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ABSTRACT
Objectives Diabetes Intervention Accentuating Diet 
and Enhancing Metabolism- I (DIADEM- I) is the first 
randomised controlled trial (RCT) in the Middle East and 
North Africa (MENA) region testing the effectiveness of 
an intensive lifestyle intervention (ILI) for weight loss and 
diabetes remission. We report on the recruitment process 
and baseline characteristics of the DIADEM- I cohort 
based on origin (Middle East vs North Africa), and waist 
circumference.
Design DIADEM- I is an open- label randomised, 
controlled, parallel group RCT recruiting young individuals 
(18–50 years) with early type 2 diabetes (≤3 years since 
diagnosis) originating from MENA. Individuals from primary 
care were randomised to usual medical care or ILI (total 
dietary replacement phase using meal replacement 
products, followed by staged food reintroduction and 
physical activity support). The primary outcome is weight 
loss at 12 months. Other outcomes are glycaemic control 
and diabetes remission.
Setting Primary care, Qatar.
Participants 147 (73% men) randomised within 
DIADEM- I who were included in the final trial data analysis.
Outcome measures Recruitment metrics, and baseline 
clinical and metabolic characteristics.
Results Of 1498 people prescreened, 267 (18%) were 
invited for screening and 209 (78%) consented. 173 (83%) 
were eligible. 15 (7%) withdrew before randomisation and 
the remaining 158 were randomised. Mean age was 42.1 
(SD 5.6) years and mean body mass index was: 36.3 (5.5) 
kg/m2 (women) and 34.4 (5.4) kg/m2 (men). Mean diabetes 
duration was 1.8 (1.0) years and mean glycosylated 
haemoglobin (HbA1c) was 7.0% (1.30) (52.5 mmol/mol (SD 
14.3)). Participants originated from 13 countries. Those 
from North Africa reported greater physical activity and 
had lower family history of diabetes. 90% of subjects were 
taking diabetes medications and 31% antihypertensives. 
Those with greater waist circumference had significantly 
higher insulin resistance and lower quality of life.
Conclusion Recruitment of participants originating 
from the MENA region into the RCT was successful, and 

study participation was readily accepted. While DIADEM- I 
participants originated from 13 countries, there were few 
baseline differences amongst participants from Middle 
East versus North Africa, supporting generalisability of RCT 
results.
Trial registration number ISRCTN20754766; 
NCT03225339

INTRODUCTION
The prevalence of type 2 diabetes (T2DM) 
is increasing globally in parallel with the 
increasing prevalence of obesity. The Middle 
East and North Africa (MENA) region has a 
high prevalence of obesity and in 2019 had 
the highest age- adjusted diabetes preva-
lence for adults (20–79 years) worldwide of 
12.2% with a projected prevalence of 13.3% 
and 13.9% for 2030 and 2045, respectively.1 
It is estimated that by 2045 the number of 

Strengths and limitations of this study

 ► This work describes key clinical and metabolic char-
acteristics of participants in Diabetes Intervention 
Accentuating Diet and Enhancing Metabolism- I 
(DIADEM- I), the first randomised controlled trial of 
an intensive lifestyle intervention for weight loss and 
type 2 diabetes (T2DM) remission in the Middle East 
and North Africa (MENA).

 ► Recruitment of participants originating from 13 dif-
ferent countries into the study was successful from 
primary care in Qatar and included a high percent-
age of men.

 ► Findings from the DIADEM- I study will provide key 
evidence for the management of T2DM in MENA and 
globally.

 ► The characteristics described for those with early 
T2DM in MENA are limited to a single study.
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people with diabetes in MENA will increase by 96%, the 
second highest increase worldwide.1 The main drivers 
for the rise in diabetes prevalence in MENA are rapid 
development and urbanisation, which have promoted an 
increased intake of energy dense foods and sedentary life-
styles. Diabetes in MENA occurs at a younger age group 
than white European populations resulting in greater 
morbidity and early mortality. In 2019, diabetes and its 
complications caused 16.2% of all deaths in the MENA 
region and 22.4% of these deaths were in the 30–39 years 
age group.1 More than half the deaths were in those 
under 60 years of age.1

The prevailing approach to diabetes management has 
been to focus on glycaemic, lipid and blood pressure 
control through medication introduction and escala-
tion,2 based on the assumption that T2DM is a life- long 
disease with progressive decline in beta cell function 
and greater atherosclerosis. Increasingly, this view has 
been questioned through observations from bariatric 
surgery3 4 as well as recent dietary intervention trials,5–7 
where diabetes remission was observed to accompany 
significant weight loss. Excess adiposity is a key driver for 
T2DM and significant weight loss, either through bariatric 
surgery or medical management, can improve and poten-
tially reverse diabetes. The cost and limited availability of 
bariatric surgery, however, make it an unrealistic solution 
for the large population with T2DM and obesity.8 Most 
recently, the Diabetes Remission Clinical Trial (DiRECT),5 
employing a total diet replacement (TDR) phase using 
low energy diet (LED) meal replacement products, exam-
ined the effect of weight loss through dietary intervention 
on achievement of T2DM remission. The study included 
298 individuals with T2DM (mean age and diabetes dura-
tion of 54.4 and 3 years, respectively). Diabetes remission 
was reported in 46% of the intervention group at 1 year5 
and 35.6% at 2 years.6

