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Abstract  21 

Adhering to a Mediterranean Diet (MD) is associated with reduced cardiovascular disease 22 
(CVD) risk. This study aimed to explore methods of increasing MD adoption in a non-23 
Mediterranean population at high risk of CVD, including assessing the feasibility of a 24 
developed peer support intervention. The Trial to Encourage Adoption and Maintenance of a 25 
MEditerranean Diet (TEAM-MED) was a 12-month pilot parallel group RCT involving 26 
individuals aged ≥40 y, with low MD adherence, who were overweight, and had an estimated 27 
CVD risk ≥20% over ten years. It explored three interventions, a peer support group, a 28 
dietician-led support group and a minimal support group to encourage dietary behaviour 29 
change and monitored variability in Mediterranean Diet Score (MDS) over time and between 30 
the intervention groups, alongside measurement of markers of nutritional status and 31 
cardiovascular risk. 118 individuals were assessed for eligibility, and 75 (64%) were eligible. 32 
After 12 months there was a retention rate of 69% (PSG 59%; DSG 88%; MSG 63%). For all 33 
participants, increases in MDS were observed over 12 months (p<0.001), both in original MDS 34 
data and when imputed data were used. Improvements in BMI, HbA1c levels, systolic and 35 
diastolic blood pressure in the population as a whole. This pilot study has demonstrated that 36 
a non-Mediterranean adult population at high CVD risk can make dietary behaviour change 37 
over a 12-month period towards a MD.  The study also highlights the feasibility of a peer 38 
support intervention to encourage MD behaviour change amongst this population group and 39 
will inform a definitive trial.  40 
 41 
 42 
 43 
Introduction 44 
 45 
The Mediterranean diet (MD) is a diet consumed by those living in Mediterranean regions, 46 
characterized by a high consumption of fruits, vegetables, wholegrains, legumes, nuts and 47 
seeds, moderate amounts of dairy products, moderate amounts of red wine, low to moderate 48 
amounts of fish and poultry, and low amounts of red meat with olive-oil as the principal source 49 
of fat (1). Increased adherence to MD has been associated with longevity (2), a lower 50 
prevalence of several chronic diseases, including cardiovascular disease (CVD) and cancer, 51 
and better management of type 2 diabetes mellitus (T2DM) (3–5). Evidence from systematic 52 
reviews, meta analyses and randomized controlled trials (RCTs) suggests a protective effect 53 
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of MD adherence on incidence of CVD or CVD-related mortality and T2DM (6–9). However, a 54 
recent Cochrane review found that, although there have been a large number of studies 55 
investigating MD, the effects of MD adherence on CVD risk factors and occurrence in those 56 
with and without existing CVD is still unclear (10) but should be elucidated by the results of 57 
currently ongoing studies. 58 

Transferability and adoption of a MD beyond the Mediterranean region also remains a 59 
challenge. Specifically, accessibility of MD foods, such as extra-virgin olive-oil, and barriers to 60 
adoption due to culture, religion, traditional cooking practices and economic burden, need to 61 
be addressed in interventions aiming to increase MD adherence in non-Mediterranean 62 
populations (11,12).  63 

From the previously conducted clinical trials, successful dietary change toward a MD is usually 64 
possible with resource intensive interventions, mainly delivered by health professionals and 65 
usually in parallel with food provision (8,13,14). However, to scale-up these interventions in 66 
larger samples or to introduce them at a population level, there is a need to develop and test 67 
less intensive interventions not requiring expert delivery. Previous research, primarily 68 
conducted within the diabetes field, has found that involving lay peers in the delivery of dietary 69 
behaviour change programmes could be an alternative and potentially low-cost way of 70 
promoting dietary change which is culturally acceptable (15–17). 71 

The Trial to Encourage Adoption and Maintenance of a MEditerranean Diet study (TEAM-72 
MED) was a pilot trial implemented in Northern Ireland (NI), aiming to explore methods of 73 
increasing MD adoption in a non-Mediterranean population at high risk of CVD. This 12-month 74 
pilot study aimed to explore the feasibility of a peer support intervention versus a previously 75 
tested dietitian-led intervention (8) to encourage MD behaviour change, and to test recruitment 76 
strategies, retention and attrition, to inform the design of a definitive trial in which the clinical 77 
and cost-effectiveness of the peer support intervention will be tested.  The development of the 78 
peer support intervention, which included consideration of previously identified barriers to 79 
adoption (18), has already been published (19). 80 

The objectives of the TEAM-MED pilot trial that are addressed in the current paper, and as 81 
detailed in the published protocol (20), were to:  82 

1. Test recruitment strategies and estimate retention/attrition rates 83 
2. Estimate and compare the variability of Mediterranean Diet Score (MDS) over the 12 84 

month study between the peer support intervention and other intervention groups 85 
3. Estimate and compare the variability of biochemical markers of nutritional status and 86 

health markers over the course of the intervention, as for MDS, between the peer 87 
support intervention and other intervention groups 88 

4. Estimate the sample size for a large-scale trial 89 
 90 

Furthermore, in the current paper, the association between change in MD adherence and 91 
change in biochemical markers of nutritional status and health in the population as a whole 92 
will be presented in order to explore whether increased adherence to a MD is associated with 93 
CVD and T2DM risk factors in this population. 94 

Methods 95 

 96 
The study protocol and detailed methodology has been published previously (20). TEAM-MED 97 
was a 12-month pilot parallel group RCT designed to evaluate the feasibility of a community-98 
based peer support intervention to encourage adoption and maintenance of a MD, compared 99 
to a dietitian-led intervention (8,21) and a minimal support intervention (which served as a 100 
control group), in adults at high risk of developing CVD. Ethical approval was received from 101 
the Office for Research Ethics Committees Northern Ireland (HSC RECA; ref 13/NI/0152). The 102 
study protocol was registered on ControlledTrials.com (ID no. ISRCTN68779848).  103 



 104 
Recruitment and screening procedure 105 
 106 
A variety of strategies was used to recruit participants. An interview with a member of the 107 
research team was conducted on several radio stations and the majority of participants were 108 
recruited following this publicity. Furthermore, presentations were given to the public about 109 
MD and heart health; a poster advertising the study details was placed in various locations 110 
including hospitals, dental surgeries, pharmacies, healthy living centres and shopping centres 111 
in the greater Belfast area; and an intranet advertisement was devised and circulated to 112 
employees of Queen’s University Belfast (QUB) and local Health and Social Care Trusts, as 113 
well as being placed on websites such as Volunteer Now and Gumtree. Study details were 114 
also advertised in several church bulletins across NI and on a local shopping centre website. 115 
In addition, clinicians working at a weekly hyperlipidaemia outpatient clinic at the Royal Victoria 116 
Hospital, Belfast (RVH), referred potentially eligible individuals to the researchers. A letter of 117 
invitation to take part in the study was also sent to interested individuals who participated in 118 
study developmental work, which has been published separately (20). A number of GP 119 
surgeries agreed to participate via the Northern Ireland Clinical Research Network, through 120 
screening patient data and sending a letter of invitation to individuals meeting the inclusion 121 
criteria.  122 

