 0.12 

PAl 1 -0.637 -3.332 2.059 0.64 1.228 0.104 2.352 0.03 

ICAM1 -9.8 -70.3 50.7 0.74 26.9 -6.5 60.3 0.11 

VCAM1 42.8 -119.4 205.0 0.60 -12.7 -91.1 65.6 0.75 

E-Selectin (log) -0.017 -0.091 0.056 0.64 0.024 -0.004 0.051 0.09 

Table 2.3 ardiovascuJar and metabolic variables in offspring 
regre sed on birthweight corrected for gestational age 



Fig 2.1. Birthweight distribution in 
offspring 
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Fig 2.2. Distribution of birthweight 
corrected for gestational age in offspring 
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Fig 2.3 : Correlation between PAI-! (mUIML) and Birthweight SDS. 

Regression equations 
Controls :- PAI-1 = 15.3 -1.0 Birthweight SDS (P=0.42) 
Of spring/ Diabetics PAI-1 = 18.0 + 1.2 Birthweight SDS (p=0.03) 



DISCUSSION 

We believe that this is the first study to show significant differences in 

metabolic, cardiovascular and inflammatory variables between offspring of 

type 1 diabetic mothers compared with offspring of non diabetic mothers at 

such a young age. The two groups did not differ in breast feeding rates at 6 

weeks post delivery, which has been reported to be cardio-protective in some 

studies (179, 180), but not in others (181). Maternal smoking did not differ 

between the group , neither did a family history of cardiovascular disease. 

Serum IGF-l level in offspring of diabetic mothers are significantly 

higher than in the off pring of non diabetic mothers. Barker and colleagues 

have hown that in children of lower birth weight, plasma IGF-l 

concentration are inver ely related to birth weight and positively related to 

blo d pre ure in childhood on correcting for the current weight and height 

(1 2). Thi data would upport the hypothesis that fetal programming might 

extend to hormone other than in ulin. IGF-l and insulin have also been 

implicated in the initiation of e ential hyperten ion (183). There are also 

e eral report that low birth weight children have higher 24h urinary 

excretion of adrenal androgen and corti 01 and cortisone metabolites (184). 

The elevated IGF-l level in the off pring of diabetic in our study suggests 

that fetal over nutrition ha long term implications in that these children may 

be at greater ri k of developing hypertension as adults. 

88 
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We found no statistically significant difference between the two groups for 

weight, height, BMI or triceps skinfold thickness. However, in the diabetic 

group, birthweight corrected for gestational age (birthweight SDS) was 

significantly correlated with weight, height and triceps skinfold thickness. 

Several reports indicate that offspring of diabetic women are taller (42, 55) 

than non diabetic offspring but other studies report them as normal or short 

(43,49, 50). Thus a potential 'U' shaped distribution of birthweight might 

occur in offspring of diabetics, the lighter babies being a mixture of those 

delivered prematurely (either spontaneously or iatrogenically due to 

complication of pregnancy), and those growth retarded as a result of placental 

in ufficiecy and pre-eclamp ia (increased with poor glycaemic control). 

Figure 2.1 repre ent the di tribution of birthweights in the two offspring 

group . The curve are imilar with both groups having the majority of the 

birthw ight5 between 3-4000g. The off pring of diabetics curve was more 

flattened in the mid portion and more pread laterally. The distributions of 

birth weight c rrected for ge tational age (fig 2.2) confirm the increased 

birth weight D in the off pring of diabetic . Approximately 50% of 

off pring f diabetic are above the 90th centile for the normal population. 

We feel that the birthweight SDS i an important variable when relating 

current growth to influence. from the intrauterine environment. This measure 

hould be applicable acro populations who are using their local population 

tandard reference value . Therefore the long term effects of overgrowth 

hould be c mparable between populations. 
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Accelerated height is observed in children with obesity, however, 

obesity in childhood is not associated with increased adult height in the 

general population. Silverman et al (55) reported a direct correlation between 

amniotic fluid insulin and relative obesity at ages 6 and 8 years suggesting a 

possible mechanism for the excess growth. Studies in Pima Indians who have 

a high prevalence of type 2 diabetes, have shown that offspring aged 5-20 

years of women who had diabetes during pregnancy were heavier for height 

and more likel y to be obese than the offspring of non diabetic or prediabetic 

women (with normal glucose tolerance during pregnancy but in whom 

ub equent diabete developed) (54). 

In the diabetic off pring birthweight corrected for gestational age also 

howed a ignificant correlation with fasting insulin and PAl-I. Insulin 

resistance, chole terol : LDL ratio and E-Selectin approached significance. 

These differences could not be explained olely by the increased birthweight 

f r ge. tati nal age in the diabetic off pring. These findings indicate that 

maternal diabete during pregnancy may lead to abnormalities of growth and 

in ulin re i~tance in the off pring demon trable even at a young age. 

Tho ewe , ubdivided into a group> 90th percentile for birthweight 

corrected for ge tational age had significantly higher fasting insulin levels and 

larger tricep kinfold thickne . Thi suggests that larger babies (who are 

more likely to be tho e over reaching their growth potential, i.e 
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"macrosomic") continue to have a higher level of adiposity and insulin 

resistance as manifested by fasting insulin levels than those in the <90th 

percentile group. This predisposes them to an increased risk of cardiovascular 

disease. It is not until we have a mechanism to determine the underlying 

growth potential of each fetus that such data can be analysed fully. 

Animal studies have shown that diabetes can be responsible for 

inducing cardiovascular dysfunction in adult offspring (185). Few human 

tudies have examined cardiovascular risk factors in offspring of diabetic 

pregnancy. In ulin re i tance has been suggested as the primary pathology 

re pon ible for the increased cardiovascular risk. The lack of a significant 

differenc between the two group for ystolic or diastolic blood pressure in 

our tudy may be explained by the relatively mall sample size and the young 

age of the ubject. Pima Indian aged between 6-17 years of age showed an 

a ciati n between maternal diabete with higher systolic but not diastolic 

bl d pre ure in the off pring adju ted for age, ex, relative weight and 

gluc . e and insulin concentration (167). In a mixed population of type 1 and 

type 2 diabetic. from hicago (the Northwe tern group) (166), offspring of 

diabetic mother had higher y tolic, diastolic and mean arterial pressures than 

a imilar p pulation f off pring of non diabetic mothers. Another study from 

the ame centre showed higher y tolic and mean arterial blood pressures, 

lower fasting I w den ity lipoprotein level, and lower total cholesterol in 

diabetic adole~cent off pring compared with controls (186). We also found 



that there were quite marked lipid profile differences in the offspring of 

diabetics with significant increases in the total cholesterol (p=O.03), 

cholesterol / HDL ratio (p=O.03) and LDL cholesterol ( p=O.OOl ). While a 

formal dietary analysis was not performed, we found no evidence in the 

literature to suggest that offspring of type 1 diabetics have a higher fat diet 

than similar children of non diabetic mothers. These lipid differences are 

indeed striking in such an age group. 
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Elevated plasma levels of soluble adhesion molecules have been shown 

to predict cardiovascular disease in apparently healthy men (187). If 

cardiova cular di ea e does have a fetal origin, then endothelial cell adhesion 

molecule up-regUlation hould al 0 begin early in life. Our results showed 

quite marked difference in these vascular markers of inflammation between 

the offspring of diabetic and control ubjects. All the soluble cell adhesion 

molecules were increa ed in the diabetic offspring and significantly so for 

V AM- l and E- electin. A recent paper by Wojakowski and Gminski 

reported ignificantly higher , ICAM-I levels in children with a strong family 

hi tory of cardiovascular di ea e compared with those with no family history 

Cl ). Thi study , ugge ted that children with a genetic predisposition for 

athero clero i have early evidence of endothelial dysfunction and adhesion 

molecule up-regUlation. Our data uggest that inflammation might be 

programmed by an adverse intrauterine environment. 



STUDY 2 

LEPTIN IN THE OFFSPRING OF DIABETIC PREGNANCY: 

RELATIONS TO ANTHROPOMETRY AND CARDIOVASCULAR 

RISK. 
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ABSTRACT 

Aims / hypothesis 

Leptin the protein product of the obese gene has been shown to have a role in 

many body systems from growth to reproduction. Strong associations with 

body fat mass and a contribution to insulin resistance have been shown in 

children. Adverse intrauterine environments are known to influence long term 

cardiovascular risk. The aim of the study is to explore the relationship of leptin 

with cardiovascular risk in the offspring of type I diabetic pregnancy. 

Materials and Methods 

Sixty one children aged 5 to 11 years, of type I diabetic mothers were 

compared with 57 randomly elected control children of non-diabetic mothers 

imilar in age, ex and ociaI cla . Fa ting blood was taken for leptin, 

glucose, insulin, in ulin like growth factor I (IGF-I), c-peptide, fibrinogen, 

VWF, plasminogen activating inhibitor I (PAl-I), and lipids. Leptin was 

analysed by ELl A te t. 

Re ul 

Leptin levels were imilar in both group . Leptin correlated significantly with 

weight, BMI, kinfold thickne ,in ulin, IGF-I, PAl-I, and lipid profile in 

b th group . In the off pring of diabetic mother additional correlations were 

een with height, birth weight corrected for gestational age, diastolic blood 

pres<o;ure, and PAl-I. 
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Conclusions 

Leptin is associated with cardiovascular risk factors in prepubertal children 

which for the offspring of diabetics persisted when controlled for birthweight 

SDS. This may have implications for risk prediction and the early 

implementation of prevention strategies. 
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BACKGROUND 

Recent publications on how the intrauterine programming of adult 

cardiovascular disease in the growth restricted pregnancy has generated much 

discussion (27, 33-35). Substantial epidemiological evidence now exists 

linking cardiovascular disease to growth restriction in utero. The programming 

of certain organ systems during critical periods of development are central to 

the hypothesis. By contrast much less attention has focused on the long term 

implication of hyperglycaemia and other maternal fuels during pregnancy. It 

i well known that there is an upset in the fetal growth- insulin axis in diabetic 

pregnancy, and thu the tudy of such offspring (166) provides an opportunity 

to examine the potential long-term affects of such an adverse intrauterine 

environm nt. 