While bariatric surgery is increasingly used for T2DM 
management in the MENA region,9 there have been no 
trials of intensive lifestyle intervention (ILI) for weight 
loss and T2DM remission in a region with a high preva-
lence of obesity and T2DM in younger individuals. The 
Diabetes Intervention Accentuating Diet and Enhancing 
Metabolism- I (DIADEM- I) was designed as the first 
randomised clinical trial in the MENA region to examine 
the impact of an ILI that included a TDR phase using 
LED meal replacements combined with physical activity 
on body weight, and glycaemic control and diabetes 
remission in those who are young (aged 18–50 years) with 
early T2DM (≤3 years).10 11 DIADEM- I hypothesised that 
intervention in young individuals in the early stages of 
T2DM through significant weight loss, behaviour change 
and physical activity would translate into a significant 
percentage reversing T2DM. Indeed, DIADEM- I recently 
reported a significant weight loss of about 12 kg in the 
intervention group at 12 months that was accompanied 
by a 61% remission of diabetes and 33% reversion to 
normoglycaemia.11 Here, we describe the baseline clin-
ical and metabolic characteristics of participants in the 

DIADEM- I study and provide insights into T2DM in those 
in the MENA region.

METHODS
Study design
DIADEM- I is an open- label, randomised controlled, 
parallel- group trial. The trial randomised individuals with 
early T2DM into two intervention arms on a 1:1 basis. The 
intervention arms included: (1) ILI incorporating a TDR 
phase using LED meal replacement products (Cambridge 
Weight Plan, Northants, UK) for 12 weeks followed by 
gradual food introduction (staged replacement of LED 
meal replacement products with participants’ own meals) 
for a further 12 weeks and then 6 months follow- up on 
own diet. Follow- up is planned for a further 12 months. 
(2) Usual medical care consisting optimisation of 
diabetes, lipid- lowering, and blood pressure medications 
with medication selection aimed at optimising weight 
loss and its maintenance. Management was based on the 
American Diabetes Association (ADA) guidelines.12

The trial is registered with ISRCTN (ISRCTN20754766; 
date assigned: 7 June 2017), and  ClinicalTrials. gov iden-
tifier (NCT03225339; registered on 26 June 2017). A 
detailed description of DIADEM- I has been published 
elsewhere.10 11

Description of the ILI
The lifestyle intervention is delivered by a single multipro-
fessional team (physicians, dietitians and physical activity 
trainers) in a primary care and community setting in 
Doha, Qatar. Behaviour support is provided throughout 
the intervention to aid weight loss and its maintenance.

Diet
Subjects receive dietary support through trained dieti-
cians. The intervention is divided into five phases: Phase 
1–12 weeks LED (seen biweekly); phase 2–12 weeks partial 
LED (seen biweekly); phase 3–6 months own food and 
lifestyle change (seen every 4 weeks); phase 4–12 months 
follow- up (seen quarterly); phase 5—poststudy follow- up 
(via medical records).

Physical activity
A key component is support for physical activity through 
trained physical trainers. Physical activity is prescribed by 
the trainer (visits simultaneous with dietician schedule) 
but carried out unsupervised by participants. Physical 
activity advice follows the American College of Sports 
Medicine and ADA joint position stand.13

Outcome measures
The clinical trial primary outcome is weight loss at 12 
months. Key secondary outcomes are glycaemic control 
and diabetes remission. Diabetes remission in DIADEM- I 
is defined as HbA1c value of <6.5% (< 48 mmol/mol) 
and receiving no pharmacological diabetes therapy for 
≥3 months.11
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Sample size calculation
Sample size calculation was based on the primary 
outcome. The Look AHEAD (Action for Health in 
Diabetes) study estimated the standard deviation for 
weight loss across populations to be 9%. Using analysis 
of covariance (ANCOVA), 69 subjects per arm would be 
needed to achieve the primary outcome after accounting 
for a 30% dropout rate, and to provide a power of 0.8 with 
0.05 significance level.11

Subject recruitment and randomisation
Recruitment was between 16 July 2017 and 30 September 
2018. The study recruitment benefitted from primary 
care electronic medical record system established across 
primary and secondary care in Qatar. The DIADEM- I 
research team collaborated with the primary healthcare 
management team. A search string to identify eligible 
subjects with T2DM was developed and a computerised 
search of primary care electronic medical records was run 
by primary care to identify patients who fulfil the inclu-
sion criteria. A list was generated by the search and was 
screened by the clinical team in primary healthcare. Any 
individual who was determined to be unsuitable because 
of age, origin, body mass index (BMI) or duration of 
diabetes was removed from the list. Primary care nurses 
and physicians approached potential subjects and gauged 
interest in study participation. Interested individuals 
were then referred to the research team and invited to 
a consenting/screening visit. Written, informed consent 
was obtained by a trained member of the research team. 
All consented eligible subjects underwent baseline assess-
ment and randomisation into the study arms. Allocation 
to study intervention arms was made by clinical research 
coordinators via a web- based system, which employed a 
pregenerated randomisation list.