Contact details of the research team were provided with all advertisement material, and 123 
individuals who were interested in participating in the study contacted the researchers, who 124 
explained the details of the study and answered any questions. Individuals were then initially 125 
screened by telephone to determine if they were likely to be suitable for inclusion in the study. 126 
Individuals who were deemed likely to be suitable were provided with a participant information 127 
sheet detailing the purpose and design of the study, details of participant involvement and any 128 
potential risks of participation. A period of at least 72 hours was then given before the individual 129 
was re-contacted by one of the researchers to answer any further questions and determine if 130 
they wished to participate in the study. Interested individuals were then invited to attend a 131 
screening visit to formally assess their suitability. 132 

Screening visits took place in the Centre for Public Health (CPH). Initially, the researcher 133 
explained the study procedure in detail and provided an opportunity for the individual to ask 134 
questions. Informed written consent for study procedures and collection, handling and storage 135 
of biological samples was obtained from all study participants. A questionnaire to record 136 
demographics, health and medical history and stage of dietary change towards a MD (22), 137 
were used together with CVD risk prediction charts (23) and an assessment of participant’s 138 
baseline MD adherence using a modified version of an existing 14-item questionnaire from 139 
the PREDIMED study (8) to assess study eligibility. 140 
 141 
Inclusion criteria 142 
 143 
Participants were included if they were aged 40 y or over, had a low adherence to MD (MDS 144 
of ≤ 3) (13), had Body Mass Index (BMI) >27 and <45 kg/m2, and had a combination of risk 145 
factors, according to the Joint British Societies (JBS) CVD risk prediction charts, which would 146 
place them at an estimated multifactorial CVD risk ≥20% over ten years (according to JBS 147 
score) (23). Where there was no access to the clinical history at screening necessary to 148 
calculate JBS score, the study team determined >20% risk using (i) calculated JBS score 149 
>20% where all information was available or (ii) JBS score >10% plus 2 or more additional 150 
CVD risk factors (clinical obesity, abdominal obesity and family history of CVD).  151 
 152 
Exclusion criteria  153 
 154 
Exclusion criteria were: any established CVD or diabetes mellitus; surgery within the previous 155 
3 months; pregnant or lactating; excessive alcohol consumption; psychiatric problems; 156 
medical conditions, allergies or dietary restrictions that would substantially limit ability to 157 



complete the study requirements; consumption of high-dose nutritional supplements; low 158 
predicted likelihood to change dietary habits (assessed using the stage of change 159 
questionnaire (22), defined as being pre-contemplation), or inability to provide informed 160 
consent.  161 
 162 
Randomisation and blinding  163 
 164 
Participants who were deemed eligible and gave consent to take part in the study were 165 
randomized to one of three intervention arms at a ratio of 1:1:1, using a randomization scheme 166 
generated from www.randomization.com with a block size of nine. The three intervention 167 
groups were: i) a peer support intervention, ii) a dietitian-led support intervention, or, iii) a 168 
minimal support intervention. It was envisaged that recruitment for this trial would be phased 169 
and the delivery of the peer and dietitian-led support interventions would proceed using a wait-170 
list approach, when a minimum of six eligible participants were randomised to each of these 171 
intervention group arms. Participants were then invited for the baseline assessments. After 172 
baseline data were collected, participants were then informed of their allocated intervention 173 
group (concealed within an opaque envelope). Due to the nature of the study, it was not 174 
possible to blind study participants or members of the research team, however laboratory and 175 
data analysis and assessment of primary outcome were carried out by an investigator blinded 176 
to treatment allocation.  177 
 178 
TEAM-MED interventions 179 
 180 
The three TEAM-MED interventions varied in the intensity and nature of support provided to 181 
encourage adoption of dietary behaviours consistent with a MD. The dietary behaviours 182 
included: increased consumption of wholegrain cereal foods, fruit, vegetables, fish (particularly 183 
oily fish), legumes, unprocessed nuts, olive-oil and/or rapeseed oil and olive-oil based 184 
spreads; decreased consumption of red and processed meat; and moderate alcohol 185 
consumption (if already being consumed). Rapeseed oil was permitted alongside olive-oil, 186 
considering the similar fatty acid composition, but reduced cost in NI. Moderate alcohol 187 
consumption was permitted if participants already consumed alcohol. 188 

All study participants were provided with written MD educational materials. These included an 189 
information booklet on following a MD (outlining what the MD is, health benefits, and general 190 
advice and tips for following), suggested meal plans, shopping lists and seasonal recipe books 191 
developed specifically for the study to support MD behaviour change. Details of the further 192 
support received in each of the three intervention groups are detailed below, and in the 193 
intervention development paper (19) and protocol (20).  194 
 195 
The peer support group (PSG) 196 
 197 
A full description of the theory-based, tailored peer support intervention has been published 198 
elsewhere (19). In the peer support group (PSG), participants were scheduled to attend a 199 
group programme consisting of 11 group sessions over the 12 month period, delivered by two 200 
trained peer supporters, whose training has been described elsewhere (20). Groups involved 201 
up to 10 study participants who met in a convenient location within the community setting. 202 
Each group session lasted up to two hours and included a brief (10-15 minutes) MD and/or 203 
behavioural education component delivered by peer supporters and designed to provide a 204 
focus for group discussion. The group topics included: ‘health benefits of a MD’, ‘changing fat 205 
intake’, ‘eating more wholegrain’ and ‘eating a seasonal MD’. Practical food demonstrations 206 
(via food tasting sessions) were also included in four of the group sessions. Personal weigh-207 
in and blood pressure measurements were available in each peer-support session, with 208 
feedback offered by a peer supporter.  209 

In addition to the MD educational materials previously described, a personal workbook was 210 
given to participants at the beginning of the group programme to facilitate dietary goal-setting 211 



and self-monitoring of personal dietary goals (24). Participants were also encouraged to 212 
maintain contact with other group members and the peer supporters in between sessions to 213 
promote social support and group cohesion.  214 
 215 
The dietitian-led support group (DSG) 216 
 217 
The intervention in the dietitian-led support group (DSG) was based on that reported in the 218 
PREDIMED study, which has been shown to be effective in achieving increased adherence to 219 
MD (8).  Participants attended, at baseline, an individual face-to-face 90 minute motivational 220 
interview with a study dietitian, where personal MD dietary goals were agreed and participants 221 
having received the educational materials previously described. 222 

In addition, participants were provided with key MD foods over the 12 month intervention for 223 
daily consumption based on their personal preference for either:  224 

• 50mls extra virgin olive-oil (EVOO) or,  225 
• 30g nuts (15g walnuts, 7.5g almonds and 7.5g hazelnuts) or,  226 
• a combination of both (25mls EVOO plus 15g nuts (8g walnuts, 3.5g almonds and 3.5g 227 