Leptin, the protein product of the obese gene, was discovered in 1994 

Cl 9). tr ng link have been found between leptin and body fat mass (190, 

191). Leptin ha been hown to have a role in controlling many of the body 

y. tern fr m gr wth to reproduction (192 - 196). Leptin production starts 

early, with the fetu in utero, and cord blood levels correlate with neonatal 

birthweight and adipo ity (197). 

Leptin ha been hown to contribute to insulin resistance in prepubertal 

and pubertal children (19 • 199) and to correlate positively with blood 
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pressure in children aged 12-16 years (200). In apparently healthy adult males, 

hyperleptinaemia correlates positively with blood pressure, fasting 

triglycerides, uric acid and measures of insulin resistance (201). 

Leptin is predictive of obesity in prepubertal children (202). 

Prepubertal children have similar leptin levels in both sexes, however this 

relationship changes with the onset of puberty. This involves a gradual 

increase in the leptin level in girls while boys have an initial increase and then 

a reversion to prepubertal level (203). This sexual dimorphism in leptin levels 

eems to reflect differential changes in body composition (202, 204) and 

serum testo terone production (205). 

Leptin leveL appear lO be controlled or modified by hormones in the 

insulin growth axis. Leptin levels can be lowered by administration of growth 

hormone before change in body composition are detectable (206, 207). In 

prepubertal and pubertal children leptin ha been shown to correlate with 

fasting in~ulin independent of fat mas (208). The initiation of insulin therapy 

in children with newly diagno ed type 1 diabete leads to an increase in leptin 

<.;ecretion before change in body weight occur (209). 
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AIM 

The aim of our study was to evaluate leptin as a marker for cardiovascular risk 

in the offspring of type 1 diabetic pregnancy. 
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MATERIALS AND METHODS 

The subjects, clinical data, blood sampling and assays were as previously 

described in detail in Study 1. In addition the blood sample from the offspring 

groups was also analysed for serum leptin, c-Peptide, fibrinogen, and VWF. 

Assays 

Serum leptin wa mea ured by a commercially available enzyme linked 

immuno orbent (ELlS A) kit from Diagnostic Systems Laboratories 

incorporated, Web ter, Texa , USA. The inter and intraassay coefficients of 

variation were 3.3-5.3% and 1.5-6.2 % respectively. The sensitivity of the 

assay wa 0.05 ng/ml. C-peptide wa measured by a commercially available 

kit, IMMULITE C-peptide, a olid pha e chemiluminescent immunoassay. 

Intraa 'ay and intera ay coefficient of variation are 6.3-8.2% and 5.3-13% 

respecti ely. The lowe t limit of detection i 0.3ng/ml. 

tati tieal analy e 

To allow for ariation in birth weight by ge tational age and gender, birth 

weight value were tran formed to tandard deviation scores (SDS), using the 

1990 Briti h Growth tandard (165). Quantitative variables are summarised 

u ing mean and tandard deviation , but those whose distributions were 

po itively kewed were log tran formed prior to analysis and are summarised 

u ing geometric mean and interquartile range . Comparisons between 

diabetic and non-diabetic off pring are presented as differences in means (with 
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95 % confidence limits) or as ratios of geometric means (with 95% confidence 

limits) for log-transformed variables. Statistical significance was assessed 

using independent samples t-tests. Linear regression analysis was used to 

assess the relationships between cardiovascular/metabolic variables and birth 

weight SDS. Associations between serum leptin values and the other variables 

were assessed using Pearson correlation coefficients, and accounting for BMI, 

birth weight SDS and insulin, using partial correlation coefficients. All tests 

were conducted at the 5% level of significance. 



RESULTS 

Subject characteristics are shown in Table 2.1 of Study 1, and detailed in the 

Results section of Study 1. 

10] 

Metabolic and cardiovascular variables in the two groups are shown in 

Table 2.2 of Study 1 and discussed in the Results section of Study I. 

Geometric mean leptin and C-peptide levels in the offspring of diabetic 

mother ven~u the off pring of non diabetic mothers were 4.11 vs 4.15 

(ng/dl), p=0.96 and 1.12 v 1.52 (Jlgll), P=O.OI. Mean fibrinogen 2.76 vs 2.54 

(g/l), p=0.06, and mean VWF 109 v 104 (%), p=0.37. 

Table 3.1 demon trate the correlation between the serum log leptin 

and the ariou~ outcome variable. Leptin correlated ignificantly with weight, 

BMI tricep~ and subscapular kinfold thickne ,in ulin, HOMA, c-peptide, 

IG -1, and lipid in both group. In the off pring of diabetic mothers, 

additi nal c rrelation were een with birth weight corrected for gestational 

age, dia~tolic blo d pre ure, and PAl-I. In the control offspring additional 

correlati n~ were een with fa ting gluco e and HDL chole terol. There was 

n c rrelation with age, ystolic blood pressure, fibrinogen or VWF in either 

gr up. 
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Tables 3.2 and 3.3 show the correlations between log leptin and the 

various outcome variables accounting for birthweight SOS, current BMI and 

fasting insulin in the offspring of diabetic and non diabetic pregnancy. 

Significant correlations exist in the offspring of diabetics i) controlling for 

birthweight SOS with weight, BMI, log skinfold thickness, log insulin, log 

HOMA, log c-peptide, IGF-l, log triglycerides, and PAl-I. ii) controlling for 

BMI with weight, log triceps skinfold, birthweight SOS, log insulin, log 

HOMA, log c-peptide, IGF-l, PAl-I. iii) controlling for insulin with log 

kinfolds, birthweight SOS, and IGF-l. Significant correlations exist in the 

off pring of non diabetic i) controlling for birthweight SOS with weight, 

BMI, log kinfold thickne ,glucose, log insulin, log HOMA, log c-peptide, 

IGF-l, HOL chole terol, and cholesterolfHDL ratio. ii) controlling for BMI 

with log in ulin, log HOMA, log c-peptide, IGF-l, and HOL cholesterol. iii) 

controlling for log in ulin with birthweight SDS, and IGF-I. 



Table 3.1. Clinical correlation between log Leptin and outcomes for the 
Offspring of non diabetic and diabetic pregnancy. 

*Height 

Weight 

BMI 

Age 

Tricep 

ub capular 

*Bthwt D 

y tolic BP 

*Diastolic BP 

*Gluco e 

In ulin 

HOMA 
c-Peptide 

I F-l 

hole terol 

Trigl cerid 

HOL hol 

LOL hol 

hoVHDL ratio 

Control Offspring 

r 

0.17 

0.35 

0.40 

0.03 

0.46 

0.51 

0.18 

0.03 

0.18 

0.38 

0.66 

0.65 

0.55 

0.56 

0.12 

0.37 

-0.41 

0.22 

0.42 

p 

0.24 

0.01 

0.003 

0.82 

<0.001 

<0.001 

0.28 

0.83 

0.21 

0.007 

<0.001 

<0.001 

<0.001 

<0.001 

0.43 

0.01 

0.006 

0.16 

0.005 

Diabetic Offspring 

r 

0.21 

0.51 

0.72 

0.09 

0.72 

0.73 

0.35 

0.17 

0.31 

0.05 

0.60 

0.62 

0.65 

0.48 

0.16 

0.39 

-0.27 

0.23 

0.38 

p 

0.14 

<0.001 

<0.001 

0.52 

<0.001 

<0.001 

0.02 

0.26 

0.04 

0.74 

<0.001 

<0.001 

<0.001 

0.002 

0.29 

0.006 

0.07 

0.13 

0.009 
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PAI-l 0.24 0.09 0.58 <0.001 

*Fibrinogen 0.16 0.25 0.22 0.16 

VWF 0.08 0.57 -0.l2 0.45 
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Table 3.2 Correlations between log Leptin and the various outcome variables in 
the offspring of diabetic pregnancy accounting for Birthweight SDS, current 
BMI and fasting Insulin. 

Birthweight SOS Body Mass Index Insulin 

r p r p r p 

Height 0.18 0.23 -0.18 0.24 0.03 0.86 

Weight 0.48 0.001 -0.32 0.03 0.15 0.29 
-

Body mass index 0.7 <0.001 0.2 0.17 
..... 

Age 0.08 0.59 -0.12 0.41 -0.05 0.7 

Log Triceps 0.68 <0.001 0.43 0.004 0.39 0.005 

Log Subscap 0.71 <0.001 0.4 0.007 0.34 0.016 

Birthweight SOS 0.3 0.046 0.41 0.013 

Systolic BP 0.17 0.27 -0.11 0.47 -0.04 0.77 

Diastolic BP 0.28 0.07 0.17 0.29 0.1 0.5 

Glucose 0.07 0.68 0.05 0.75 0.08 0.62 

Log Insulin 0.58 <0.001 0.41 0.005 

Log HOMA 0.64 <0.001 0.51 0.001 -0.1 0.5 

Log C-Peptide 0.62 <0.001 0.46 0.002 -0.06 0.66 

IGF-1 0.47 0.004 0.42 0.01 0.34 0.016 

Cholesterol 0.21 0.17 0.25 0.12 0.05 0.75 

Log Triglyceride 0.36 0.02 0.27 0.08 0.15 0.33 

HDL cholesterol -0.14 0.39 -0.1 0.53 -0.26 0.1 

LDL cholesterol 0.24 0.13 0.27 0.08 0.14 0.39 

CholesterollHOL 0.29 0.06 0.28 0.08 0.24 0.12 

PAI-1 0.51 0.001 0.5 0.002 0.04 0.81 

Fibrinogen 0.22 0.19 0.26 0.12 -0.02 0.89 

VWF -0.1 0.57 -0.21 0.22 0.21 0.14 



Table 3.3 Correlations between log Leptin and the various outcome variables in 
the offspring of non diabetic pregnancy accounting for Birthweight SDS, 
current BMI and fasting Insulin. 