Eligibility criteria
Inclusion criteria
Eligible subjects were those 18–50 years old with a 
reported diagnosis of T2DM in the previous 3 years, 
BMI≥27 kg/m2, origin from MENA and resident in Qatar.

Exclusion criteria
Exclusion criteria were type 1 diabetes, ischaemic cardio-
vascular event in the previous 6 months, chronic kidney 
disease stage 3b or greater, any condition precipitating 
fluid overload, significant diagnosed psychiatric disorder, 
uncontrolled depression, uncontrolled epilepsy, known 
lactose intolerance, severe arthritis preventing walking, 
active gout and active gallstone disease or known asymp-
tomatic gallstones.

Rationale for eligibility criteria
Diabetes at a younger age is associated a longer disease 
burden and hence greater risk of macrovascular and 
microvascular complications. The objective of DIADEM- I 
was to recruit younger individuals than those commonly 
enrolled into diabetes and weight management studies. 
Therefore, the upper age limit was set at 50 years for 

several reasons. First, obesity and T2DM are increasingly 
affecting a younger age group with serious consequences 
for the affected individual, healthcare services and 
society.14 Second, data from bariatric surgery have shown 
that diabetes remission is most likely to occur in those who 
are younger, have early diabetes and are on lower number 
of medications.3 Finally, a key aim of the intervention was 
to encourage physical activity for weight loss maintenance 
and younger individuals are less likely to have any contra-
indications to physical activity. It was also for this reason 
that the study excluded those who had conditions such as 
arthritis or active cardiovascular disease (CVD) that would 
affect safe participation in more vigorous physical activity. 
A cut- point of 3 years was chosen for diabetes duration to 
ensure that participants were included at a stage where 
pancreatic beta cell dysfunction has the greatest chance 
of reversibility. Subjects with active gout were excluded in 
order to prevent disease exacerbation with weight loss. 
Active or asymptomatic gallstone disease was an exclusion 
criterion because rapid weight loss can be associated with 
formation of gallstones and exacerbation of gallstone 
disease. Women were also excluded if they were currently 
pregnant, lactating or planning pregnancy within the 
study period.

Funding
The study is funded by the Qatar National Research 
Fund through the National Priorities Research Program 
(NPRP) grant NPRP 8-912-3-192 (principal investigator: 
Taheri). There is no input from the sponsor or funding 
source into the design, conduct, analysis or reporting of 
results.

Statistical analyses
For this report baseline characteristics of participants whose 
data are included in the final analysis are analysed. Summary 
data are presented here for the baseline study population. 
Mean and SD are used to describe continuous variables 
and frequencies and percentages used for categorical data. 
The distributions of the continuous variables were assessed 
by visual inspection of histograms and normal probability 
plots. When the distribution of a variable was right skewed, 
a logarithmic transformation was applied and the distri-
bution of the transformed data element was reassessed by 
visual inspection of the new histogram and normal proba-
bility plot. The two- sample Wilcoxon rank- sum test was used 
to analyse physical activity data. For comparison between 
groups, unpaired t- tests were used. Fisher’s exact test was 
used for categorical data. A median split for waist circum-
ference (112.3 cm) was performed to compare the meta-
bolic characteristics within the cohort. Statistical analyses 
were done in Stata 15/MP. Summarised data for the study 
population are also compared with summary data of popu-
lations in other clinical trials for weight loss interventions in 
patients with diabetes in the USA and UK to compare study 
populations and for assessment of generalisability of the 
trial results. Baseline data from the intervention arms have 
been reported elsewhere with the primary outcome data.11
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Patient and public involvement
Informal discussions with patients attending the weight 
management service at National Obesity Treatment 
Center, Qatar indicated the potential acceptability for 
the use of meal replacement products for management 
of obesity. Our previous work with the public suggested a 
willingness to participate in clinical trials.15

RESULTS
Participant recruitment
A summary of the recruitment process is found in figure 1. 
Of the 1498 people prescreened for DIADEM- I by primary 
care, 267 (18%) were invited for screening of whom 209 
(78%) accepted. Of the 209 consented participants, 173 
(83%) were eligible and 36 (17%) were screen failures 
(figure 1). Fifteen consented subjects (7%) withdrew 
before randomisation. Of those eligible, 158 participants 
were randomised into the trial (N=79/study group). Three 
subjects were randomised in error (two because of diabetes 
duration >3 years, one due to significant Q waves on base-
line ECG). One subject was found to have type 1 diabetes 

after commencing the intervention. One was excluded on 
medical grounds because of severe asthma. Six subjects did 
not continue with the study or receive their baseline assess-
ment. Data presented are for the 147 participants.