hazelnuts).  228 

Participants were scheduled to attend a two-hour quarterly structured group education session 229 
(at 3, 6, 9 and 12 months) led by the dietitian, with up to four other study participants. The four 230 
group session topics were: ‘changing to a MD’, ‘enjoying fruit and vegetables’, ‘eating more 231 
wholegrain’ and ‘continuing to eat a MD’. After each group session the dietitian provided a 15 232 
minute individual progress review and feedback. Throughout the intervention period, and 233 
between group sessions, participants had unlimited telephone/email contact with the dietitian 234 
for on-going support to optimize compliance with the intensive support MD intervention. 235 
 236 
The minimal support group (MSG) 237 
 238 
Participants allocated to the minimal support group (MSG) received, at baseline, the same 239 
TEAM-MED study written MD educational materials as the other two groups. Participants were 240 
offered an individual appointment with a researcher for personal MD advice at the end of the 241 
intervention period. This group served as a control group.  242 
 243 
Outcomes assessed 244 
 245 
The TEAM-MED study’s primary outcome was dietary behaviour change, with the target 246 
behaviour change being defined as ≥3-point increase in MDS from baseline to 6 months. Other 247 
measured outcomes included nutritional biomarkers as indicators of MD adherence, health 248 
markers, including CVD risk factors (e.g. body weight, blood pressure) and markers of 249 
diabetes risk (blood glucose and glycated haemoglobin (HbA1c) levels). Study recruitment 250 
strategies, attrition and retention rates were collected, as well as data collected to inform the 251 
estimation of the sample size required for a large-scale trial (MDS standard deviation and 252 
retention rates).  A process evaluation, including exploration of possible mediators of MD 253 
behaviour change in response to the intervention and contextual factors that could influence 254 
implementation of the intervention or moderate the study outcomes, will be published 255 
separately. 256 
 257 
Study assessments 258 
 259 
Study assessments were conducted face-to-face by a trained study researcher, at baseline, 260 
3, 6 and 12 months. Each assessment visit followed strict standardised operating procedures, 261 
lasted approximately 3.5 hours, and took place in dedicated research facilities in Belfast. Each 262 
participant attended the same facility for all four appointments. The assessments detailed 263 



below were carried out at each of the four study visits, in the same manner for all participants 264 
(regardless of intervention arm). 265 
 266 
MD behaviour change 267 
 268 
A 14-item MDS questionnaire was used to determine MD adherence and ease of adoption of 269 
dietary behaviours consistent with MD. This was based on a similar questionnaire used in the 270 
PREDIMED study (8,21) and adapted to accommodate Northern European population food 271 
choices. The TEAM-MED pilot study utilised data from Logan et al. (13) to validate a locally 272 
adapted MDS with MDSs from previous studies (2,25–27). The validation analysis 273 
demonstrated moderate agreement between the MDS used in PREDIMED and the TEAM-274 
MED MDS. It also showed a significant association between the TEAM-MED MDS and other 275 
MDSs and nutritional biomarkers indicating that it provides a potentially valid tool for collecting 276 
data on MD adherence in a Northern European population (28).  277 
 278 
Anthropometric assessments 279 
 280 
Standing height was measured to the nearest 0.1 cm using a wall-mounted stadiometer and 281 
body weight with a calibrated digital weighing scale (Tanita HS-301, Tanita, Yiewsley, UK) to 282 
the nearest 0.1 kg, and these were used to calculate BMI (kg/m2) 283 
 284 
Clinical and biochemical measures 285 
 286 
Blood pressure (mmHg) was measured in the dominant arm, after a 5-minute rest in a seated 287 
position, using a calibrated automated sphygmomanometer (Omron M5-1, UK). Three 288 
separate blood pressure measurements were recorded over a 5-minute period and mean 289 
systolic and diastolic blood pressure were calculated from the second and third readings. 290 

Blood samples were collected after an overnight fast and separated and stored in aliquots at 291 
-80oC until analysis. Fasting plasma glucose and 2-h plasma glucose (after a 75 g oral glucose 292 
load) were measured using an automated glucose oxidase method on a Beckman Glucose 293 
Analyzer 2, while HbA1c and a fasting lipid profile were measured using commercially 294 
available kits on an ILab-600 biochemical analyser (Instrumentation Laboratory, Warrington, 295 
UK). In addition, a panel of nutrient biomarkers was measured in plasma/serum samples to 296 
reflect the MDS food group targets (13) and overall compliance with the MD. Serum 297 
concentrations of carotenoids were measured by reverse phase high performance liquid 298 
chromatography (HPLC) as described by Craft (29). Plasma vitamin C was measured on a 299 
FLUOstar Optima plate reader (BMG Labtech, Ortenberg, Germany) adapted from the method 300 
by Vuilleumier & Keck (30). Finally plasma fatty acids including eicosapentaenoic acid (EPA) 301 
were assessed by gas chromatography (31,32). The intra-assay CV for each of the nutrient 302 
biomarkers was <10%. 303 
 304 
Sample size and statistical analyses of pilot study 305 
 306 
In pilot studies, a formal sample size calculation is not required, however, there is some debate 307 
regarding the sample required for pilot studies (33), and we were able to estimate likely power 308 
based on data on the variability of MDS results (SD 1.3 from baseline to 6 months) in a 309 
behavioural counselling group of a previous trial in patients with existing CVD (13). From this, 310 
a study of 25 subjects per group would have 90% power to detect a difference between 311 
treatment groups in mean MDS change from baseline to 6 months (adoption phase) of 1.4 312 
units and a difference in mean score change from 6 months to 12 months (maintenance 313 
phase) of 1.0 units. A 30% drop-out rate during the study period was also assumed. Given 314 
that TEAM-MED was evaluating a different intervention to encourage MD adherence in a 315 
different population, the data generated in this pilot study should provide a more reliable 316 
sample size calculation for a definitive study. 317 



Analyses relating to MDS have been conducted using original MDS data (a complete case 318 
analysis), comprising all patients who were randomised to one of the intervention arms and 319 
who had all post-randomisation endpoint data recorded. Analyses relating to MDS were also 320 
conducted using augmented MDS data. This was carried out to account for withdrawals; 321 
missing values were imputed for withdrawals using measurements at a prior time point.  322 
Regression analysis using the immediately preceding MDS score and treatment group, as well 323 
as the interaction between these two variables, were performed and predictions from the 324 
regression provided the imputed values. 325 

Hypothesis testing is not usually conducted in pilot studies so what was conducted was 326 
exploratory to see if the intervention shows promise in terms of changing MDS and whether 327 
this differed over time by intervention group, although with the understanding that the power 328 
to conduct these analyses was uncertain, and that the main objectives were to estimate 329 
variability and formally conduct sample size (34). Repeated measures analysis of variance 330 
(ANOVA) was conducted on both the original and augmented MDS data to examine the 331 
indicative effect of the TEAM-MED intervention on change in MDS. This was conducted to 332 
assess the effect of the intervention over time, and to investigate the interaction between 333 
treatment group and time to ascertain any indicative differences in MD adherence between 334 
study groups. As MDS was the study’s primary outcome, an analysis of covariance (ANCOVA) 335 
was conducted to further investigate the differences in MDS between the PSG and either DSG 336 
or MSG at each time-point, and with either screening or baseline MDS used as a covariate. 337 

Repeated measures ANOVAs were also conducted to examine changes in nutritional 338 
biomarkers as indicators of MD adherence, and biomarkers of CVD and T2DM risk to 339 
investigate any effects of the TEAM-MED intervention on these factors. Some of the biomarker 340 
measurements required log transformation, and these results are presented as geometric 341 
means and 95% confidence intervals (CI). All repeated measures ANOVA tests are presented 342 
with a Greenhouse-Geisser correction for lack of sphericity (35). 343 

Pearson correlation coefficients were calculated to investigate if there were any associations 344 
between change in augmented MDS between baseline and 6 months and baseline and 12 345 
months, and change in nutritional biomarkers, CVD and T2DM risk factors, between baseline 346 
and 6 months and baseline and 12 months, i.e. to determine if increased adherence was 347 
associated with increased biomarker and CVD and T2DM risk factor response. 348 