Birthweight SOS Body Mass Index Insulin 

r p r p r p 

Height 0.26 0.13 0.11 0.53 0.19 0.27 

Weight 0.39 0.02 0.12 0.49 0.23 0.18 

Body mass indelC 0.4 0.015 0.18 0.29 

Age 0.11 0.53 0.06 0.72 0.06 0.74 

Log triceps 0.33 0.049 0.08 0.62 0.31 0.06 

Log subscapular 0.41 0.012 -0.15 0.37 0.24 0.15 

Birthweight SOS 0.12 0.49 0.4 0.01 

Systolic BP 0.16 0.35 0.07 0.68 0.12 0.49 

Diastolic BP 0.25 0.14 0.09 0.58 0.15 0.37 

Glucose 0.5 0.003 0.46 0.07 0.19 0.29 

Log insulin 0.71 <0.001 0.58 <0.001 

Log HOMA 0.71 <0.001 0.56 0.001 -0.14 0.42 

Log C-peptide 0.59 <0.001 0.48 0.003 -0.11 0.54 

IGF-1 0.7 <0.001 0.61 <0.001 0.49 0.002 

Cholesterol 0.19 0.3 0.03 0.85 0.13 0.49 

Log triglyceride 0.33 0.058 0.16 0.37 0.12 0.5 

HDL cholesterol -0 .36 0.04 -0.34 0.05 -0.27 0.12 

LDL cholesterol 0.28 0.12 0. 15 0.4 0.24 0.18 

CholesterollHOL 0.41 0.02 0.29 0.1 0.29 0.1 

PAI-1 0.14 0.42 0.15 0.39 -0.63 0.75 

Fibrinogen 0.1 0.57 -0.08 0.62 0.1 0.57 

VWF 0.17 0.32 0.1 0.55 0.17 0.31 
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DISCUSSION 

Serum leptin is strongly correlated with measures of growth and adiposity in 

offspring of both diabetic and non-diabetic pregnancy. These relationships 

have been shown in some previous studies, however, often the children being 

studied are a mixture of ages and at varying stages of puberty (199, 202 -204, 

208,210 - 214). Our subjects were all pre-pubertal, being excluded from the 

study if they had any physical or biochemical suggestion of puberty. This is 

important, a it i now known that puberty has a strong influence on the leptin 

level (203). There were no differences between the leptin levels for sex or age 

in either of the offspring groups. 

The birth weight SDS (birthweight corrected for gestational age) 

correlate with leptin in the off pring of diabetics but not in the offspring of 

non diabetic mother . We are unaware of any study which has examined leptin 

level in childhood by glycaemic status during pregnancy. This result is of 

ignificance and ugge t that the diabetic intrauterine environment has a 

la ting effect on the current leptin tatus. Thi correlation persisted after 

c ntr lling for current BM! and fasting insulin. That this effect was not 

pre ent in the off pring of non diabetic pregnancy suggests that the changes 

which lead to the rai ed birth weight SDS al 0 upset mechanisms that 

determine leptin. The mo t likely cenario is that the hyper-insulinaemia and 

re ultant fetal overgrowth occurring in diabetic pregnancy leads to a resetting 



of the growth axis of the fetus that persists certainly into childhood and 

probably thereafter. 
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There were significant correlations between leptin and measures of 

glucose homeostasis and insulin resistance in both groups. These associations 

persisted on controlling for BMI and birth weight SDS. Insulin resistance has 

been implicated as an important factor in the genesis of cardiovascular disease 

(168). There eems no doubt that leptin is closely related to insulin modulation 

and may provide a further method of assessing increased cardiovascular risk. 

Leptin wa ignificantly a sociated with diastolic blood pressure in the 

off~pring of diabetic mother but not in the offspring of control mothers. 

Pre iou~ ~tudies have documented a ociations between leptin and blood 

pre sure in childhood, however, the e were in pubertal children (200), and 

ignificance wa · 10 t for female when accounting for BMI. Leptin was also 

h wn to ea ociated with y tolic blood pre ure in obese pre pubertal 

children~ ~ignificance wa again 10 t after controlling for BMI (215). In our 

study the a~ ciation between leptin and blood pressure lost significance when 

controlling for fa. ting in. ulin or BMI. 

Leptin correlated with PAI-1 level in the offspring of diabetic mothers 

only. This significant relation hip per isted in the diabetic group controlled for 

BMI, and birthweight D but wa 10 t after controlling for insulin. PAI-1 



levels have been shown in adults to correlate with increased cardiovascular 

risk (170). 
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In both groups leptin was associated with triglyceride levels, HDL

cholesterol and cholesterollHDL ratio. In offspring of diabetic mothers these 

correlations became insignificant when controlled for current BMI and fasting 

insulin, but remained significant for log triglycerides after controlling for 

birthweight SDS. In the control group significance was maintained on 

controlling for birthweight SDS, persisted for HDL cholesterol only controlled 

for BMI, and wa 10 t completely after controlling for fasting insulin. These 

re ult again reinforce the close linkage between leptin and other markers of 

cardiova cular ri k. 

The clo e relation hip between leptin and a number of accepted 

marker f cardiova cuIar ri k for both groups and the significant additional 

relationship in the off pring of diabetic ubjects all suggest that leptin has a 

central role in cardiova cuIar ri k prediction. The association of leptin with 

birthweight D in the off pring of diabetic mothers only would point to the 

programming of thi hormone by the intrauterine milieu of diabetic pregnancy. 

Long term follow up tudie of the e offspring are required. It is an intriguing 

pro pect that perhap a blood test at birth or in early childhood may one day 

be u ed to identify individual at increased cardiovascular risk who can in turn 

be con idered for primary preventative strategies. 



STUDY 3 

PREPRANDIAL VERSUS POSTPRANDIAL BLOOD GLUCOSE 

MONITORING IN TYPE 1 DIABETIC PREGNANCY: 

A RANDOMISED CONTROLLED CLINICAL TRIAL 

117 



-
118 

ABSTRACT 

Aims / hypothesis 

The optimal method of maximising glycaemic control, which is central to the 

outcome of diabetic pregnancy, is still not clear. The aim of this study was to 

compare preprandial and postprandial capillary glucose monitoring in 

pregnant women with type 1 diabetes. 

Materials and Methods 

61 women with type 1 diabetes who attended a combined metabolic antenatal 

clinic, were randomi ed at 16 weeks gestation to preprandial or postprandial 

blood gluco e monitoring throughout pregnancy. Capillary blood glucose was 

mea ured u ing memory-ba ed glucometers. Serial measurements of HbAlc 

and fructo amine were obtained throughout pregnancy. Insulin, glucose, IGF-

1 and pH were mea ured in cord blood at delivery. Neonatal blood glucose 

wa mea ured at 1 hour and neonatal anthropometric measures were 

performed within 72 hour po t delivery. 

Re ul 

Maternal age, parity, age of on et of diabetes, number of prior miscarriages, 

moking tatu, ocial cla ,weight gain in pregnancy and compliance with 

therapy were imilar in the two group . The postprandial monitoring group 

had a ignificantly reduced incidence of pre-eclampsia (3% vs 21 %, p<0.048), 

a greater ucce in achieving glycaemic control targets (55% vs 30%, 
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p<O.OOl) and a smaller neonatal triceps skinfold thickness (4.5 ± 0.9 vs 5.1 ± 

1.3, p=O.05). In the postprandial monitoring group the neonatal glucose at one 

hour post delivery was greater, while birthweight and the incidence of 

neonatal respiratory complications were less, than in the preprandial group. 

Conclusions 

Postprandial capillary blood glucose monitoring in type 1 diabetic pregnancy 

reduces significantly the incidence of pre-eclampsia and neonatal macrosomia 

compared with preprandial monitoring. 
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BACKGROUND 

Despite recent advances in obstetric, metabolic and neonatal care the perinatal 

mortality rate in diabetic pregnancy is still three times that of the non diabetic 

pregnant population (216). A major outstanding issue is whether it is possible 

to achieve the goals of the St Vincent declaration, whereby the outcome of 

diabetic pregnancy should approximate that of non diabetic pregnancy (217). 

The centrality of blood glucose control to outcome, both pre-conceptually and 

during pregnancy, ha long been recognised, but the optimal method of 

achieving euglycaemia in diabetic pregnancy is not known. Many have 

advocated that fluctuation in blood glucose should be minimised to avert 

maternal hyperglycaemia and decrea e the concomitant risk of fetal 

hyperglycaemia with it con equent fetal hyperinsulinism and excess fetal 

growth (21 ). De. pite early diagnosi and aggressive dietary and insulin 

therapy, perinatal mortality among infant born to diabetic mothers remains 

exce~sive - which mayor may not be attributed to suboptimal glycaemic 

control. Pre i us studie of combined preprandial and postprandial glucose 

m nit ring found an a ' ociation between fetal macrosomia and sub-optimal 

glycaemic control (219, 220). In one tudy blood glucose monitoring before 

meal in women with type 1 diabete mellitus did not provide an adequate 

indication of metabolic control or of the ri k of macrosomia, and postprandial 

glucose monitoring wa recommended (221). In another study, macrosomia 

was related to po. tprandial but not to fa ting blood glucose values (222). 
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A recent prospective randomised trial by de Veciana (223) compared the 

efficacy of pre and postprandial capillary glucose self-monitoring in relation to 

outcome among 66 Latino women with gestational diabetes who required 

insulin therapy at or before 30 weeks gestation. The goal of insulin therapy 

was to obtain preprandial values between 3.3-5.9 mmolll or postprandial 

values < 7.8 mmolll. The postprandial group had a greater mean change in 

glycosylated haemoglobin,( -3.0% vs -0.6%), lower infants' birth weight 

(3469g vs 3848g), and lower rates of neonatal hypoglycaemia (3% vs 21 %), 

large for ge tational age (12% vs 42%) and delivery by caesarean section 

becau e of cephalopelvic disproportion (12% vs 36%) than the preprandial 

group. The e finding are important, but as they relate to an ethnic group with 

a high prevalence of increa ed birth weight and gestational diabetes, their 

general application i limited. Some of the women probably had undiagnosed 

type 2 diabete becau e their diabetes wa identified in early pregnancy. The 

exclu ion of women who tarted insulin after 30 weeks of gestation increased 

the chance of finding a difference between the two groups because in all 

likelih d tho e excluded had le evere diabetes. 
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AIM 

The aim of this study was to examine maternal-fetal outcome in women 

randomised either to pre or postprandial capillary glucose monitoring in type 1 

diabetic pregnancy. 
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MATERIALS AND METHODS 

Subjects 

This was an ethically approved, randomised, controlled clinical trial. 74 

patients attending or referred to the Regional joint Metabolic / Antenatal clinic 

at the Royal Maternity Hospital, Belfast, before 14 weeks gestation were 

recruited. Of these one woman withdrew from the study, three had incomplete 

re ult , four women had spontaneous abortions at 12,16,19, 23 weeks, one 

woman had a tillbirth at 35 weeks (preprandial group) and four women 

delivered babie with major congenital abnormalities. This left 61 diabetic 

women (31 preprandial and 30 postprandial monitoring) with results suitable 

for analy i . Written con ent wa obtained. Subjects were transferred to a four 

times daily ba al bolu in ulin regimen if not already on this. Capillary blood 

giuco, e reading were mea ured u ing a ingle memory-based reflectance 

gluc meter (One Touch profile, Life can, Johnson & Johnson 1998), and were 

down loaded onto computer (In Touch Diabetes Management Software, 

Life, can, John on & John on 1998). The 24 hour day was divided into nine 

time pint ba ed around mealtime :- pre breakfast, post breakfast, pre lunch, 

po, t lunch, pre dinner, po t dinner, pre upper, post supper and sleep. Insulin 

do e and gluco e reading were al 0 recorded by diary and brought to the 

clinic. All ubject were Caucasian and had Type 1 diabetes prior to 

pregnancy. Ge tational age wa e timated from the date of the last menstrual 

period and ultra ound mea urements. 
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Women were randomly assigned at 16 weeks gestation to one of the two blood 

glucose monitoring protocols for the duration of their pregnancies. 