Baseline characteristics
Baseline characteristics of the participants are presented in 
tables 1 and 2. Summary data are presented for all partici-
pants and by region of origin (Middle East or North Africa). 
The mean age of the cohort at randomisation was 42.1 (SD 
5.6) years. The study population was predominantly men 
(73%), in line with the gender distribution of the popula-
tion residing in Qatar, estimating the percentage of men in 
the population to be 76%.16 Participants originated from 
13 different countries in the region. The mean BMI for 
participants was slightly higher in women than men (36.2 
(SD 5.5) kg/m2 and 34.4 (SD 5.4) kg/m2, respectively). 
The mean duration of diabetes since diagnosis was 21.2 
(SD 12.3) months. Mean HbA1c at baseline was 7.0% (SD 
1.30) (52.5 mmol/mol (SD 14.3)). At baseline, the majority 
of participants were taking more than three medications 
(69%). Only 10% of participants managed their diabetes 

Figure 1 Flow chart of recruitment. BMI, body mass index; HADS, Hospital Anxiety and Depression Scale; T2DM, type 2 
diabetes.
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Table 1 Baseline characteristics by region of origin

Number of countries

All Middle East North Africa

P value13 9 4

  N (participants) 147 63 (42.9%) 84 (57.1%)   

  Male n (%) 107 (72.8%) 42 (66.7%) 65 (77.4%) NS

  Age (years) 42.1±5.6 42.8±5.9 41.6±5.3 NS

Weight (kg)   

  Men 104.0±18.7 106.2±20.4 102.6±17.5 NS

  Women 93.6±14.2 90.1±13.2 97.4±14.6 NS

BMI (kg/m2)   

  Men 34.4±5.4 35.0±6.1 34.1±4.9 NS

  Women 36.2±5.5 34.8±5.3 37.8±5.4 NS

Waist circumference (cm)   

  Men 114.4±12.6 116.2±13.7 113.2±11.8 NS

  Women 110.2±12.1 106.6±11.3 114.1±12.1 0.0497

Waist–hip ratio   

  Men 1.0±0.1 1.0±0.1 1.0±0.1 NS

  Women 0.9±0.1 0.9±0.1 0.9±0.1 NS

Neck circumference (cm)   

  Men 41.9±2.9 42.1±2.8 41.8±3.0 NS

  Women 36.3±2.1 36.3±1.8 36.2±2.4 NS

Fat mass (kg)   

  Men 35.7±13.8 36.6±14.5 35.2±13.4 NS

  Women 42.3±10.1 39.7±9.8 45.1±9.8 NS

Lean mass (kg)   

  Men 64.9±7.4 66.1±8.5 64.1±6.6 NS

  Women 48.7±4.9 47.9±4.8 49.6±4.9 NS

  Systolic BP (mm Hg) 129.89±14.0 129.4±15.1 130.2±13.2 NS

  Diastolic BP (mm Hg) 83.3±9.1 84.0±9.3 82.8±9.90 NS

  Heart rate (beats/min) 78.0±10.4 78.0±11.4 78.0±9.6 NS

  Duration of diabetes (months) 21.2±12.3 23.0±12.0 19.8±12.4 NS

Diabetes management n (%)   

  Diet management 15 (10%) 7 (11%) 8 (10%) NS

Medications n (%)   

  1 63 (43%) 24 (38%) 39 (46%)   

  2 44 (30%) 19 (30%) 25 (30%)   

  ≥3 25 (17%) 13 (21%) 12 (14%)   

BP medications   

  0 101 (69%) 39 (69%) 62 (74%) NS

  1 27 (18%) 12 (19%) 15 (18%)   

  2 14 (10%) 9 (14%) 5 (6%)   

  ≥3 5 (3%) 3 (5%) 2 (2%)   

Total medications NS

  0 4 (3%) 0 4 (5%)

  1 16 (11%) 8 (13%) 8 (10%)

  2 25 (17%) 8 (13%) 17 (20%)

  ≥3 102 (69%) 47 (75%) 55 (66%)

Continued
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by diet alone. The age, gender, anthropometrics, vital signs, 
diabetes duration and number of medications at baseline 
were not significantly different between the two regional 
groups (table 1). Biochemical results were also similar 
between the two groups (table 2). Only uric acid and low- 
density lipoprotein- cholesterol levels were significantly 
higher in the North Africa region study participants 369.2 
µmol/L (SD 90.1) versus 336.2 µmol/L (SD 73.0), p=0.02; 
3.0 mg/dL (SD 0.9) versus 2.7 mg/dL (SD 0.8), p=0.038, 
respectively. About one quarter (23%) of participants were 
current cigarette smokers and 15% reported smoking 
shisha, with shisha smoking being significantly higher in the 
Middle East participants (22% vs 10%, p=0.04). About three 
quarters (76%) of subjects recorded having a positive family 
history of diabetes in at least one parent, and positive family 
history of diabetes was significantly higher in North Africa 
subjects (p=0.04). About one- third (29%) reported having 
positive family history of T2DM in both parents.