Statistical analyses were conducted using SPSS version 22 with statistical significance set at 349 
p≤0.05. 350 
 351 
Results  352 
 353 
Recruitment and retention  354 
 355 
Recruitment for the TEAM-MED study began in October 2014 and was completed in April 356 
2015, and, as the study had a 12 month duration, the last study appointment took place in 357 
April 2016. The Consort diagram in Figure 1 demonstrates the flow of participants through the 358 
TEAM-MED trial. 118 individuals were assessed for eligibility at a screening appointment, with 359 
43 (36%) excluded from taking part due to pre-defined criteria, leaving 75 (64%) potential 360 
participants eligible for randomisation to one of three intervention arms. From the eligible 361 
screened volunteers, there were 7 (9%) withdrawals prior to baseline data collection. 362 

After 3 months there were retention rates of 67%, 88% and 81% in the MSG, DSG and PSG 363 
respectively. This led to an overall retention rate of 79% at 3 months. After 6 months, there 364 
were retention rates of 63%, 88% and 70% in the MSG, DSG and PSG respectively. This led 365 
to an overall retention rate of 73% at 6 months. At the end of the 12 month period, there were 366 
retention rates of 63%, 88% and 59% in the MSG, DSG and PSG respectively who completed 367 
the trial, representing an overall retention rate of 69% at 12 months. At the end of the 12 month 368 
period there had been 23 withdrawals from the study, and reasons for this can be seen in 369 



Figure 1. Overall, the rate of withdrawals, at 31%, was slightly higher than the rate of 30% 370 
assumed during study planning.   371 
 372 
Descriptive characteristics of study participants  373 
 374 
Baseline characteristics of the study participants as a whole and according to intervention 375 
group are presented in Table 1. Of the 75 individuals who were recruited into the study, 56% 376 
(n=42) were male, with a mean age of 57.1 years. 78.7% of these 75 individuals were classed 377 
as obese, with a mean BMI of 33.5 kg/m² for the whole group. The average time spent in full 378 
time education was 13.5 years. Participants in the PSG had a higher mean BMI compared to 379 
the other two groups (Table 1). All other baseline characteristics were similar between the 380 
three intervention groups.  381 
 382 
Effect of interventions to encourage MD adoption on the Mediterranean Diet Score 383 
 384 
At screening (Table 1), there were no significant differences between intervention groups in 385 
MDS.  Analyses of the MDS data from all time points after screening were performed using 386 
both original data and augmented data (with imputation for missing values). 387 

Table 2 shows results from a repeated measures ANOVA to investigate whether there were 388 
differences in MDS over time, and between the intervention groups over time. For both the 389 
original and augmented analyses there was a significant effect of time on MDS when 390 
considering all of the intervention groups (p<0.001), with MDS increasing in all groups over 391 
the 12 months. The target behaviour change for the intervention was defined as a ≥3 point 392 
increase in MDS from baseline to 6 months, with this being maintained at 12 months.  From 393 
baseline to 6 months, MDS (using the original values) increased from 2.67 to 6.92 in the MSG, 394 
from 3.32 to 8.95 in the DSG and from 4.12 to 8.84 in the PSG, and these increases were 395 
largely maintained at 12 months indicating that, in general, the target behaviour change was 396 
attained in all intervention groups. The interaction test showed no significant difference 397 
between the groups over time in the original analysis, however a significant difference over 398 
time between groups (p=0.003) was apparent in analysis with the augmented MDS and a 399 
reduction in MDS by 12 months was suggestive of poorer maintenance in the PSG group. 400 

ANCOVA was used to further investigate whether there were any differences in MDS between 401 
the intervention groups at specific time points using both original (Table 3) and augmented 402 
(Table 4) values. At baseline, in the analysis using original and augmented values, there were 403 
significant differences in MDS, with those in the PSG having significantly higher MDS than the 404 
MSG (p=0.01 and p=0.002 respectively) and DSG (p=0.02; p=0.01; original and augmented 405 
data respectively), which was likely due to delays caused by the wait-list approach used during 406 
the formation of the peer support groups (where groups were not formed until at least six 407 
participants in the same geographical area had been randomised to the peer support group to 408 
allow their travel to these groups to be achievable).  Therefore, based on this observation, two 409 
ANCOVAs were performed, one adjusted for screening MDS values and one adjusted for 410 
baseline MDS values for completeness. 411 

In the analysis using original MDS values (Table 3), there were significant differences in MDS 412 
between the PSG and MSG at 6 months, with the PSG having a significantly higher MDS at 413 
this time point (p=0.02), adjusting for screening, although this did not reach significance when 414 
adjusting for baseline MDS (p=0.08). However, by 12 months, there were no statistically 415 
significant differences in MDS between PSG and MSG. There were no significant differences 416 
between PSG and DSG at any timepoint. 417 

In the augmented analysis (Table 4), significant differences were observed between the PSG 418 
and MSG at 3 and 6 months, with the PSG having significantly higher scores (p=0.03 and 419 
p=0.01 respectively), when adjusting for screening MDS, but not when adjusting for baseline. 420 
There were no significant differences in MDS between PSG and MSG at 12 months.  The PSG 421 



had a significantly lower MDS compared to the DSG at 12 months (p=0.002 when adjusting 422 
for baseline MDS; p=0.06 when adjusting for screening MDS).  423 

In summary, both the original and augmented analyses suggest that all intervention groups 424 
increased adherence towards a MD over the 12 month intervention.  Although analyses are 425 
only indicative, the PSG and DSG produced larger changes in MDS than in the MSG at six 426 
months, with some suggestion that the DSG supported maintenance of behavior change more 427 
than the PSG at 12 months.   428 
 429 
Increased MD adherence and nutritional biomarkers 430 
 431 
Table 5 shows the results from repeated measures ANOVAs investigating differences in 432 
selected MD-associated nutritional biomarkers, both over the course of the intervention and 433 
between the intervention groups over the study period. Across the whole study population, 434 
there was a statistically significant difference over time in plasma vitamin C concentrations 435 
(p=0.01), and this approached significance for β-cryptoxanthin and EPA. However, there was 436 
no statistically significant difference between the intervention groups over time. There were 437 
no other statistically significant differences over time or between the intervention groups over 438 
time for the other biomarkers investigated.  439 
 440 
Increased MD adherence and CVD and T2DM risk factors 441 
 442 
Table 6 shows the results from repeated measures ANOVAs investigating differences in CVD 443 
and T2DM risk factors, both over the course of the intervention and between the intervention 444 
groups over the study period. Across the study population as a whole, BMI, HbA1c levels, 445 
systolic and diastolic blood pressure were found to be significantly different over time (p=0.01, 446 
p<0.001, p=0.02 and p=0.01 respectively). However, there was no statistically significant 447 
difference in change in these risk factors between the intervention groups over the study 448 
period. No other differences were observed over time or between the intervention groups over 449 
time for the other measures investigated (fasting glucose and post OGTT, lipids).  450 
 451 
Associations between change in MDS and change in nutritional biomarkers and CVD and 452 
T2DM risk factors  453 
 454 
Negative associations were observed between change in MDS and change in BMI between 455 
baseline and 12 months (r=-0.33; p=0.017). A negative association was also observed 456 
between change in MDS between baseline and 12 months and change in levels of HbA1c (r=-457 
0.39; p=0.014), and this approached statistical significance for SBP (r=-0.25, p=0.07). Positive 458 
associations were observed between change in MDS between baseline and 12 months and 459 
change in levels of Vitamin C (r=0.30; p=0.049) and this approached significance for serum 460 
lutein (r=0.26; p=0.07). Similar patterns were observed for the change in outcomes versus 461 
change in MDS at 6 month data (data not shown). The focus was on 12 month data as that 462 
allowed for maximum time for dietary change to impact on the outcomes assessed. 463 
 464 
Sample size for a future trial  465 
 466 
Pilot study results were used to estimate the size for a future two-group equivalence trial of 467 
PSG and DSG in a parallel group design. MDS at 12 months was taken as the primary 468 
outcome with baseline MDS used as a covariate. PASS2008 (36) gave a sample size of n=111 469 
per group to achieve 90% power at a 5% significance level, with equivalence limits set at -470 
1.00 and 1.00, when the true difference between the means was assumed to be 0.00 and the 471 
standard deviation was 2.25, as observed in the analysis of covariance of the current pilot trial.  472 
This was then increased to account for an anticipated dropout rate of 28%, as recorded in 473 
these two groups in the pilot study, resulting in a final trial size estimate of 154 per group or 474 
308 in total.  475 