Randomisation was restricted to 40 patients per group and allocations were via 

a sealed envelope system, by which the patient selected from a box at the 

clinic visit. The preprandial group was asked to monitor fasting and 

preprandially. The postprandial group was required to monitor fasting, and one 

hour after the commencement of each meal. The women were reviewed 

fortnightly or more frequently if clinically indicated. During any 

ho pitali ation ubject were monitored according to their group assignment. 

In ulin do e were adju ted to achieve fasting glucose values between 3.3 and 

5.0 mmolJl, preprandial values between 3.3 and 5.9 mmolJl and postprandial 

value le than 7.8 mmolJl. The memory glucometers had a capacity of 250 

reading. and were downloaded to a computer every 2 weeks. The glucose 

value recorded on the patient' meter in the last four weeks of pregnancy 

prior to delivery were analy ed for compliance with the monitoring schedule 

and ucce in achieving the target value . Overnight early morning urine 

ample were obtained for albumin and albumin/creatinine ratios during each 

trime ter. 

linical data 

De criptive variable included age, parity, race, body mass index (booking 

vi it weight (kg )/ height2 (m)), cigarette smoking, social class and age of 

on et of diabete . Ob tetric variables were maternal weight gain, total insulin 
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dose throughout pregnancy, mode of delivery, pregnancy complications (pre

eclampsia, preterm labour etc.), mean capillary glucose, success in glycaemic 

control (number of readings within target ranges I total number of readings 

taken) and compliance with monitoring schedule (number of readings taken I 

number of expected readings). 

Pre-eclampsia (proteinuric pregnancy induced hypertension) was 

defined using the accepted criteria of the International Society for the Study of 

Hyperten ion in Pregnancy as proposed by Davey and MacGillivray (157). 

Patient who had a history of hypertension, proteinuric renal disease prior to 

pregnancy, or who had a urinary albumin >20g/dl or an albumin/creatinine 

ratio >2.0 mg/mmol recorded at less than 20 weeks gestation were excluded 

by definition. 

Neonatal outcome variables were birth weight, agpar score at 5 

minute , incidence of neonatal birth trauma, and the following complications: 

hyp glycaemia (blood gluco e < 1.7 mrnoVI), hyperbilirubinaemia (serum 

bilirubin> 171 micromole Ilitre if delivered at term, or> 256 micromoles/litre 

if delivered before 37 week gestation) and respiratory complications. 

Blood ampling 

Glyco ylated haemoglobin and fructosamine levels were performed at 

booking, 16, 20, 28, 32, 36 and 38 weeks gestation. Cord blood was taken for 
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insulin, IGF-1, pH, glucose, haemoglobin and red cell indices. Twenty mls of 

venous cord blood were obtained from the cord from the maternal side 

immediately after clamping and cutting the cord at delivery. Neonatal blood 

glucose was analysed using a Haemocue at 1 hour following delivery via a 

heel prick. Neonatal anthropometric measures were performed within 12 - 72 

hours of birth and included head circumference, total length, triceps and 

subscapular skinfold thickness. 

Assays 

Were a previou ly recorded in Study 1 and Study 2. HbA1c was recorded by 

three different method during the time period of the study. All the previous 

HbA1c re ult were adju ted to current methodology (high pressure automated 

high performance liquid chromatography, Arkray - Menarini Diagnostics 

Auto Alc HA 140 analy er; intra-assay coefficient of variation was 3 %, 

DCCT aligned re ult reference range was < 6.5%), thus allowing numerical 

compari on of the re ult . Fructosamine, was measured on a Cobas Fara 

centrifugal analy er, (Roche Diagnostic Systems, Hertfordshire, U.K). 

tati tics 

To allow for variation in birth weight by gestational age and gender, birth 

weight value were transformed to standard deviation scores (SDS), using the 

1990 Briti h Growth Standard (178). Quantitative variables are expressed as 

mean and tandard deviation , geometric means and inter-quartile range (for 
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non-normally distributed variables), and categorical variables as appropriate. 

Preprandial and postprandial groups were compared using independent 

samples t-tests, and X2 analysis with Yates correction or Fishers exact test as 

appropriate. Associations between birth weight corrected for gestational age 

and the measures of glycaemic control throughout pregnancy were assessed 

using Pearson's correlation coefficient. The effects of potentially confounding 

variables were examined using analysis of co variance and logistic regression 

analy i . All tests were conducted at the 5% level of significance. 
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RESULTS 

The baseline characteristics of the two study groups are shown in Table 4.1. 

There were no statistically significant differences between the groups in age, 

parity, number of miscarriages, smoking status, age of onset of diabetes and 

social class. The postprandial group was heavier and had a significantly higher 

BMI at booking, however weight gain during pregnancy was similar in both 

groups (Table 4.2). There were no significant differences between the two 

group for renal di ea e, hypertension (requiring oral medication) prior to 

pregnancy, or a family history of hypertension or ischaemic heart disease. 

Data on clinical and obstetrical outcomes are shown in Tables 4.2 and 

4.3. Both group had a imilar mean gestational age at delivery, however, the 

mean birth weight wa lower in the postprandial group compared with the 

preprandial group (Table 4.3). The total insulin dose pre-pregnancy was 

imilar in b th group ,however, the mean insulin dose in the third trimester 

wa higher in the po tprandial group (either expressed as units per day or as 

units per kilogram of the mean third trimester weight). Glycosylated 

haemoglobin value were lightly higher at the initial visit in the preprandial 

group and remained higher in the third trimester than the postprandial group. 

The reduction in HbA 1 c values from the booking visit and from randomisation 

wa greater in the po tprandial group. 



Compliance with the monitoring schedule did not differ significantly 

between the two groups, however, the postprandial monitoring group had 

significantly greater success in achieving the target glucose values for the 

respective time points in both trimesters 2 and 3. Mean glucose values 

excluding pre breakfast values were, as expected, higher in the postprandial 

monitoring group but not significantly so. Pre breakfast (fasting) mean 

capillary glucose value were higher in the preprandial monitored group in 

trime~ter 2 but were very imilar between the groups in trimester 3. Serum 

fructoamine level ' did not differ ignificantly between the two groups. 

There was a Igmficant n e in the lllcidence of pre-eclampsia 
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(pr teinuri pregnancy induced hyperten ion) in the preprandial group before 

( i~her. e act t . t, p=0.04 ), and after adju tment (logi tic regression, 

p=O. 5), f r p s~i le confounding by the group difference in BMI at booking. 

Th r wa ann ignificant trend toward a higher rate of caesarean 

ti n d li r in th preprandial group. The two group had imilar rates of 

a sare n ~ cti n f r ephal peI ic di proportion or u pected fetal 

mla. 

Ther wer twice as many infant weighing greater than 4000 grams in 

the pr prandial group (9/31 (29%) v 4/30 (13.3%), p=0.35) but this did not 

achie ignificance (Table 3). The proportion of infant with a birthweight 
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standardised for gestational age above the 90th percentile was similar in the 

two groups. There was no significant difference in the incidence of neonatal 

birth trauma during vaginal delivery. One unexplained stillbirth occurred in 

the preprandial group. This fetus was on the 99th percentile for birthweight 

corrected for gestational age although glycaemic control had been reasonable 

throughout pregnancy. Preprandial versus postprandial geometric mean cord 

blood insulin, mean IGF-l, cord pH, fetal pev, fetal haemoglobin, APGAR 

score at 5 minutes, and the number of neonates admitted to the neonatal unit 

was similar in the two group. The postprandial group had a longer mean stay 

in the neonatal unit (11.9 ver u 5.7 days), however this data was skewed by 

two very premature babie born at 29 and 30 weeks who stayed for 35 and 77 

days re pectively. The neonatal gluco eat 1 hour after delivery was higher in 

the p stprandial group. The incidence of hypoglycaemia with glucose < 1.7 

mm III during the fir t 72 hour of life or hypoglycaemia requiring 

intraven us glucose treatment (9/31 (29%) v 8/30 (26.7%», the incidence of 

hyperbilirubinaemia and the need for phototherapy treatment (6/31 (19.4%) vs 

5/30 (16.7 %» did n t differ ignificantly between the two groups. The 

preprandial group had more neonatal re piratory problems, requiring either 

c ntinuou\ p "iitive pre ' ure ventilation or endotracheal ventilation, compared 

with the postprandial group, which approached ignificance. The preprandial 

group had eight cases of tran ient tachypnoea of the newborn (TIN), one of 

respiratory distress syndrome and one unc1as ified, while the postprandial 

group had three cases of TIN, one of re piratory distress syndrome and one of 
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congenital pneumonia. Antenatal steroid treatment did not differ between the 

groups. Cases of spontaneous preterm labour (0/31 vs 4/30, p=0.08) were 

greater in the postprandial group, but the number of deliveries occurring 

before 37 completed weeks of pregnancy was similar in the two groups: 

preprandial (11/31 (35.6%) vs postprandial (8/30 (26.7%». The triceps 

skinfold thicknes~ was significantly lower in the postprandial monitored group 

and the subscapular kinfold thickness showed the same trend (Table 4.3). 