Self- reported physical activity at baseline (measured by 
the international physical activity questionnaire) showed 
that North Africa participants did more vigorous physical 
activity (metabolic equivalents of task (MET)- min/week) 

than Middle East participants (516.6 MET- min/week (SD 
838.6) vs 176.2 MET- min/week (SD 386.0), p=0.007) and 
had less sitting time per week (409.1 min (SD 838.6) vs 
504.3 min (SD 213.7), p=0.02), indicating that North 
African participants were more active. Self- reported 
sleep showed that DIADEM- I subjects slept an average of 
6.4 hours (SD 1.5) on weekdays and 7.7 hours (SD 1.8) on 
weekends. Table 3 shows self- reported diabetes compli-
cations and medical history. None of the participants 
had self- reported diabetic retinopathy or neuropathy at 
baseline and only 4% reported diabetic nephropathy. 
One- third (30%) of study participants reported having a 
history of hypertension and one- third (31%) were taking 
one or more antihypertensives. More than half of the 
participants (52%) reported snoring at baseline. Four-
teen subjects (10%) reported a history of gout.

Table 4 uses a waist circumference median split 
(112.3 cm) to compare the characteristics of the cohort. 
All measures of insulin sensitivity/resistance (Quantita-
tive Insulin Sensitivity Check Index, homeostatic model 
assessment of insulin resistance, homeostatic model 
assessment beta cell function) demonstrated significantly 

Number of countries

All Middle East North Africa

P value13 9 4

Smoking history n (%)   

  Current (cigarettes) 34 (23%) 16 (25%) 18 (21%) NS

  Current (shisha) 22 (15%) 14 (22%) 8 (10%) 0.043

  Former (cigarettes) 7 (5%) 2 (3%) 5 (6%) NS

Family history diabetes 0.037

  No parent 36 (25%) 9 (14%) 27 (32%)

  1 Parent 69 (47%) 32 (51%) 37 (44%)

  Both parents 42 (29%) 22 (35%) 20 (24%)

Activity (IPAQ)   

  Walking MET- min/week (n=128) 
median (IQR)

371.3 (148.5,693.0) 462.0 (99.0,693.0) 297.0 (165.0,742.5) NS+

  Moderate MET- min/week (n=128) 
median (IQR)

120.0 (0,550.0) 50 (0,600.0) 170.0 (0,540.0) NS+

  Vigorous MET- min/week (n=123) 
median (IQR)

0 (0,480.0) 0 (0,40.0) 0 (0,960.0) 0.029+

  Total MET- min/week (n=137) 
median (IQR)

873.0 (297.0 to 1950.0) 717.5 (247.5 to 1773.0) 990.0 (297.0 to 2026.5) NS+

  Sitting min/week (n=116) 447.7±220.5 504.3±213.7 409.1±218.3 0.022

  Self- reported sleep—weekdays 
(hours)

6.4±1.5 6.4±1.7 6.4±1.3 NS

  Self- reported sleep—weekends 
(hours)

7.7±1.8 7.5±1.9 7.9±1.7 NS

  Employed 125 (85%) 52 (82%) 73 (87%) NS

  Unemployed 22 (15%) 11 (18%) 11 (13%)

Data are percentage or mean±SD.
+, Two- sample Wilcoxon rank- sum test; BMI, body mass index; BP, blood pressure; IPAQ, international physical activity questionnaire; MET, 
metabolic equivalents of task; NS, non- significant (p>0.05).

Table 1 Continued
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greater insulin resistance with larger waist circumfer-
ence. Uric acid and C reactive protein (CRP) levels were 
significantly higher in those with the larger waist circum-
ference. Vitamin D levels were significantly higher in the 
smaller waist circumference group (p=0.028). Quality of 
life (measured by Impact of Weight on Quality Of Life- 
Lite and Euroquol 5- dimensions, EQ- 5D) was signifi-
cantly lower in the higher waist circumference group 
(p<0.0001 and p=0.045, respectively).

DISCUSSION
DIADEM- I is the first randomised clinical trial in primary 
care in Qatar and to our knowledge, the first randomised 
clinical trial in the MENA region of an ILI incorporating 
a TDR phase using LED meal replacement products 
combined with physical activity and behaviour change 
support. The study observed a significant remission of 
diabetes and achievement of normoglycaemia in the life-
style intervention participants.11

Participant recruitment in Qatar
Recruitment into clinical trials can be challenging, partic-
ularly when a trial is implemented for the first time. Our 
previous work suggested that the majority of participants 

approached for research in Qatar were willing to partici-
pate.15 The use of the electronic medical records combined 
with clinical discussion with potential participants ensured 
that the majority (85%) of those referred to the research 
team were suitable for the study and were willing to partic-
ipate. Of those who attended for screening, 92% agreed to 
participate in the study. Commonly, primary care partic-
ipants are invited from a general practice data search 
through invitation letters by post. The uptake from a postal 
approach is much lower than the more personal approach 
employed in primary care to describe the DIADEM- I study. 
This approach would not have been possible without dedi-
cated support from primary care staff. Similar to other 
studies, the main reason for not agreeing to participate 
was the time commitment required, especially for the life-
style intervention arm which required frequent visits.15 The 
majority of participants, however, were in full- time employ-
ment, but were willing to commit to the intensive study visits. 
Ongoing qualitative analyses will examine the acceptability 
of the lifestyle intervention, the motivators for participation 
and factors associated with success in the study.