 476 
Discussion 477 
 478 
The TEAM-MED pilot trial aimed to explore to explore methods of increasing MD adoption in 479 
a non-Mediterranean population at high risk of CVD.  480 
 481 
Feasibility considerations  482 
 483 
One of the main aims of the study was to explore feasibility, specifically testing recruitment 484 
strategies and retention and attrition rates.  During the course of the trial, two main changes 485 
were made to the protocol designed to influence and improve recruitment. Recruitment 486 
methods were extended from advertisements on radio stations, in church bulletins, on health 487 
service intranets and other platforms to also directly contacting potentially eligible participants 488 
via letter via GP surgeries. Changes were also made to the CVD risk criteria, calculated using 489 
JBS CVD risk prediction charts and where certain clinical data were unavailable, and this is 490 
detailed within methods. 491 

Other than the changes described above, recruitment methods were as originally intended 492 
and recruitment targets were met within the intended timescale.  However, of those individuals 493 
who were excluded from the intervention at the screening appointment (n=43 out of a total of 494 
118 screened), 65% were due to either having an MDS of ≥3, a CVD risk of below 20% over 495 
10 years or a combination of these. This is a particularly high rate of exclusion and would 496 
suggest that the inclusion and exclusion criteria might have to be reassessed before a future 497 
definitive trial. 498 

The current study also allowed recruitment (64%), retention (73% at 6 months and 69% at 12 499 
months) and withdrawal (31%) rates to be calculated. 75 participants (25 participants per 500 
intervention group) were recruited to the trial and randomised to one of the intervention arms, 501 
and the study had a completion rate of 69%. The withdrawal rate of 31% was slightly higher 502 
but similar to the initial 30% assumed for the power calculation, and these figures can be used 503 
to inform the definitive trial sample size, and withdrawal rates did differ by group, being lower 504 
in the DSG compared to the MSG and PSG.  Why withdrawal rates were higher in the PSG 505 
than in the DSG (59% versus 88% at 12 months respectively) is uncertain, but may be due to, 506 
for example, the contact with a health professional or supplementary food provision, and this 507 
will be explored further within the accompanying process evaluation. 508 

An augmented analysis was conducted to account for the withdrawals and to observe the 509 
effect withdrawals may have had on the MDS variability results. However, in a definitive future 510 
trial, study protocol adaptations to limit withdrawals, such as considering an incentive for 511 
completion should be considered, and, again, the process evaluation will inform this.  512 
 513 
Mediterranean Diet Score variability data 514 
 515 
There are a number of already demonstrated benefits of adhering to MD, including reducing 516 
the risk of developing CVD and other non-communicable diseases such as T2DM (2,37,38). 517 
In this study all intervention groups, in both the augmented and original analyses, increased 518 
their MDS over the intervention period. Median increases of between 3 and 5 points were 519 
observed between baseline and 12 months for all of the intervention groups in the current 520 
study, suggesting a marked increase in adherence, accompanied by some shifts in objective 521 
biomarkers related to a MDS, and also CVD and T2DM risk factors (BMI, systolic and diastolic 522 
blood pressure and HbA1c), highlighting the potential benefits of increasing MD adherence on 523 
health outcomes in this population. Furthermore, statistically significant associations were 524 
observed between increasing MDS over the intervention period and decreasing BMI and 525 
HbA1c, suggesting that more marked dietary behaviour change was associated with greater 526 
improvement in these outcomes,  Both these analyses suggest a benefit of consuming a MD 527 
on CVD and T2DM health outcomes, and similar findings have been shown previously (39–528 



41).  Increases of two points in MDS have been associated with a 10% reduction in CVD risk 529 
(2), and therefore the observed increases are likely to be of clinical benefit.  Whilst no changes 530 
in fasting glucose and lipid profiles were observed, this might not be surprising given that 531 
baseline levels were not significantly elevated.  The inclusion of rapeseed oil in the guidance 532 
as an alternative to olive oil may also have reduced any likely impact on the lipid profile 533 
outcomes and this will be explored in the process evaluation. 534 

There is less available evidence supporting a CVD benefit of MD adherence in non-535 
Mediterranean countries compared to Mediterranean countries (42), and so the current 536 
observation suggests that the potential health benefits (assessed by measurement of CVD 537 
risk factors) may be similar, even at lower initial levels of intake (MDS score in the current 538 
study was 2 on a 14 point scale, compared to >8 in PREDIMED on a similar scale) (8). One 539 
exception is the MedLey study in older Australians that demonstrated improved CVD risk 540 
factors (blood pressure, triglycerides, and F2-isoprostanes) as well as greater flow-mediated 541 
dilatation (43,44) after a 6 month MD intervention. Dietary behaviour change was achieved in 542 
that study using more intensive methods than used with our PSG and more similar to 543 
PREDIMED and our DSG: dietetic consultations and motivational interviewing at 3 and 6 544 
months and every fortnight in between, provision of written educational materials, sample 545 
menus and recipes, a daily food checklist to help track compliance with the diet and provision 546 
of key foods (45).  547 

As this was a pilot study and not powered to detect differences between intervention groups, 548 
it is unclear as to whether the PSG would be as effective at increasing and maintaining 549 
adherence to MD when compared to the more intensive DSG and less intensive MSG, 550 
although the data were explored for indicative effects. These results do, however, highlight 551 
that it is possible for adults at a high risk of developing CVD in a non-Mediterranean population 552 
to adopt and maintain a MD in response to a MD intervention, and provides variability data 553 
which can be used to inform a future, definitive trial. 554 

