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Background: Optimum nutrition has an integral role in glycemic control of diabetic
patients. In this study, we intend to explore the frequency of food group/item consumption
and its association with the risk of poor glycemic control (Hbs;. >7%) among type 2
diabetes (T2D) patients in the United Arab Emirates (UAE), since there are no data available
in this region.

Methods: In this retrospective cross-sectional study, data on frequency of food group/item
consumption of 843 T2D patients aged >18 years were collected from records documented
by dietitians in a tertiary care center in the UAE.

Results: The trends of food consumption demonstrate that one-third of the participants
consumed all five major food groups, and 10% adhered to the recommended “MyPlate” meal
pattern with the optimum mix of food groups. Univariate analysis indicated that participants
who adhered to the MyPlate meal pattern presented lower Hba;. (/=—0.78, 95% CI —1.22,
—0.25; P<0.01). Daily intake of fresh fruit was shown to be protective (f=—0.64, 95% CI
—1.26, —0.04; P=0.04) while fruit juice intake >1 time/day increased the risk of poor
glycemic control (f=1.53, 95% CI 0.72, 2.35; P<0.001). Multiple logistic regression models
(area under the receiver operating characteristics curve =0.67) showed consumption of fizzy
drinks and fast food >1 time/week increased the odds of poor glycemic control by 2.05 (95%
CI 1.16, 3.68; P=0.01) and 1.83 (95% CI 1.02, 3.3 P=0.04), respectively, while fresh fruit
consumption indicated a clinically relevant protective effect (OR=0.65, 95% CI 0.23, 1.79;
P=0.4).

Conclusion: Consuming food such as fizzy drinks and fast food >1 time/week could
possibly serve as an independent predictor for poor glycemic control, while fresh fruit
could have a protective effect on glycemic control among T2D patients.

Clinical Trial Registry: ClinicalTrials.gov Identifier: NCT03388229

Keywords: diabetes, food pattern, United Arab Emirates, food consumption, glycemic
control

Introduction

Almost one in five people in the United Arab Emirates (UAE) population between
the ages of 20 and 79 years have type 2 diabetes (T2D), compared to one in 11 adults
globally.! Investment in effective interventions for the management of diabetes has
become necessary to battle this global epidemic. Evidence has shown that individuals
with diabetes maintaining Hbx ;. <7% significantly lower their risk of kidney damage,
retinopathy, neuropathy, and cardiovascular problems.> Poor glycemic control in
patients with T2D is due to multiple factors and suboptimal dietary pattern is one
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of them. Medical nutrition therapy (MNT) improves meta-
bolic outcomes such as Hbp;. in people with diabetes.
MNT delivered by a registered dietitian is associated with
a 0.5-2% decrease in Hbu;. for people with T2D.*°
Previous research in this region also validated that lifestyle
interventions significantly improved Hba . in T2D Emirati
patients.®’

People's eating patterns and choices are largely influ-
enced by cultural and social factors, and studies have also
shown ethnic differences in glycemic response to a standard
food, emphasizing the importance of considering ethnic
differences when making dietary recommendations.® The
use of dietary patterns and diet quality through food groups
to assess dietary intake has become increasingly common in
nutritional epidemiology studies owing to the complexity
and multidimensionality of the diet.”'° The American
Diabetes Association (ADA) recommends carbohydrate
intake from whole grains, vegetables, fruits, legumes, and
dairy products, with an emphasis on foods higher in fiber
and lower in glycemic load. In addition, people with dia-
betes should avoid sugar-sweetened beverages and should
minimize the consumption of sucrose-containing foods.""
The majority of patients with T2D are not achieving opti-
mum glycemic control, with deleterious consequences, and
this could be partially attributed to non-adherence to healthy
lifestyle options.'? Furthermore, studies reporting the diet-
ary pattern of T2D patients and its association with glyce-
mic control are scarce in the UAE.*'* Assessing food
consumption patterns among the T2D Emirati population
may be beneficial for the development of regional diabetes
management intervention recommendations.

Hence, in this study, we aim to explore the frequency
of food group/item consumption and its association with
risk of poor glycemic control (Hba;. >7%) among T2D
patients in the UAE.

Materials and methods

This retrospective cross-sectional study included patients
visiting Rashid Centre for Diabetes and Research, located
in Ajman, UAE, from January 2011 until January 2015.
Prior to the initiation of the study, the protocol was
approved by the Ministry of Health and Prevention,
Research Ethics Committee, UAE (MOHAP/DXB/SUBC/
No0.29/2017), and the study was conducted in accordance
with the ethical standards laid down in the 1964 Declaration
of Helsinki and its later amendments. None of the patients
was directly involved in the study and no written informed
consent was given by participants for their clinical records

to be used in this study. Patients' records and information
were anonymized and deidentified prior to analysis. No
financial or other incentives were offered.