Research setting
Conducting the study in Qatar allowed access to a group 
of participants originating from 13 different countries, 

Table 2 Baseline biochemistry by region of origin

Biochemical measure All Middle East North Africa P value

HbA1c (%) (n=147) 7.0±1.3 7.1±1.3 7.0±1.3 NS

HbA1c (mmol/mol) 52.5±14.3 54.0±14.5 51.4±14.0

Fasting glucose mmol/L (n=147) 7.5±2.2 7.9±2.6 7.2±1.8 NS

C- peptide ng/mL (n=141) 3.2±1.4 3.3±1.5 3.2±1.3 NS

HOMA2- IR (n=140)* 1.8 (1.6 to 2.0) 1.8 (1.6 to 2.1) 1.8 (1.6 to 2.0) NS

HOMA2- B (n=140)* 66.0 (59.8 to 72.8) 62.6 (52.5 to 74.7) 68.7 (61.5 to 76.7) NS

Uric acid µmol/L (n=140) 355.3±84.6 336.2±73.0 369.2±90.1 0.022

ALP U/L (n=146) 71.1±19.1 70.4±19.5 71.6±19.0 NS

AST U/L (n=146; 95% CI)* 21.0 (19.4 to 22.6) 19.9 (17.8 to 22.1) 21.8 (19.6 to 24.2) NS

ALT U/L (n=146;; 95% CI)* 30.6 (27.9 to 33.6) 30.7 (26.8 to 35.2) 30.5 (26.9 to 34.8) NS

FIB-4 (n=140) 0.12±0.05 0.11±0.04 0.11±0.05 NS

Total cholesterol mmol/l (n=145) 4.7±1.0 4.6±1.0 4.8±1.0 NS

Triglycerides mmol/L (n=145; 95% CI)* 1.7 (1.5 to 1.8) 1.7 (1.5 to 2.0) 1.6 (1.5 to 1.8) NS

HDL- cholesterol mmol/L (n=145) 1.0±0.3 1.1±0.4 1.0±0.3 NS

LDL- cholesterol mmol/L (n=144) 2.9±0.9 2.7±0.8 3.0±0.9 0.038

Urine ACR (n=138; 95% CI)* 1.6 (1.3 to 2.0) 1.5 (1.1 to 2.1) 1.8 (1.3 to 2.3) NS

Vitamin D ng/mL (n=146) 20.0±8.4 20.1±9.7 20.0±7.3 NS

PTH pg/mL (n=134) 60.2±26.0 61.7±28.2 59.1±24.3 NS

CRP mg/L (n=135; 95% CI)* 7.1 (6.2 to 8.2) 6.4 (5.0 to 8.1) 7.8 (6.5 to 9.3) NS

Ferritin µg/L (n=146; 95% CI)* 96.5 (80.7 to 115.4) 79.5 (59.3 to 106.6) 111.8 (89.6 to 139.6) NS

Data are mean±SD.
*Log- transformed for analysis—summary data are back- transformed means and 95% CI.
ACR, albumin- to- creatinine ratio; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C 
reactive protein; FIB-4, Fibrosis-4 Index for liver fibrosis; HDL, high- density lipoprotein; HOMA2- B, homeostatic model assessment 
beta cell function; HOMA2- IR, homeostatic model assessment of insulin resistance; LDL, low- density lipoprotein; NS, non- significant 
(p>0.05); PTH, parathyroid hormone.
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which supports the generalisability of DIADEM- I. The 
participants are also representative of the primary care 
younger diabetes population in Qatar which consists 
of about 70% men (unpublished data). The study was 
conducted in primary care where the majority of the early 
diabetes population are a community setting that provided 
access to gym facilities for both men and women. A major 
challenge faced at the beginning of the study was to find 
adequate clinic space to conduct the intervention, a 
common problem in busy primary care settings. However, 
the recent development of dedicated wellness centres in 
primary care in Qatar that provide access to gym as well as 
dietitians and lifestyle management physicians will ensure 
that the intervention can be rapidly translated into the 
primary care system in Qatar. An increasing trend towards 
emphasising wellness and greater attention to obesity and 
its complications across the world will facilitate reversing 
diabetes in primary care.

Key clinical and metabolic characteristics of DIADEM-I 
participants
Interestingly, DIADEM- I subjects reported an average of 
6.4 hours (SD 1.5) sleep on weekdays, and 7.7 hours (SD 

1.8) of sleep on weekends. Weekday sleep was below the 
recommendation that adults should sleep at least 7 hours 
per night.17 Although sleep was longer during weekend 
days, there is a weekly sleep deficit. Short sleep is associated 
with many adverse health outcomes including obesity and 
diabetes and this indicates that special attention should 
be paid to sleep in this population.18–20 Education on the 
importance of adequate sleep duration may aid in weight 
management in these individuals. Indeed, the DIADEM- I 
lifestyle intervention provided some sleep improvement 
advice. More than half of the subjects reported snoring, 
but only 4% reported having diagnosed obstructive sleep 
apnoea (OSA). It is possible that OSA may be underdi-
agnosed in this population and has adverse metabolic 
consequences.21 22 About 10% of the DIADEM- I subjects 
reported a history of gout. Because of the protein content 
of the meal replacements, it is important to monitor uric 
acid levels to prevent occurrence of adverse events.