As it was only in the augmented analysis that a significant difference in MDS was observed 555 
between the intervention groups over time, this could suggest a potential impact of differing 556 
levels of withdrawal on the MDS results. However, it could also suggest a potential difference 557 
in the impact of the different interventions on MDS adoption, with more intensive interventions 558 
yielding the observed larger and maintained increases in MDS, which will lead to increased 559 
dietary compliance and associated potential long-term cardiovascular health benefits. The 560 
DSG, the most intensive intervention, was based on the dietitian led intervention used by 561 
Estruch et al. (8) in the PREDIMED intervention, and this has been shown previously to be 562 
effective at improving adherence to MD when compared to a control low-fat diet.  The DSG 563 
included dietitian-led sessions and provision of key MD foods, therefore this intervention is 564 
likely to be the most costly on an ongoing basis, and less likely to be applied at a population 565 
level.  The theory-based, tailored peer support intervention was developed as a lower cost 566 
intervention that would be as effective at encouraging dietary behaviour change towards a MD 567 
as the DSG, and data from this feasibility study certainly suggest that it produced increased 568 
MD adherence, although there was the suggestion that this was less likely to be maintained 569 
at 12 months when compared with the more intensive DSG, and the drop-out rate was greater 570 
in the PSG than the MSG and DSG groups. Initial development of the PSG intervention was 571 
expensive, requiring considerable staff time and resources over a lengthy development period, 572 
but, once developed, the PSG requires only the cost of training the peer supporters and their 573 
travel costs, thus ongoing costs would be substantially reduced compared to those of the DSG, 574 
although formal cost-effectiveness analysis was not conducted as part of this feasibility study. 575 
Peer-support based interventions have been shown previously to be a cost-effective way to 576 
promote behaviour change (46), and can lead to improvements in diet quality (15–17,47,48). 577 

While these findings indicate that behaviour change towards a MD is achievable in a non-578 
Mediterranean population, there is still much to learn regarding the most cost-effective 579 
approaches to support MD behaviour change (49), and particularly, interventions to support 580 
longer-term maintenance of newly adopted MD behaviours in non-Mediterranean countries.  581 



The TEAM-MED trial has suggested that a less intensive and potentially more cost-effective 582 
dietary delivery method, via peer support, is feasible in a Northern European population at 583 
high CVD risk.  The peer support intervention has been developed using a theory-based 584 
approach and is tailored to the needs of the target group to promote dietary behaviour change. 585 
Conclusions cannot be drawn from this pilot study regarding any formal comparison between 586 
the PSG and the DSG in terms of efficacy, and the above discussion is only based on 587 
indicative findings from this pilot study, but the data can be used to power a definitive trial to 588 
address this question. Supporting adoption and maintenance of a healthy diet such as the MD, 589 
which has been shown to effectively reduce the risk of cardiovascular risk factors and CVD, 590 
should be a high public health priority for disease prevention.   591 
 592 
Strengths and limitations  593 
 594 
The TEAM-MED study can, as a pilot study which explored feasibility, guide the design of a 595 
definitive trial.  The 12 month duration of the intervention, developed using MRC guidance for 596 
developing and evaluating complex interventions  (50), allowed assessment of both adoption 597 
and maintenance of MD. The MDS used was developed to ensure that it would not be only 598 
suitable for a non-Mediterranean population but also representative of MD to ensure 599 
comparison with other studies (28). Nutritional biomarkers were also analysed to provide an 600 
objective assessment of dietary change, and this analysis is rarely conducted in studies of 601 
encouraging dietary behaviour change. 602 

This study was designed as an RCT, the gold standard, however it did have a number of 603 
limitations. While this was designed as a pilot trial to explore feasibility, formal progression 604 
criteria were not defined. Although BMI did seem to differ between the three groups at 605 
baseline, with the PSG having a higher mean BMI compared to the other two intervention 606 
groups, analysis was conducted to investigate whether this influenced the study’s primary 607 
outcome, and it did not have an impact. All three of the intervention groups increased their 608 
MDS over the study period and made significant changes towards a MD, and this could 609 
indicate that the MSG did not truly represent a control group in the RCT design. The MSG did 610 
receive detailed written information at baseline regarding encouraging adherence to a MD 611 
and, given the fact that they were screened for risk of CVD and deemed to be eligible, i.e. at 612 
high risk and willing to make dietary changes (according to screening stage of change 613 
questionnaire), this may have helped to encourage dietary change, and/or impacted dietary 614 
reporting. 615 

For all of the intervention groups, increases in MDS were seen between screening and 616 
baseline assessments, and this increase was particularly apparent in the PSG. Due to the 617 
logistics involved in setting up group meeting venues to suit participants in the PSG and 618 
forming peer support groups, there was a particularly large time delay in beginning the 619 
intervention for participants in this group. Given that, at the screening appointment, the MD 620 
was explained to participants, the individuals in the PSG had more time than the other 621 
intervention groups to make changes towards their diet between screening and baseline 622 
measurements.  Such an increase in the PSG meant that, although MDS was balanced across 623 
the intervention groups at screening, there were substantial differences between intervention 624 
groups at baseline assessment and this must be considered a study limitation. 625 

MDS was assessed using a 14-item self-report questionnaire and is therefore subject to 626 
certain biases and misreporting, although researchers administered this questionnaire 627 
verbally, probing dietary habits in an attempt to record MDS as accurately as possible, and 628 
the reported changes in dietary behaviour were supported by the changes in objective 629 
measures of nutritional status related to MDS.  Nutritional biomarkers specific for the overall 630 
MD pattern do not really exist, however, so what was measured represented some of the MD 631 
food groups (fruit and vegetables and fish). Food diaries were also completed by study 632 
participants and further analyses will explore whether reported MDS changes were consistent 633 
when measured by this alternative dietary assessment method, as well as exploring the 634 



pattern of food group changes associated with an increase in MDS.  These analyses will also 635 
inform any specific changes to the dietary advice given, e.g. consuming vegetables with oil to 636 
maximised carotenoid absorption, or the use of olive oil over rapeseed oil. 637 

Clearly, there are a number of behaviours involved in adopting a MD and the process 638 
evaluation will include exploring ease of adoption across the range of targeted eating 639 
behaviours (foods and food groups) and the acceptability of the different elements of the peer 640 
support intervention.  This approach will allow the intervention to be further adapted and 641 
tailored to the needs of the target population. A potential limitation of the peer support 642 
intervention is that it is designed to target only dietary behaviour change and does not consider 643 
broader lifestyle behaviours besides food consumption, such as physical activity and social 644 
interactions that are considered part of a Mediterranean lifestyle (1) and are also important 645 
modifiable behaviours for CVD prevention (51).  Inclusion of these broader lifestyle behaviours 646 
will be considered within the study design for a definitive trial. 647 
 648 
Conclusion 649 
 650 
The findings from this pilot trial indicate that a non-Mediterranean population at high CVD risk 651 
can adopt and maintain a MD, and that a peer-support intervention is a feasible method to 652 
encourage this behaviour change.  In this population, increasing adherence to a MD may also 653 
be associated with improved cardiovascular risk factor status. The variability data and insights 654 
from this pilot study will inform the design of a larger scale RCT where the efficacy and cost-655 
effectiveness of the peer support intervention will be tested. 656 
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Figure Legends  860 

Figure 1. CONSORT diagram of the flow of participants through the TEAM-MED study  861 
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 864 



Table 1. Descriptive characteristics of participants in the three intervention groups as part of the TEAM-MED study  865 

 866 

  Whole study 
population 

(Nmax=75) 

Minimal Support 
Group 

(Nmax=24) 

Dietitian Support 
Group 

(Nmax=24) 

Peer Support Group  

(Nmax=27) 

Gender Male (N (%)) 42 (56) 11 (46) 16 (67) 15 (56) 

Age (at baseline) (Mean (SD)) 57.1 (6.7) 58.0 (5.1) 57.8 (8.1) 55.7 (6.6) 