Subjects

In total, 3,653 patients (all patients who visited during the
study period) were screened and 843 were recruited based
on the inclusion criteria, namely Emirati men and women,
aged >18 years, diagnosed with T2D. Individuals were
excluded from the study if they had undergone bariatric
surgery, reported being pregnant, had been diagnosed with
chronic kidney disease (estimated glomerular filtration rate
<30 mL/min/1.73 m?), and/or had incomplete data.

Data collection

A detailed review of the electronic medical record (EMR)
for each patient who consulted the dietitian for the first time
was retrieved. All the patients completed their clinical
assessments within 30 days from their first visit to the
clinic. The dietary information was recorded by the dieti-
tians after an interview-based consultation using a struc-
of food
questionnaire with face validity and content clarity. The

tured pretested frequency consumption
questionnaire was a part of the nutrition care process used
for nutritional assessment besides 24-hour dietary recall.
The patients were asked if they had eaten a particular
food item or items from a food group in the previous
month on a daily/weekly/monthly basis, with the aid of
household measurement tools. This questionnaire included
17 questions and listed the frequency of consumption of 13
food groups and not the number of servings; hence, it did
not provide information on portions. The groups included
cereal (rice, bread, pasta, potatoes), legumes (beans, lentils),
meat and substitutes (red meat, poultry, fish, cheese), fruit
(fresh fruit, dates), vegetables (raw, cooked), fruit juices
(sweetened, fresh), milk and milk products (milk, yoghurt),
nuts and seeds, fizzy drinks (carbonated beverages, swee-
tened and diet cola, energy drinks), fast food (burgers,
pizzas, fried chicken), sweets and confectionery (chocolate,
cakes, traditional sweets), and hot beverages (tea, coffee,
traditional coffee/qahwah). The other questions recorded the
dietary pattern, ie, the number of meals per day, the
“MyPlate” meal pattern (ADA-recommended meal pattern,
ie, dividing a plate into four sections of approximately 30%
grains, 40% vegetables, 10% fruits, and 20% protein),15
whole grains, water, physical activity, and intake of artificial
sweeteners (not all data were included in the study). Data
on medication were not recorded, while body weight and
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height were recorded using an electronic balance with a
stadiometer (SECA, Hamburg, Germany) to the nearest
0.1 kg and 0.1 cm, respectively. Fat mass and lean body
mass were determined from the body composition through
bioelectric impedance using an InBody-230 instrument
(Biospace, Dogok-dong, South Korea) under standardized
conditions. Body mass index (BMI), waist circumference,
and blood pressure were recorded using standard clinical
procedures. A blood sample (8 mL) was obtained after an
overnight fast of >8 hours and Hb, ;. was determined using
a Roche COBAS 6000 analyzer (Mannheim, Germany).
Blood Hb, ;. was reported in the NGSP (%) unit, which is
used in the UAE.

Statistical analysis

All statistical analyses was performed using Stata statisti-
cal software (version 14; Stata Corp., College Station, TX,
USA). Continuous variables are presented as means + SD
and categorical variables as numbers and percentages.
Statistical significance was set at P<0.05. The data set
included all the variables with missing data of <5%.
Both univariate linear regression and multivariate regres-
sion models were utilized to analyze the association
between frequency of food consumption and glycemic
control. Food groups that are sources of carbohydrates
(ie, milk and milk products, fruit, fruit juice, fizzy drinks,
sweets and confectionery, and fast food) were grouped into
two categories, ie, <l time/week and >1 time/week, for the
univariate linear regression. Multiple logistic regression
models were created to test the effect of food items high
in simple carbohydrates on glycemic control (Hba;. >7%
vs <7%). Model assumptions were checked and met, and
interactions between age, gender, and duration of diabetes
did not show any effect modification. The potential con-
founders were identified based on the literature, and when
the effect of the predictor on the outcome was more than
10%, it was adjusted. The adjusted confounders included
age, gender, duration of diabetes, and waist circumference.
Multiple regression techniques were used for model build-
ing, with a hierarchical block design to determine the
contribution of food groups/items to poor glycemic con-
trol. The covariates that were correlated (P<0.25) were
entered into stepwise logistic regression (backward selec-
tion) to determine predictors.

Results
The demographic, anthropometric, and metabolic charac-
teristics of the study participants are presented in Table 1.