Within the DIADEM- I population, those with higher 
waist circumference had significantly higher fat mass, 
greater insulin resistance, higher uric acid levels, had a 
greater degree of inflammation as measured through 
CRP, and lower quality of life. This demonstrates the 
metabolic burden of excess central adiposity among 
young individuals with early diabetes. Although signifi-
cantly lower in the higher waist circumference group, 
overall both groups reported having a good quality of life. 
Depression and anxiety measured by Hospital Anxiety 
and Depression Scale were low in the DIADEM- I cohort. 
Good quality of life and low anxiety and depression in this 
population are probably related to the short duration of 
T2DM and hence lesser disease burden.

Comparison of DIADEM-I participants with those in other 
T2DM trials
Onset of T2DM is increasingly occurring at a younger age, 
particularly in the MENA region. The incidence of T2DM 
in younger individuals in the MENA region was found to 
be one of the highest in the world compared with other 
regions.1 As a comparator, those recruited into the Early 
Activity in Diabetes (Early ACTID) study, a lifestyle inter-
vention in UK primary care for those with early diagnosed 
diabetes were about 60 years old.23 Similarly, the United 
Kingdom Prospective Diabetes Study recruited 4209 
newly diagnosed patients with T2DM and they were 52 
years old, a decade older than the DIADEM- I cohort.24

Evidence from bariatric surgery supports the idea that 
younger age and shorter duration of diabetes are more 
likely to achieve diabetes remission with weight loss.25 
The DIADEM- I study is novel because the intervention 
addressed younger individuals soon after diagnosis with 
the aim of improving their diabetes status and even 
potentially achieving remission. The DIADEM- I cohort is 
compared with other diabetes study populations world-
wide who underwent weight loss interventions (lifestyle 
interventions and pharmacological treatment) in online 
supplemental table 1. There are key differences between 
DIADEM- I and four other studies. Where all 4 trials were 

Table 3 Self- reported diabetes complications and medical 
history of participants at baseline

Medical history N (%)

N 147

Diabetic retinopathy 0

Diabetic nephropathy 6 (4%)

Diabetic neuropathy 0

Cardiovascular

  Hypertension 44 (30%)

  Angina 0

  Myocardial infarction 1 (0.7%)

  Coronary stent 1 (0.7%)

  Coronary artery bypass graft 0

  Heart failure NYHA=1 1 (0.7%)

  Stroke 0

  Peripheral vascular disease 1 (0.7%)

Respiratory

  Snoring 77 (52 %)

  Obstructive sleep apnoea 6 (4%)

  Asthma 10 (7%)

  Chronic obstructive pulmonary disease 0

Gastrointestinal

  Gastro- oesophageal reflux 21 (14%)

  Cholecystectomy 10 (7%)

  Non- alcoholic fatty liver disease 5 (3%)

Musculoskeletal

  Gout 14 (10%)

  Arthritis 2 (1%)

Data are frequencies and percentages.
NYHA, New York Heart Association
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predominantly in white Europeans, DIADEM- I included 
people originating from 13 countries in the MENA region. 
Again, the DIADEM- I population is noticeably younger 
than the other cohorts (range 12–18 years younger; 
online supplemental figure 1). Although DIADEM- I 
subjects resemble the other populations in terms of most 

anthropometric and biochemical characteristics, it is 
important to note some differences. The DIADEM- I and 
DiRECT cohorts report a similar average BMI in their 
populations (34.9 kg/m2 (SD 5.5) and 34.6 kg/m2 (SD 
4.4), respectively). Also, HbA1c and fasting glucose levels 
are lower in DIADEM- I and Early ACTID subjects (online 