Years spent in full time 
education (Mean (SD)) 13.5 (2.9) 13.5 (3.0) 13.6 (3.4) 13.4 (2.5) 

Marital status 
(at baseline) 

Married/co-
habiting (N (%)) 43 (57) 12 (50) 15 (63) 16 (59) 

BMI (at screening) (kg/m2) 
(Mean (SD)) 33.5 (4.4) 32.8 (4.0) 31.9 (3.8) 35.6 (4.5) 

MDS (at screening) (Mean (SD)) 2.1 (0.9) 2.0 (0.9) 2.4 (0.7) 1.9 (1.0) 
MDS-Mediterranean Diet Score.  867 
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 870 

 871 

 872 

 873 

 874 

 875 

 876 



Table 2. Differences in complete and augmented Mediterranean Diet Score between the intervention groups and over the 12 month 877 
intervention period  878 

 879 

 880 

MDS-Mediterranean Diet Score, PSG- peer support group, DSG- dietitian support group, MSG- minimal support group. Results obtained from repeated measures ANOVA 881 
and presented as means (95% Confidence Interval). Augmented refers to data that has had missing values imputed.  882 

 883 

 

MSG 

(N=11) 

DSG 

(N=16) 

PSG 

(N=20) 

Greenhouse-Geisser corrected P 
value 

Effect of time Treatment group 
by time 

interaction 

MDS original  Baseline 2.67 (2.05, 3.28) 3.32 (2.59, 4.05) 4.12 (3.10, 5.14) <0.001 0.13 

3 months 7.29 (6.29, 8.28) 8.50 (7.70, 9.30) 8.43 (7.22, 9.64) 

6 months 6.92 (5.70, 8.14) 8.95 (8.11, 9.80) 8.84 (7.57, 10.11) 

12 months 7.33 (5.95, 8.72) 8.90 (8.04, 9.77) 8.13 (6.68, 9.57) 

 MSG 

(N=24) 

DSG 

(N=24) 

PSG 

(N=27) 

 

MDS augmented  Baseline 2.71 (2.16, 3.26) 3.38 (2.71, 4.04) 4.07 (3.13, 5.02) <0.001 0.003 

3 months 7.50 (6.90, 8.10) 8.54 (7.88, 9.20) 8.52 (7.56, 9.48) 

6 months 6.96 (6.33, 7.59) 8.96 (8.23, 9.69) 8.37 (7.32, 9.42) 

12 months 7.21 (6.37, 8.04) 8.92 (8.17, 9.66) 7.41 (6.38, 8.43) 



Table 3. Comparisons of original Mediterranean Diet Score between the intervention groups at specific time points 884 

 885 

 886 

 887 

 888 

 889 

 890 

 891 

 892 

 893 

 894 

 895 

 896 

 897 

 898 

PSG- peer support group, DSG- dietitian support group, MSG- minimal support group. Results obtained from ANCOVA, with either screening or baseline MDS included as a 899 
covariate and presented as mean differences (95% Confidence Interval). 900 

 901 

 902 

 903 

 904 

Timepoint Covariate 

N 
Intervention group comparisons 

PSG v MSG PSG v DSG 

MSG DSG PSG 
Mean difference 

(95% CI) 
P value 

Mean difference 

(95% CI) 
P value 

Baseline Screening 21 22 25 1.49 (0.48, 2.51) 0.01 1.20 (0.18, 2.20) 0.02 

3 months Screening 14 20 21 0.99 (-0.38, 2.37) 0.15 0.16 (-1.09, 1.41) 0.80 

6 months Screening 13 21 19 1.92 (0.37, 3.47) 0.02 0.14 (-1.25, 1.52) 0.85 

12 months  Screening 15 21 16 0.63 (1.00, 2.27) 0.44 -0.67 (-2.17, 0.84) 0.38 

3 months Baseline 14 20 21 0.37 (-1.05, 1.79) 0.60 -0.30 (-1.52, 0.92) 0.63 

6 months Baseline 13 21 19 1.41 (-0.16, 2.97) 0.08 -0.33 (-1.67, 1.01) 0.63 

12 months  Baseline 15 21 16 -0.08 (-1.75, 1.59) 0.92 -1.15 (-2.62, 0.32) 0.12 



Table 4. Comparisons of augmented Mediterranean Diet Score between the intervention groups at specific time points (where missing values 905 
have been imputed) 906 

 907 

 908 

 909 

 910 

 911 

 912 

 913 

 914 

 915 

 916 

 917 

 918 

PSG- peer support group, DSG- dietitian support group, MSG- minimal support group. Results obtained from ANCOVA, with either screening or baseline MDS included as a 919 
covariate and presented as mean differences (95% Confidence Interval). 920 

 921 

 922 

 923 

 924 

 925 

 926 

 927 

 928 

 929 

Timepoint Covariate 

N 
Intervention group comparisons 

PSG v MSG PSG v DSG 

MSG DSG PSG 
Mean difference   

(95% CI) 
P value 

Mean difference 

(95% CI) 
P value 

Baseline Screening 24 24 27 1.44 (0.53, 2.35) 0.002 1.19 (0.25, 2.13) 0.01 

3 months Screening 24 24 27 1.07 (0.08, 2.07) 0.03 0.34 (-0.68, 1.36) 0.50 

6 months Screening 24 24 27 1.46 (0.35, 2.57) 0.01 -0.28 (-1.42, 0.86) 0.63 

12 months  Screening 24 24 27 0.26 (-0.89, 1.41) 0.66 -1.12 (-2.30, 0.07) 0.06 

3 months Baseline 24 24 27 0.34 (-0.63, 1.31) 0.49 -0.37 (-1.31, 0.57) 0.43 

6 months Baseline 24 24 27 0.87 (-0.26, 2.00) 0.13 -0.86 (-1.96, 0.23) 0.12 

12 months  Baseline 24 24 27 -0.47 (-1.63, 0.69) 0.42 -1.85 (-2.97, -0.73) 0.002 



Table 5. Differences in nutritional biomarkers and fatty acids between the intervention groups and over the 12 month intervention period 930 

 931 

 932 

 933 

 934 

 935 

 936 

 937 

 938 

 939 

 940 

 941 

 942 

 943 

 944 

 945 

 946 

PSG- peer support group, DSG- dietitian support group, MSG- minimal support group. *variable required log transformation and presented as geometric mean (95% 947 
Confidence Interval). Results obtained from repeated measures ANOVA and presented as means (95% Confidence Interval). 948 

 949 

 950 

 951 

 952 

 
MSG DSG PSG 

Greenhouse-Geisser corrected P 
value 

Effect of time Treatment group by 
time 

Vitamin C 
(µmol/l) 

N 11 14 11 0.01 0.60 
Baseline 25.1 (18.2, 32.1) 25.2 (19.4, 31.0) 24.8 (19.1, 30.5) 
3 months 26.4 (21.5, 31.4) 29.9 (24.9, 34.9) 30.1 (24.3, 35.8) 
6 months 20.9 (17.2, 24.5) 28.2 (22.6, 33.8) 24.5 (19.6, 30.3) 
12 months 22.9 (18.3, 27.5) 26.7 (21.4, 32.0) 27.1 (19.7, 34.4) 

Lutein* 
(µmol/l) 