Head circumference and ponderal index was similar in the two groups. 
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Table 4.1 : Baseline characteristics of the study groups. 

Age (y) 

Parity o 

1 

~2 

Mi carriage 0 

1 

~2 

Weight at booking(kg) 

BMI (kglm2
) 

Manual job 

moking 

Diabetic onset (y) 

Preprandial (n=31) Postprandial (n=30) p Value 

29.7 (4.9) 

15 (48%) 

8 (26%) 

8 (26%) 

22 (71 %) 

5 (16%) 

4 (13%) 

69.0 (11.0) 

25.9 (3.9) 

12/31 (39%) 

6/30 (19%) 

16.4 (9.2) 

30.0 (4.9) 

13 (43%) 

11 (37%) 

6 (20%) 

18 (60%) 

8 (27%) 

4 (13%) 

75,4 (14.8) 

28.6 (5.8) 

12/30 (30%) 

2/30 (7%) 

18.0 (10.1) 

0.80 

0.64 

0.58 

0.06 

0.04 

0.92 

0.26 

0.53 
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Table 4.2 : Obstetrical outcome in relation to pre and postprandial capillary 
glucose monitoring. Data presented as mean (SD), median (inter-quartile range), or 
number (%) where appropriate. 

Preprandial Postprandial p 
Variable n=31 n=30 
Delivery gestation (weeks) 36.9 (1.5) 36.7 (2.5) 0.75 

Weight gain (kg) 15.0 (5.2) 15.9 (6.5) 0.57 

Insulin dose 
Prep regnancy 50.0 (23.2) 51.3 (25.1) 0.84 
Units Iday 103.0 (51.3) 120.4 (52.3) 0.18 
Units 1 kg 1.2 (0.5) 1.4 (0.5) 0.20 
Change 50.2 (35.7) 65 (49.0) 0.37 

Cae arean ection - Total 21131 (68%) 14/30 (47%) 0.10 
- For u pected disproportion 8/30 (27%) 7/30(23%) 0.77 

Pre-eclamp ia 6/28 (21 %) 1130 (3%) 0.048 

Glyco ylated haemoglobin ( %) 
Initial 7.6 (1.1) 7.4 (l.4) 0.63 
Final 6.3 (0.7) 6.0 (0.8) 0.11 

hange from booking - 1.3 (1.0) - 1.4 (1.3) 0.59 
hange from randomi ation - 0.1 (0.6) - 0.3 (0.8) 0.39 

M an capillary gluco e (mmoVI) 
Trime ter 2 (excluding breakfa t) 7.3 (1.6) 7.9 (1.4) 0.13 
Trim ·t r 3 (excluding breakfa t) 6.9 (l.4) 7.6 (1.4) 0.08 

Trim t r 2 ( fa ting ) 7.7 (1.8) 7.0 (2.0) 0.23 
Trim t r 3 ( fasting) 7.0 (1.3) 7.0 (2.0) 0.91 

Fructo amine (J.lmoVI ) 
250.4 (37.6) 240.28 (33.16) 0.27 Trime ter 2 

Trime ter 3 214.4 (27.2) 213.40 (32.81) 0.9 

ucce in glycaemic control (%) 
Trime ter 2 29.4 (0.1) 51.6 (0.19) <0.001 
Trim ter 3 30.3 (0.1) 55.5 (0.2) <0.001 

ompliance with chedule (%) 
39.7 (0.21) 0.13 Trim t r 2 47.6 (0.2) 

Trim ter 3 30.2 (0.2) 35.7 (0.23) 0.35 



Table 4.3 : Neonatal outcome in relation to pre and postprandial capillary 
glucose monitoring. 
Data presented as mean (SD), median (interquartile range), or number (%) as 
appropriate. SDS - Standard Deviation Score. 

Variable Preprandial Postprandial 
n=31 n=30 

Male sex ·17/31 (55%) 14/30 (47%) 

Birth weight (g) 3509 (684) 3270 (656) 

Birth weight >90th percentile 18/31 (58%) 15/30 (50%) 

Birth weight SDS 1.64 (1.27) 1.2 ( 1.2) 

Birth trauma 1131 (3%) 2/30 (7%) 

Cord Insulin (mUll) 30.2 (7.8 - 93.3) 16.2(5.8- 40.7) 

Cord IGF-1 (~) 8.6 (4.5) 7.3 (3.4) 

Admi ion to eonatal Unit 15/30 (47%) 14/29 (45%) 

Length of tay eonatal Unit (days) 6.0 (2 - 8) 4.0 (2 - 12) 

eonatal gluco e at 1 hour old 2.2 (1.5) 2.4 (1.2) 

R piratory problem 10/31 (32%) 5/30 (16%) 

Tricep kinfold thicknes (mm) 5.1 (1.3) 4.5 (0.9) 

ub capular kinfold thick ne s(mm) 6.3 (1.7) 5.7 (1.4) 
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p value 

0.70 

0.17 

0.71 

0.20 

0.55 

0.75 

0.29 

0.89 

0.88 

0.57 

0.07 

0.05 

0.11 



DISCUSSION 

Our results indicate that postprandial capillary glucose monitoring during 

pregnancy in type I diabetics can lead to significant improvements in 

obstetrical and neonatal outcome. 
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Of note was the reduced incidence of pre-eclampsia in the postprandial 

group compared with the preprandial group (3 % vs 21 %, p=0.048), (Table 

4.2). Smoking tatus and a family history of cardiovascular disease were 

imilar between the groups. 

Several po ible explanations exist to explain the reduction in pre

eclamp ia. Over the la t 5 to 10 years there has been an increasing recognition 

of the po ible relevance of postprandial hyperglycaemic spikes, rather than 

imply chronic hyperglycaemia, to the complications of diabetes (224). In non 

pregnant diabetic ubject acute hyperglycaemia increases blood pressure 

(225,226), and aggravate mu cular and neuronal damage during myocardial 

infarction and troke leading to a worse prognosis (227 - 230). Marked 

variation in blood glucose levels in non pregnant diabetics have also been 

hown to alter the coagulation y tern in vivo and to increase levels of the 

adhe ion molecule ICAM-l, a marker of activation of the atherogenic process 

(231). Acute hyperglycaemia re ults in vasoconstriction in the rat model (232). 

Oxidative tress is also recognised to have a central role in the pathogenesis of 
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diabetic complications (233). Free radical production is increased during acute 

hyperglycaemia (234) and removal of these potentially toxic substances is 

reduced during meal induced hyperglycaemia in diabetic and non diabetic 

subjects (235). A recent randomised trial reported that antenatal antioxidant 

treatment reduced the incidence of pre-eclampsia in non diabetic pregnancy 

compared with placebo (236). 

Placental growth i central to the pathogenesis of pre-eclampsia. 

Abnormal placentation during trophoblastic invasion into the myometrium is 

related ~trongly to the occurrence of pre-eclampsia in later pregnancy (237, 

23 ). The low resistance network required in the placental bed for coping with 

the higher blood filtration pre ure in later pregnancy does not form 

adequately, leading to damage within the placental bed, release of free 

radicab, activation of the coagulation ca cade, multi-end organ microvascular 

damage with 'ubsequent increa ed peripheral resistance and increased blood 

pre~,,>ure,,> within the placental bed. A piraUing increa e in this process occurs 

manife~ted by the clinical sign and ymptoms of pre-eclampsia. It is 

conceivable that acute epi ode of hyperglycaemia affect blood vessel growth 

and de elopment within the placental bed and in variou end organs. Thus 

while fasting and preprandial gluco e level provide some indication of 

glycaemia, postprandial gluco e level may offer additional insight into 

glycaemic c ntrol and disea e pathogene i . 
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The offspring in the postprandial group also were significantly less 

macrosomic, with reduced triceps skinfold thickness. There was a trend for the 

postprandial group to have smaller babies with lower cord insulin levels and 

higher one hour glucose levels. These data would suggest fetal insulin levels 

in utero were lower and maternal glycaemic control was better in this group. 

Several studie have reported that surfactant production in the fetal lung is 

impaired in the poorly controlled pregnant diabetic (239). This might explain 

the difference in the incidence of neonatal respiratory complications between 

the two group. The po tprandial group al 0 had the two most premature 

infants d livered in the study but yet overall had much less respiratory 

pr blems. 

Maternal BMI and w ight at booking tended to be higher in the 

p ')tprandial gr up ut weight gain during pregnancy wa similar between the 

tw gr up. Maternal weight, anthropometry and weight gain during 

pr gnan w r all h wn to influence neonatal anthropometry in some 

tudi ') (24 -242). In ur study BMI at booking did not correlate significantly 

with irthweight (preprandial group p=O.35, po tprandial group p=O.98). 

Th r wa~ al n c rr lati n between maternal BMI and HbAlc or mean 

gluc ') alue. 

Th change in H Alc in both group wa not a large as in the de 

Veciana ')tudy (22 ), h we er, thi wa not unexpected, a all our patients had 
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type 1 diabetes prior to pregnancy and glycaemic control had improved from 

the time of booking to randomisation at 16 weeks. The majority of subjects 

were on folate and had performed self monitoring of their daily blood sugar 

prior to conception. In the de Veciana pregnancy there were very high glucose 

value in early pregnancy in both groups which would not be typical of a type 

1 diabetic pregnancy (243). 

Compliance with monitoring was slightly greater in the preprandial 

group in the second trime ter. This was most probably a reflection of the time 

taken for patient to become more familiar with postprandial blood glucose 

value ' and their interpretation. By the third trimester there was a trend towards 

greater compliance in the po tprandial group. In general, compliance rates 

were I wer than would have been anticipated from information recorded in 

maternal diaries, which ha been reported by other (244). This disparity is 

imp rtant a. it is the written record of blood gluco e which often provides the 

stimulus t change the insulin do e. Succe in achieving glycaemic control 

targets wa. significantly higher in the po tprandial group throughout 

pregnancy. Perhap a higher ucce in achieving preprandial target glucose 

alue. w uld have reduced any apparent differences between the two groups. 