Table 4 Baseline characteristics by waist circumference median split

Characteristic WC <112.3 cm WC >112.3 cm P value

Weight kg (n=147) 89.8±9.6 112.1±17.7 <0.0001

BMI kg/m2 (n=147) 31.1±2.9 38.6±4.8 <0.0001

Neck circumference cm (n=147) 39.0±3.2 41.6±3.7 <0.0001

Fat mass kg (n=147) 29.2±7.8 45.5±12.3 <0.0001

Lean mass kg (n=147) 57.5±8.6 63.3±10.3 0.0003

Systolic BP mm Hg (n=147) 129.7±15.8 130.1±12.2 NS

Diastolic BP mm Hg (n=147) 83.7±10.6 82.9±7.5 NS

Heart rate bpm (n=147) 77.0±11.0 78.9±9.7 NS

HbA1c (%) (n=147) 6.9±1.3 7.0±1.3 NS

HbA1c (mmol/mol) 51.8±14.5 53.1±14.0

Fasting glucose mmol/L (n=147) 7.6±2.3 7.5±2.0 NS

C peptide ng/L (n=141) 2.7±0.9 3.7±1.5 <0.0001

Insulin µU/mL (n=140) 12.9±6.6 22.2±16.8 <0.0001

QUICKI (n=140) 0.23±0.03 0.21±0.03 <0.0001

HOMA2- IR (n=140; 95% CI)* 1.4 (1.2 to 1.6) 2.2 (2.0 to 2.5) <0.0001

HOMA2- B (n=140; 95% CI)* 56.1 (48.7 to 64.6) 76.9 (67.6 to 87.5) 0.001

Uric acid micromol/L (n=140) 335.9±83.2 373.2±82.5 0.009

ALP U/L (n=146) 68.0±17.8 74.1±20.0 NS

AST U/L (n=146; 95% CI)* 20.4 (18.4 to 22.7) 21.5 (19.2 to 24.0) NS

ALT U/L (n=146; 95% CI)* 29.6 (26.0 to 33.8) 31.6 (27.6 to 36.1) NS

FIB-4 (n=140) 0.12±0.05 0.12±0.05 NS

Total cholesterol mmol/L (n=145) 4.7±1.0 4.8±0.9 NS

Triglycerides mmol/L (n=145; 95% CI)* 1.7 (1.5 to 1.9) 1.7 (1.5 to 1.9) NS

HDL- cholesterol mmol/L (n=145) 1.1±0.3 1.0±0.3 NS

LDL- cholesterol mmol/L (n=144) 2.8±0.8 3.0±0.9 NS

Urine ACR (n=138; 95% CI)* 1.4 (1.1 to 1.8) 1.9 (1.4 to 2.6) NS

Vitamin D ng/mL pg/mL (n=146) 21.6±8.7 18.5±7.8 0.028

PTH pg/mL (n=134) 57.1±24.7 63.3±27.0 NS

CRP mg/L (n=135; 95% CI)* 5.6 (4.5 to 6.8) 9.2 (7.6 to 11.1) 0.0006

Ferritin μg/L (n=146; 95% CI)* 82.3 (66.9 to 108.7) 108.5 (83.4 to 141.2) NS

EQ5D (n=137) 84.0±13.7 78.1±19.7 0.045

IWQoL LITE (n=138) 87.3±15.8 73.0±21.3 <0.0001

HADS depression 5.1±3.2 6.1±3.2 NS

HADS anxiety 6.1±4.2 6.4±4.0 NS

Data are mean±SD.
*Log- transformed for analysis—data are presented as back- transformed means and 95% CI.
ACR, albumin- to- creatinine ratio; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body 
mass index; CRP, C reactive protein; FIB-4, Fibrosis-4 Index for liver fibrosis; HADS, Hospital Anxiety and Depression Scale; HDL, high- 
density lipoprotein; HOMA2- B, homeostatic model assessment beta cell function; HOMA2- IR, homeostatic model assessment of insulin 
resistance; LDL, low- density lipoprotein; IWQoL LITE, impact of weight on quality of life LITE questionnaire; NS, non- significant (p>0.05); PTH, 
parathyroid hormone; QUICKI, Quantitative Insulin Sensitivity Check Index.
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supplemental figure 1), indicating their shorter disease 
duration puts them at an advantage in terms of insulin 
resistance and glycaemic control and hence possible 
diabetes remission. Although the DIADEM- I cohort shows 
lower levels of comorbidities and diabetes complications 
(CVD, hypertension, retinopathy), probably due to the 
younger age of individuals and shorter diabetes duration, 
DIADEM- I subjects have a notably higher percentage of 
current smokers compared with other trials. It is also 
noteworthy that in DIADEM- I subjects, blood pressure 
targets were met, but lipid control was suboptimal. Only 
about 10% of DIADEM- I participants managed their 
diabetes by diet alone for T2DM which when compared 
with participants of the Early ACTID study (also with short 
disease duration) indicates that the regional approach 
seems to favour early introduction of pharmacotherapy 
in T2DM.11 23

Study limitations
Although the sample size is sufficient for the primary 
outcome of the trial to be met, it remains a relatively small 
focused sample. Furthermore, our findings are limited to 
a single study population. Study subjects originated from 
13 countries. However, the study population included 
many long- term residents and citizens. Finally, the study 
population is a very selective group of patients with T2DM 
(younger, shorter diabetes duration) and may be used as 
an accurate representation of most patients with T2DM 
in the region.

CONCLUSION
DIADEM- I has demonstrated that it is possible to effi-
ciently recruit participants originating from the MENA 
region into a randomised controlled trial incorporating 
an ILI. The intervention achieved significant weight loss 
and normoglycaemia.11 The DIADEM- I population is 
distinctly different from other studies mainly conducted 
in white European populations. Outcomes of DIADEM- I 
inform the care of patients with obesity and T2DM world-
wide, where there is now a need to emphasise diabetes 
reversal through weight loss and lifestyle change as soon 
as T2DM is diagnosed.
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