N 12 16 13 0.16 0.75 
Baseline 0.18 (0.13, 0.22) 0.23 (0.18, 0.27) 0.17 (0.12, 0.21) 
3 months 0.17 (0.13, 0.21) 0.23 (0.19, 0.27) 0.20 (0.13, 0.28) 
6 months 0.18 (0.14, 0.22) 0.23 (0.18, 0.27) 0.25 (0.15, 0.34) 
12 months 0.17 (0.14, 0.21) 0.22 (0.18, 0.26) 0.20 (0.13, 0.27) 

β-cryptoxanthin* 
(µmol/l) 

N 12 16 13 0.07 0.67 
Baseline 0.08 (0.05, 0.10) 0.10 (0.07, 0.13) 0.07 (0.05, 0.10) 
3 months 0.07 (0.06, 0.08) 0.11 (0.07, 0.15) 0.08 (0.05, 0.12) 
6 months 0.08 (0.06, 0.10) 0.13 (0.08, 0.17) 0.08 (0.04, 0.12) 
12 months 0.07 (0.05, 0.08) 0.11 (0.08, 0.14) 0.09 (0.05, 0.13) 

Eicosopentaenoic 
acid* 
(% of total) 

N 10 16 12 0.08 0.59 
Baseline 1.43 (0.82, 2.05) 1.26 (0.75, 1.77) 1.15 (0.86, 1.44) 
3 months 1.41 (0.91, 1.91) 1.40 (1.14, 1.66) 1.55 (1.25, 1.85) 
6 months 1.61 (1.01, 2.22) 1.58 (1.18, 1.98) 1.43 (1.10, 1.76) 
12 months 1.10 (0.86, 1.33) 1.46 (1.11, 1.82) 1.35 (1.00, 1.70) 



Table 6. Differences in CVD and T2DM risk factors between the intervention groups and over the 12 month intervention period  953 

 
MSG DSG PSG 

Greenhouse-Geisser corrected P value 
Effect of time Treatment group by 

time 
HDL 
(mmol/l) 

N 10 15 12 0.74 0.34 
Baseline 1.40 (1.25, 1.55) 1.42 (1.28, 1.56) 1.46 (1.29, 1.62) 
3 months 1.36 (1.22, 1.51) 1.47 (1.32,1.62) 1.43 (1.26, 1.61) 
6 months 1.31 (1.09, 1.53) 1.53 (1.32, 1.75) 1.43 (1.22, 1.64) 
12 months 1.34 (1.23, 1.48) 1.50 (1.35, 1.66) 1.48 (1.30, 1.66) 

Triglycerides* 
(mmol/l) 

N 10 15 12 0.20 0.41 
Baseline 2.36 (1.66, 3.06) 1.75 (1.50, 1.99) 1.73 (1.23, 2.23) 
3 months 2.23 (1.57, 2.88) 1.66 (1.31, 2.01) 1.82 (1.25, 2.38) 
6 months 2.31 (1.57, 3.06) 1.57 (1.25, 1.89) 1.73 (1.37, 2.09) 
12 months 2.47 (1.83, 3.10) 1.68 (1.33, 2.03) 1.59 (1.25, 1.94) 

Cholesterol 
(mmol/l) 

N 10 15 12 0.15 0.22 
Baseline 6.03 (5.25, 6.82) 5.83 (5.22, 6.43) 6.03 (5.51, 6.56) 
3 months 5.67 (4.88, 6.46) 5.68 (5.01,6.36) 5.84 (5.11, 6.58) 
6 months 5.53 (4.54, 6.52) 5.78 (5.14, 6.43) 5.83 (5.28, 6.38) 
12 months 5.95 (5.18, 6.72) 5.70 (5.07, 6.32) 5.65 (5.08, 6.21) 

HbA1c 
(%) 

N 9 13 10 <0.001 0.70 
Baseline 5.67 (5.45, 5.88) 5.56 (5.36, 5.76) 5.65 (5.48, 5.82) 
3 months 5.63 (5.39, 5.88) 5.46 (5.30,5.63) 5.38 (5.03, 5.74) 
6 months 5.65 (5.38, 5.91) 5.46 (5.32, 5.60) 5.56 (5.40, 5.72) 
12 months 5.64 (5.44, 5.85) 5.45 (5.31, 5.60) 5.56 (5.42, 5.69) 

Fasting blood 
glucose  
(mmol/l) 

N 10 15 11 0.28 0.80 
Baseline 5.81 (5.32, 6.31) 5.76 (5.37, 6.15) 5.88 (5.49, 6.26) 
3 months 6.22 (5.54, 6.90) 5.57 (5.34, 5.80) 5.98 (5.42, 6.55) 
6 months 6.04 (5.46, 6.62) 5.67 (5.46, 5.89) 5.70 (5.45, 5.95) 
12 months 5.82 (5.38, 6.27) 5.545 (5.31, 5.78) 5.80 (5.50, 6.09) 

Blood glucose 
post oral 
glucose 
tolerance test  
(mmol/l) 

N 8 11 7 0.93 0.35 
Baseline 6.95 (5.72, 8.17) 7.05 (5.78, 8.32) 7.54 (6.48, 8.60) 
3 months 8.26 (6.72, 9.79) 6.52 (5.32, 7.72) 8.36 (6.60,10.12) 
6 months 7.61 (5.83, 9.39) 6.53 (4.93, 8.12) 7.00 (5.54, 8.46) 
12 months 7.73 (6.24, 9.22) 6.99 (5.77, 8.22) 7.55 (6.36, 8.74) 

BMI 
(kg/m2) 

N 11 20 16 0.01 0.71 
Baseline 32.36 (30.86, 33.86) 31.88 (30.05, 33.71) 35.41 (33.46, 37.35) 
3 months 33.00 (30.92, 35.09) 31.25 (29.42, 33.07) 34.87 (32.63, 37.11) 
6 months 32.55 (30.87, 34.24) 31.19 (29.42, 32.97) 34.49 (32.14, 36.84) 
12 months 32.93 (31.12, 34.75) 31.42 (29.68, 33.16) 35.32 (32.75, 37.88) 

Systolic blood 
pressure 
(mmHg) 

N 11 20 16 0.02 0.67 
Baseline 141.00 (133.68, 148.32) 135.36 (128.15, 142.58) 138.66 (131.87, 145.45) 
3 months 143.68 (137.84, 149.51) 127.48 (121.75, 133.20) 136.19 (129.16, 143.22) 
6 months 144.00 (132.98, 155.02) 132.69 (125.44, 139.94) 136.92 (128.63, 145.22) 
12 months 137.26 (130.35, 144.17) 129.98 (123.94, 136.01) 136.16 (127.13, 145.19) 

Diastolic blood 
pressure  
(mmHg) 

N 11 20 16 0.01 0.43 
Baseline 89.52 (84.29, 94.76) 87.43 (82.99, 91.88) 89.30 (83.44, 95.16) 
3 months 91.54 (85.39, 97.68) 81.38 (77.06, 85.69) 86.67 (81.64, 91.70) 
6 months 88.27 (80.24,96.30) 82.95 (78.06, 87.84) 82.71 (77.64, 87.78) 
12 months 86.30 (80.99,91.61) 81.83 (77.40, 86.27) 87.47 (81.81, 93.13) 

PSG- peer support group, DSG- dietitian support group, MSG- minimal support group. *variable required log transformation and presented as geometric mean (95% 954 
Confidence Interval). Results obtained from repeated measures ANOVA and presented as means (95% Confidence Interval). 955 
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