Als the p stprandial gr up had an upper limit but no lower target limit. This 

may have influenced the re ult , although among tho e patients failing to 

achieve the bl d gluco e target in the preprandial group, 99% of the failures 

were due to bl d ugar above the upper value in the quoted range. 
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The target ranges for the two monitoring groups were those used by the 

American Diabetes Association (245) and corresponded to the de Veciana 

study (223) and other studies cited in this area (246). It seems clear, however, 

that there is no threshold glucose level and that both preprandial and 

postprandial readings are related in a continuous manner to maternal and fetal 

outcome, with complications arising at both extremes (247). Diagnostic and 

target ranges will therefore most likely represent a consensus directed at the 

complication of interest and dictated partly by its frequency of occurrence. 

This tudy by it very nature was not blinded to the diabetes specialists 

involved in the patients' care. This could have introduced bias, although each 

patient wa randomly a igned to a monitoring group by a third party and the 

type of monitoring wa recorded within the diabetes section of the records and 

in a eparate file for reference at the completion of the study. The monitoring 

group wa. not recorded in the ob tetric records and every attempt was made to 

pr vide ob tetric care without reference to the monitoring method. 



STUDY 4 

LEPTIN CONCENTRATIONS IN MATERNAL SERUM AND CORD 

BLOOD IN DIABETIC AND NON DIABETIC PREGNANCY 
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ABSTRACT 

Aims / hypothesis 

To examine the relationships between maternal and cord leptin concentrations, 

maternal and neonatal outcomes and measures of glycaemic control in diabetic 

and non diabetic pregnancy. 

Materials and Methods 

Pro pective, randomly selected, ethically approved observational study in 61 

type 1 diabetic and 50 non diabetic pregnancies. Serum leptin, fructosamine, 

and HbAlc were mea ured erially throughout pregnancy and cord blood 

leptin, in u\in, IGF-l, and c-peptide at delivery. Neonatal glucose was 

measured at 1 hour of age and a neonatal anthropometric assessment was 

made within 72 hour of birth. Leptin wa measured using an ELISA. 

Re u 

erial maternal leptin mea ure were not ignificantly different between the 

two group ' during pregnancy. Leptin level fell ignificantly in both groups 

after delivery. In both group, erial maternalleptin concentrations correlated 

with maternal BMI and erum fructo amine in trimesters 2 and 3; maternal , 

leptin correlated with cord leptin level in the non diabetic group only, for 

trime ter 2 and 3. Cord leptin level correlated with cord c-peptide, cord IGF-

1, birthweight, birthweight corrected for gestational age, and neonatal 
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anthropometry in both groups. Cord leptin correlated with HbAlc (trimesters 

2 and 3) and with fructosamine (trimester 2) in the diabetic group only. Cord 

leptin levels increased significantly with increasing birthweight corrected for 

gestational age in both groups but remain significantly higher at all 

birth weights in the diabetic group after multiple regression analysis. 

Conclusions 

There are strong associations between cord leptin levels and other measures of 

fetal growth in both groups. Cord leptin however, is also influenced by 

glycaemic control in the diabetic group. These results highlight the metabolic 

impact of hyperglycaemia during pregnancy on the newborn and would be 

con i tent with the theory of fetal programming of adult disease. 
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BACKGROUND 

The word Leptin comes from the Greek 'leptos', meaning thin. This 16 

kilodalton protein product of the mouse obese gene was first discovered by 

Freidman's group in 1994 (189). The initial animal studies suggested that 

leptin was produced in the adipocyte cell, and circulated in serum as the 

afferent signal to the satiety centre in the arcuate nucleus of the hypothalmus. 

A feedback loop was established regulating energy expenditure and appetite, 

thu directly affecting the body fat stores (190, 191,248). Evidence supporting 

for thi feedback loop has come from the weight reducing affects of 

admini tering leptin to obese rodents (249), and to morbidly obese humans 

(250). Leptin level in the fed state are directly related to body mass index 

(BMI) (191,192). 

Obe e gene expre ion is also modulated by many other factors. Of 

the e, one of the mo t important appear to be insulin. In animal studies obese 

gene expre ion and leptin production are enhanced by insulin and decreased 

when in ulin deficiency i induced by streptozotocin (251). Hyperglycaemic 

and euglycaemic clamp tudies in humans indicate a role for insulin in the 

chronic regulation of leptin with a delayed rise in leptin during a prolonged 

clamp (252). 
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It is now known that leptin is produced in the syncytiotrophobastic cell 

and amnion cell during pregnancy (253). Studies on leptin in pregnancy have 

generally shown that maternalleptin is related to maternal BMI and that cord 

blood leptin relates to neonatal birthweight and anthropometry (254, 255). It 

has also been suggested that leptin plays a crucial role in the laying down of 

fetal fat in the third trimester of pregnancy with possible implications for 

neonatal and adult life (256). 

In diabetic pregnancy there is the potential for fetal growth to be upset 

by poor glycaemic control with resultant fetal hyperinsulinaemia. This 

ituation provide an opportunity to explore the impact of a possible resetting 

of the intra-uterine in ulinJgrowth axis and its impact on maternal and fetal 

leptin production. 
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AIMS 

The aims of this study were to examine the relationships between maternal and 

cord leptin concentrations (i) with each other, (ii) with maternal and neonatal 

anthropometric measures, (iii) with other measures of fetal growth, and (iv) 

with maternal glycaemic control in type 1 diabetic and non diabetic 

pregnancy_ 
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MATERIALS AND METHODS 

Subjects 

This was an ethically approved prospective randomised trial. Seventy two type 

1 diabetic patients and 60 non diabetic pregnant control subjects attending the 

Royal Maternity Hospital, Belfast were recruited consecutively before 14 

weeks gestation. Written consent was obtained in all patients. The non diabetic 

ubjects were excluded if they had a history of glucose intolerance or previous 

ge tational diabete , or if they had a first degree relative with diabetes. A 

routine creening programme for hyperglycaemia in pregnancy has been in use 

in thi ho pital for many years (123). All diabetic subjects were confirmed as 

type 1 prior to pregnancy. All study patients were Caucasian. Gestational age 

wa e timated from the date of the last menstrual period and by ultrasound 

mea urement . The diabetic group wa part of another study comparing 

preprandial and po tprandial method of monitoring blood glucose control 

during pregnancy (Study 3). There wa no difference however in serial or cord 

leptin level between the two group , and the re ults were therefore pooled for 

analy i . In all ubject glycosylated haemoglobin, fructosamine, and leptin 

level were performed at booking, 20, 28, 32, 36 and 38 weeks gestation. 

Leptin wa al 0 mea ured within 72 hour post delivery and at 6-8 week 

p tnatal review. HbAlc <6.5 % wa considered as normal in pregnancy. In 

the diabetic group one woman withdrew from the study, three had incomplete 

re ult , four women had pontaneous abortions (12,16,19, 23 weeks), and four 
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women delivered babies with major congenital abnormalities. In the non 

diabetic group three women withdrew from the study, five had incomplete 

results, one had a spontaneous abortion (12 weeks) and one had a baby with a 

major congenital abnormality. This left 60 diabetic and 50 non diabetic 

women with results suitable for analysis. 

Clinical data 

Clinical, ob tetric and neonatal outcome variables were as previously 

de cribed in Study 3. 

Blood ampling 

Twenty ml of venou and 5 mls of arterial cord blood were taken from the 

cord after clamping and removal of the baby. The venous cord blood sample 

wa analy ed for in ulin, c-peptide, IGF-l, leptin and glucose. The arterial 

sample wa analy ed for leptin. Neonatal blood glucose and anthropometric 

mea. ure were performed a described in Study 3. 

A ay 

erum leptin and the other a ay were measured a previously described in 

tudie 1, 2 and 3. 
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Statistical analyses 

Quantitative variables are summarised using means and standard deviations, or 

numbers and percentage as appropriate. Comparisons between diabetic and 

non-diabetic groups are presented as means (with standard deviation) or as 

geometric means (with inter-quartile range) for non normally distributed 

variables. Statistical significance was assessed using independent sample t

tests. Multiple linear regression analysis was used to assess the ratio of 

geometric mean cord leptin levels in diabetic and non diabetic women before 

and after adjusting for confounders. The association between maternal serum 

and cord leptin values and other variables was assessed using Pears on 

correlation coefficients, and when accounting for log c-peptide with partial 

correlation coefficient . All te ts were conducted at the 5% level of 

ignificance. 
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RESULTS 

The characteristics of the two study groups are shown in Table 5,1. The 

groups were similar in age, body mass index at booking, parity, and social 

class. Significantly less mothers in the diabetic group smoked cigarettes. The 

diabetic group had a significantly increased incidence of pre-eclampsia and 

birth weight corrected for gestational age. Body mass index corrected for 

gestational age, triceps and subscapular skinfold thicknesses were significantly 

greater in the diabetic group. Neonatal sex did not differ between the two 

group. 

Mean HbAlc level a expected were significantly higher in the 

diabetic group compared with the control group (Antenatal booking: 7.5 vs 

5.0, p<O.OOI; Trime ter 2: 6.1 v 4.7, p<O.OOI; Trimester 3: 6.1 vs 4.9, 

p<O. 01) a. were erum fructo amine level corrected for albumin (Antenatal 

b oking: 306.7 v 211.6, p<O.OOI; Trime ter 2: 254.8 v 192.3, p<O.OOI; 

Trimester 3: 211. v 177.7, p<O.OOI). 

A compari on of maternal erum, cord blood and neonatal blood 

ariable between the two group i hown in Table 5.2 and Figure 5.1. There 

were noignificant difference between the two group for leptin at booking 

r mean leptin in trime ter 2 and 3. Figure 1 shows the maternal serum leptin 

mea 'ured erially throughout pregnancy for both groups. There was no 
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statistically significant difference between the groups at any of the serial time 

points. Maternalleptin fell significantly after delivery (from booking) in both 

groups (diabetic group, p=0.016; non diabetic group, p<O.OOI) which was 

maintained at the six week postnatal visit (diabetic group, p<O.OOI; non 

diabetic p< 0.001). 

Cord leptin, insulin and c-peptide were all significantly higher in the 

diabetic group. Cord IGF-l levels did not differ significantly between the two 

groups. Neonatal glucose measured at 1 hour post delivery was significantly 

lower in the offspring of diabetic subjects. 

Table 5.3 how the correlation between maternal serum leptin 

concentration at booking, mean leptin in trimesters 2 and 3, and various 

ob tetrical and neonatal outcome variables. There was no significant 

a ociation between maternal erum leptin and cord insulin, c-peptide and 

IG -1. In the diabetic group, cord leptin correlated poorly with maternalleptin 

b th at booking and throughout pregnancy but the non diabetic group showed 

a ignificant correlation between maternal serum leptin and cord leptin in 

trime ter 2 and 3. There wa no significant association between the maternal 

leptin concentration and the incidence of pre-eclampsia or with glycaemic 

control mea ured by HbAlc. However, fructosamine levels in trimesters 2 and 

3 did how ignificant negative correlations with the maternalleptin levels in 

diabetic and control pregnancies (most strongly with trimester 2leptin values 
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:- p<O.Ol (diabetic), p<O.Ol ( non-diabetic) for trimester 2 fructosamine values 

; p<O.Ol (diabetic ), p=O.05 (non-diabetic) for trimester 3 fructosamine 

values). Maternal age, smoking and parity had no association with serialleptin 

levels. Both groups showed hIghly significant correlations between all 

maternal leptin levels and the booking BMI of the mother. There was no 

significant association between the neonatal BMI standard deviation score and 

maternal serialleptin values. The birthweight standard deviation score was 

significantly negatively correlated with the mean 2nd trimester leptin level in 

the diabetic group only. 

The a ociation between venous cord leptin values and various 

maternal and neonatal outcome variables are shown in Table 5.4 and Figure 

5.2. Venou. cord leptin correlated trongly with arterial cord leptin in both 

group. In the diabetic group cord leptin correlated with cord c-peptide but 

failed to reach ignificance with cord in ulin or cord IGF-l. In the non diabetic 

gr up cord leptin correlated with c-peptide, cord in ulin and cord IGF-l. 

Birthweight corrected for ge tational age, neonatal body mass index standard 

de iationc re, and neonatal tricep and ub capular kinfold thickne s all 

correlated significantly with venou cord leptin in both groups. Neonatal 

gluc se at 1 hour of age correlated ignificantly with venou cord leptin in the 

diabetic gr up only. The control group showed no ignificant correlation 

between en u cord leptin and the variou indices of maternal glycaemic 

control, wherea the diabetic group howed significant correlations with 
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HbA 1 c in trimester 2 and 3 and fructosamine in trimester 2. There was no 

significant correlation between fetal sex and the cord leptin. Figure 5.2 

represents the relationship of cord leptin to birthweight corrected for 

gestational age for both groups. Cord leptin rose significantly with increasing 

birthweight SDS for both groups but was significantly higher in the diabetic 

group compared with the non diabetic group throughout the birth weight SDS 

spectrum. 

On controlling for log c-peptide significant correlations (r, p) that 

remained with log cord leptin and the variables in Table 5.4 were: Diabetic 

group; leptin (arterial) (0.97, <0.001), birthweight (0.44,0.001), birthweight 

SDS (0.32, 0.02), triceps skinfold (0.42, 0.003), subscapular skinfold (0.54, 

<0.001), HbA1c (trime ter 2) (0.43, 0.002), HbA1c (trimester 3) (0.45, 0.001), 

fructo amine (trime ter 1) (0.32, 0.03), fructosarnine (trimester 3) (0.01). 

Control group; leptin (arterial) (0.95, <0.001), IGF-1 (0.41,0.006), 

birthweight SDS (0.37,0.02), ub capular skinfold (0.44, 0.004). 

Table 5.5 repre ent the ratio of the geometric mean cord leptin levels 

in diabetic and non diabetic pregnancies before and after adjustment for 

confounder . Cord leptin levels were still very significantly higher in the 

diabetic group after adjusting for maternal BMI, cigarette smoking, pre

eclamp ia and birthweight SDS. 
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Table S.l : Characteristics and pregnancy outcomes of the study groups 

BMI=Body mass index, SDS=Standard deviation score, SCBU=Special care baby unit. 
Data presented as mean (standard deviation) or number (percentage) as appropriate 

Diabetic Non Diabetic P value 

Maternal details 

Age (yrs) 29.2 (4.6) 29.3 (6.7) 0.91 

BMI (booking) 27.6 (S.3) 2S.7 (S.4) 0.07 

Parity 0 26/60 (43.3%) 17/S0 (34%) 

1 19/60 (31.7%) 13/S0 (26%) NS 

~2 lS/60 (2S%) 20/S0 (40%) 

o mi carriages 0.S8 (0.91) 0.36 (0.7S) 0.16 

Cigarette moking 7/60 (11.7%) 20/S0 (40%) <0.01 

Manual occupation 2S/60 (41.7%) 2S/S0 (SO%) 0.39 

Pregnancy outcome 

Pre-eclamp ia 10/60 (16.7%) 2/S0 (4%) 0.03 

Delivery ge tation (wks) 36.7 (2.13) 39.7 (1.39) <0.001 

Birthweight (g) 3362 (718) 3449 (S09) 0.46 

Birthweight D 1.4(1.2) 0.07 (1.0) <0.001 

onatal BMI D 1.29 (1.3) 0.06 (1.3) <0.001 

Tric p kinfold (cm) 4.76 (1.17) 4.08 (0.69) <0.001 

ub capular kinfold (cm) 5.93 (1.5 ) 4.86 (0.99) <0.001 

Male ·ex 31160 (51.7%) 24/S0 (48%) 0.71 

B admi ion 27/57 (47.4%) O/SO (0%) <0.001 
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Table 5.2 : Maternal serum and cord blood leptin and other metabolic variables in 

diabetic and non diabetic subjects. 

Data presented as mean (standard deviation) or geometric mean (interquartile range). 
t Analysis performed on logarithmically transformed data 
* n = 30 in both groups 

Variable Diabetic Non diabetic p 

Maternal blood 

Leptin (booking) t 21.4 (12.9 - 39.1) 17.4 (9.8 - 35.3) 0.17 

Leptin (trimester 2) t 24.6 (15.3 - 39.6) 21.9 (12.3 - 41.5) 0.37 

Leptin (trime ter 3) t 24.0 (14.6 - 38.8) 22.4 (11.4 - 40.8) 0.67 

Leptin (po t delivery) t 11.8 (6.4 - 22.4) 9.3 (4.3 - 19.0) 0.24 

Leptin (po tnatal) t 13.1 (7.3 - 23.4) 14.5 (8.4 - 28.2) 0.60 

eonatal gluco e 2.35 (1.35) 3.36 (1.02) 0.001 

(1 hour po t deli ery) 

Leptin vein t 18.6 (8.4-45.1) 7.2 (4.9 - 13.7) <0.001 

Leptin art ry t 16.6 (6.4 - 41.8) 7.8 (4.6 - 15.5) 0.004 

Inulin t * 22.9 (6.8 - 67.4) 3.4 (2.8 - 5.1) <0.001 

C-P ptide t 1.7 (0. - 3.3) 0.7 (0.5 - 1.0) <0.001 

I F-1 7.8 (4.0) 7.6 (3.7) 0.79 
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Table 5.3 : Maternal serum log leptin at booking, trimester 2 and trimester 3 in 
relation to maternal and neonatal variables. 
t Analysis performed on logarithmically transformed data 
* n = 30 in both groups 

Variable Leptin Diabetic 
(Time point) r P 

BMI (booking) Booking 0.56 <0.001 
Trimester 2 0.47 <0.001 
Trimester 3 0.43 <0.001 

Birthweight SDS Booking -0.19 0.17 
Trimester 2 -0.30 0.02 
Trime ter 3 -0.21 0.11 

ord blood 
Leptin t Booking <0.01 0.98 

Trime ter 2 -0.11 0.44 
Trime ter 3 -0.05 0.71 

In ulin t * Booking -0.02 0.93 
Trime ter 2 -0.21 0.23 
Trime ter3 -0.16 0.39 

c-P ptid t Booking 0.07 0.63 
Trime ter 2 -0.10 0.48 
Trime ter 3 < -0.01 0.99 

I -1 B oking -0.14 0.36 
Trime ter 2 -0.27 0.06 
Trime ter 3 -0.21 0.15 

Triceps kin~ Id (mm) Bo king -0.26 0.06 
Trime ter 2 -0.43 0.001 
Trime ter 3 -0.20 0.15 

u apular kin~ Id B king -0.2 0.04 
mm) Trime ter 2 -0.50 <0.001 

Trimester 3 -0.27 0.05 

Non diabetic 
r P 

0.72 <0.001 
0.67 <0.001 
0.60 <0.001 

0.25 0.14 
0.15 0.32 
0.12 0.40 

0.23 0.19 
0.37 0.01 
0.31 0.04 

0.06 0.82 
0.17 0.40 
0.22 0.27 

-0.13 0.44 
0.24 0.97 
0.21 0.43 

0.11 0.52 
0.14 0.36 
0.08 0.60 

0.07 0.69 
0.24 0.13 
0.17 0.28 

0.17 0.34 
0.24 0.11 
0.21 0.16 
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Table 5.4 : Cord serum log leptin and its relationship with maternal and neonatal 
outcome variables. t Analysis on logarithmically transformed data. *n=30 in diabetic 
group. 

Variable Diabetics Non Diabetics 

r p r p 

Cord bloods 
Leptin (artery) t 0.96 <0.001 0.96 <0.001 
Insulin t * 0.24 0.19 0.52 <0.01 
c-Peptide t 0.38 <0.01 0.49 0.001 
IGF-l 0.15 0.32 0.48 0.001 

Neonatal glucose (mmoVI) -0.33 0.01 -0.14 0.57 
(I hour post delivery) 

Birthweight (g) 0.37 <0.01 0.31 0.04 
Birthweight SDS 0.33 0.01 0.48 0.001 

eonatal BMI SDS 0.39 0.02 0.31 0.16 

Placental weight 0.26 0.06 0.05 0.74 

eonatal Measure 
Tricep kinfold (mm) 0.45 0.001 0.37 0.02 

ub capular kinfold (mm) 0.54 <0.001 0.48 <0.01 

HbAlc (booking) 0.17 0.22 -0.29 0.20 
HbAlc (trim ter 2) 0.42 0.001 -0.16 0.42 
HbAlc (trime ter 3) 0.48 <0.001 -0.12 0.46 

Fructo amine (booking) 0.24 0.10 -0.05 0.78 
Fructo amine (trim ter 2) 0.36 <0.01 -0.02 0.90 
Fructo amine (trime ter 3) 0.21 0.15 -0.02 0.92 
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Table 5.5 : Ratio of geometric mean cord leptin levels in diabetic and non 
diabetic pregnancies before * and after adjustment for confounders. 
* geometric means of cord leptin (ng/ml) : 18.6 (diabetics) vs 7.2 (non-diabetics) 

Adjusted for Ratio of geometric means (95 % Cl) P 

None * 2.62 (1.69, 4.06) < 0.001 

Maternal BMI 2.62 (1.67, 4.11) < 0.001 

Cig smoking 2.S2 (1.S8, 4.00) <0.001 

Pre-eclampsia 2.49 (1.S8, 3.92) <0.001 

Birthweight SDS 1.67 (LOS, 2.6S) 0.03 

All of above 1.66 (1.02, 2.71) 0.04 
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DISCUSSION 

Our results show that maternalleptin levels correlate with maternal 

anthropometry, and that cord leptin levels correlate with neonatal 

anthropometry. In addition, cord leptin is influenced by glycaemic control in 

the diabetic group and levels are higher across the birthweight spectrum. We 

believe that these data represent one of the most comprehensive assessments 

to date of leptin in pregnancy. A particular strength of our study is the 

prospective nature of maternalleptin measures at various time points during 

pregnancy and the detailed measures of glycaemic control, cord leptin at 

delivery, and neonatal anthropometry in both type 1 diabetic and non diabetic 

pregnancy. 

Cord leptin value were significantly higher in the offspring of diabetic 

compared with non diabetic ubject. Similar results have been shown in other 

tudie (257-259). Cord leptin in both groups showed a significant positive 

correlation with birth weight corrected for gestational age (Figure 5.2). The 

ignificant difference in cord leptin level between the two groups persisted 

when controlled for the higher birthweight SDS in the diabetic offspring and 

other p tential confounder (Table 5.5). 

There wa a ignificant correlation between maternalleptin in trimester 

2 and 3 and cord leptin level in non diabetic pregnancy. A relationship 
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between maternal and cord leptin has been shown in some studies (260) but 

not in others (254,261), although in the study by Geary (254) the correlation 

between booking leptin and cord leptin was close to attaining significance (p = 

0.06). In our well nourished control group, it is likely that one of the major 

influences on fetal size and anthropometry is genetic. The fact that the same 

relationship was not seen in the diabetic offspring would suggest that there is 

an upset in their fetal growth axis which modifies the underlying genetic 

predisposition. Over 50% of our diabetic offspring had a birthweight greater 

than the 90th percentile for gestational age. That cord leptin was higher in 

diabetic offspring even taking into account the difference in birthweight 

corrected for gestational age (Table 5.5) would further support an upset in the 

regulation of fetal growth. 

Cord leptin wa related to other markers of fetal growth in both groups 

(Table 5.4). The clo ea ociation of cord leptin with cord c-peptide and cord 

in ulin level demon trate the central role for leptin as a marker of fetal 

growth. Cord IGF-1 level have been linked with lean mass in non diabetic 

pregnancy (262). Catalano reported that lean mass makes up 86% of total fetal 

ma in non diabetic pregnancy (263). The fact that cord IGF-1levels 

correlated trongly with cord leptin in non diabetic but not diabetic offspring 

would ugge t that the latter group have a higher percentage fat mass in their 

overall total weight. 
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The fact that cord leptin continued to correlate significantly with birthweight 

SDS, neonatal anthropometry, and measures of glycaemic control when 

accounting for cord c-peptide levels in diabetic pregnancy, suggests that 

although strongly correlated with c-peptide leptin also has a significant 

independent role to play in the generation of fetal fat stores. 

The source of leptin measured in the umbilical cord has been debated 

(264). Leptin production has been demonstrated in the fetus at as early as 18 

weeks gestation (197). A recent publication suggested that the placenta was 

the primary ource for fetalleptin production, citing a strong correlation 

between venou cord leptin level and placental weight (265). On the contrary, 

our re ult would argue that fetal production forms the major component of 

leptin mea ured in cord blood as suggested by (i) the fact that cord leptin rises 

ignificantly with ge tation and corrected birthweight, (ii) the correlation of 

c rd leptin with birthweight and neonatal anthropometry, (iii) the relationship 

f cord leptin with other marker of fetal growth, (iv) the lack of correlation 

between cord leptin and placental weight, and (v) the lack of difference 

between leptin level mea ured in the umbilical vein and artery for either 

group. It would have been of intere t to tudy leptin levels in the neonatal 

period to ee whether thi difference in leptin production between the groups 

remained tatic or indeed fell, a i mo t likely (if the fetal overgrowth is 

generated by poor maternal glycaemic control). It is thought that cord leptin 

level reflect fat ma in the fetu , which i laid down mainly in the third 
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trimester (197). Some studies have shown that leptin levels decline 

significantly from the cord leptin value in neonatal and early infant life (264), 

suggesting that placental derived leptin is a major component of umbilical 

cord blood. However, it is well known that most neonates lose weight in the 

first few days of life and the brown fat stores accumulated in fetal life (laid 

down in the third trimester) are used up as infancy progresses. It is therefore 

quite conceivable that the reduction in leptin is merely a reflection of the 

changing body fat composition and anabolic/catabolic balance between the 

fetu , the neonate and the infant. This is supported by studies in the early 

neonatal period (266). 

Maternal erum leptin values throughout pregnancy correlated strongly 

with the maternal BMI for both diabetic and non diabetic pregnancy, and did 

not differ between the two group at any gestation, findings which have 

generally r ported by other (254-256,260,261,267,268). In the non diabetic 

group the maximum leptin concentrations were recorded at 28 weeks and 

remained around thi level until delivery. In the diabetic group the leptin level 

continued t ri e in later pregnancy maximal at 38 weeks, however, there were 

reduced number of diabetic delivering at this stage (n= 30). 

tudie comparing pregnant and non pregnant groups show a 

ignificant leptin increa e in pregnancy (269). In both groups there was a 

dramatic reduction in erum leptin level following delivery, which would 
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suggest that the placenta is probably the major source of leptin measured in 

the maternal serum. Placental production of leptin was recognised in 1997 and 

other studies have confirmed production from amnion cells and 

syncytiotrophoblastic tissue (253, 269). It was suggested that leptin production 

is increased in pre-eclampsia as a response to placental hypoxia (270), but this 

was not our experience. 

Maternal characteri tics were similar between the two groups, however, 

there wa a higher frequency of smoking in the non diabetic group (Table1) . 

Cigarette moking ha been hown to influence cord leptin levels in non

diabetic pregnancy (271), but we did not find this. 

There have been conflicting report about the relationship between fetal 

sex and cord leptin level with a higher cord leptin level in female infants 

compared with male being reported in ome studies but not in others (258, 

260). We did not find a ignificant correlation with fetal sex in either of the 

tw group . . One would not expect the female fetu or neonate to have more 

dy fat than the male. 

There wa atrong relation hip between cord leptin results and markers 

f glycaemic control in the 'econd and third trimesters for diabetic pregnancy 

(Ta le 5.4). Thi relation hip fit with the concept of fetal hyperinsulinaemia 

(19, 26), and uch fuel-related programming may be of relevance to disease in 



165 

later life (272). The correlation of cord insulin with leptin in the diabetic 

offspring failed to reach significance but may simply reflect a reduced sample 

size due to haemolysis. The correlation with cord c-peptide was highly 

significant. A further reflection of fetal hyperinsulinaemia is the neonatal 

glucose measurement at one hour of age. This was significantly correlated to 

cord leptin in the diabetic group. The control group showed no correlation 

between cord leptin and glycaemic control. 
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OVERALL SUMMARY AND CONCLUSIONS 

Our results indicate that glucose tolerant children of type 1 diabetic pregnancy 

have cardiovascular and metabolic abnormalities compared with a similar 

group of children of non diabetic parents. These findings suggest that fetal 

overnutrition may be associated with the development of cardiovascular 

disease in later life. Such data supports the need for long term follow up of 

such off pring who should be targeted for health promotion and prevention 

strategie . 

The close relation hip that leptin has with a number of markers of 

cardiova cular ri k for both groups and the significant further relationships in 

the off. pring of diabetic all ugge t that leptin has a central role in 

cardiova cular ri k prediction. Whether this is by direct effect or as a persons 

ummated cardiova cular ri k remain to be determined. Much further work 

need to be performed in thi area, and we await with interest follow up 

\tudie~ of neonatal and childhood leptin into adult life. It is an intriguing 

pro~pect that perhap a blood te t at birth or in early childhood may one day 

be used to identify individual at increa ed cardiovascular risk and provide 

pportunitie. for early application of preventative medical technique. 

Type 1 diabetic ~ubject randomi ed to po tprandial capillary glucose 

monitoring had a ignificantly reduced incidence of pre-eclampsia and 



neonatal macrosomia with a trend towards reduced birthweight, neonatal 

respiratory complications and neonatal hypoglycaemia at one hour of age. 

Postprandial hyperglycaemia is relevant to maternal and fetal outcome and 

should be incorporated into the management of type 1 diabetic pregnancy. 

Further studies should continue to address the underlying pathogenic 

mechanisms and explore possible strategies for intervention. 
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Fetal control of leptin production follows genetically predetermined 

lines, and that cord leptin is a reflection of fetal fat and or energy stores under 

the modulation of fetal insulin, which is in turn influenced by other fetal 

growth factor and maternal substrates. Abnormalities in maternal glycaemic 

control affect thi axi . An elevated cord leptin level is probably a further 

measure of upset in the fetal growth axis, and may have implications for 

di . ea e in adult life. 

The re earch that I have undertaken indicates that the intrauterine environment 

in type 1 diabetic pregnancy continue to be a major influence on both short 

and long term outcomes. I hope that thi research in it publi hed form will 

continue to timulate further re earch in these area. The challenge of breaking 

the icious cycle of diabetic influence and improving glycaemic control, 

through different management techniques, remain the main targets. 
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