Table | Characteristics of the study population

Variable n (%) Mean SD
Demographic variables
Male 324 (39)
Female 519 (6l)
Age (years) 55 12
Anthropometric variables
Weight (kg) 83.5 19.4
BMI (kg/m?) 325 7.0
Waist circumference (cm) 103 13
Fat mass (%) 347 13.5
Diabetes-related variables
Systolic BP (mmHg) 134 19
Diastolic BP (mmHg) 73 10
Hbaic (%) 8.0 1.8
Duration of DM (years) 10.7 77

Abbreviations: BMI, body mass index; BP, blood pressure; DM, diabetes mellitus.

The female to male ratio was 3:2 and the mean age was
54.6+12.05 years, of which 61% ranged between 30 and
60 years and 31% were above 60 years. The BMI and
waist circumference did not differ significantly between
genders; however, the fat mass percent varied between
genders (male =31.2+13.6%, female =37.0+£12.9%).

Figure 1 illustrates the food group/item consumption
frequency by patients with T2D in the UAE. The highest
frequency was >2 times/day and the lowest was none to <3
times/month. It was observed that all the participants con-
sumed cereals more than twice daily, and only 18% of the
study patients consumed wholegrain cereals. The daily pro-
tein intake was largely made up of meat and meat substitutes,
which were consumed at least once daily by 94%, whereas
plant sources of protein (beans and lentils) were consumed
daily by 7.6% of the patients. Fruit and fruit juice consump-
tion was >1 time/day in 54.8% and 18.8%, respectively. The
frequency of intake of vegetables was <1 time/day in 80.6%
of the participants. About 80% of the study participants
consumed fizzy drinks and fast food <3 times/month.
However, the consumption of traditional sweets and choco-
lates/confectionery was >1 time/week in 44.2% of partici-
pants (Figure 1). It was also observed that 32.9% of them
chose to eat meals from restaurants/food outlets >3 times/
week and 57% of these T2D patients exercised <3 times/
month or never, whereas 32.6% exercised >3 times/week
(not shown in Figure 1).

The univariate linear regression analysis in Table 2
shows the association between dietary factors and glyce-
mic control (Hbu;.); the p-coefficient represents the
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Figure | Food group/item consumption frequency in patients with type 2 diabetes mellitus in the United Arab Emirates (n=843).

predicted change in Hba. (%) with a change in category
of variable compared to baseline category (<3 times/
month). The confidence intervals represent the mean
value of the change in Hb, . for a given value of predictor
category. Participants who adhered to the MyPlate meal
pattern showed a reduction in Hba;. (=—0.78, 95% CI
—1.22, —0.25; P<0.01), while consumption of wholegrain
cereals (wholegrain bread, traditional wholegrain bread)
compared to refined cereals (white bread, buns, traditional
bread with refined flour) showed a reduction in Hba ;. (6=
—0.32, 95% CI —0.68, 0.04; P=0.08). Consumption of fruit
once daily was reported to reduce Hbu . (6=0.64; P=0.04),
whereas consumption of fruit juices more than once daily
increased Hby . (6=1.53; P<0.001). Fizzy drink consump-
tion once daily also showed a substantial increase in Hba
(p=1.1; P<0.001). No significant associations were seen
between Hbu;. and other food groups (meat and beans,
cereal, meat and meat substitutes, vegetables, milk and
milk products, and nuts and seeds).

The hierarchical regression analyses of dietary factors
associated with glycemic control are shown in Table 3. In
the unadjusted model (model I), the odds of poor glycemia
reduced by 57% (OR=0.43, 95% CI 0.18, 1.01) on con-
sumption of fruit >1 time/week. On adjusting the potential
confounders, model II was considered the best competing
model (area under the receiver operating characteristics
curve [AUC]=0.67, n=784), showing consumption of
fruits to have a protective effect (OR=0.38. 95% CI 0.16,
0.90) and that fizzy drinks increased the risk of poor
glycemic control (OR=1.94, 95% CI 1.23, 3.05). Further
adjustment in model III (AUC=0.67, n=474) with waist
circumference indicated that consumption of fizzy drinks

once or more per week increased the odds of poor glyce-
mic control (OR=2.05, 95% CI 1.16, 3.68; P=0.01); simi-
larly, fast-food consumption also showed an increased
odds of poor glycemic control (OR=1.83, 95% CI 1.02,
3.3; P=0.04). Although consumption of fruit >1 time/week
is likely to be protective for glycemic control, by 35%, this
was not statistically significant; however, it could be clini-
cally relevant (Table 3).

Discussion

The UAE has a very diverse population, of whom only
11.6% are UAE nationals (Emiratis) and the remainder is
made up of expatriates.'® Nineteen percent of the UAE
population is living with diabetes mellitus,' and under-
standing the frequency of food group/item consumption
and its association with glycemic control is crucial. This
study describes the food consumption frequency and its
association with the odds of poor glycemic control in 843
patients who are receiving their treatment at Rashid Center
for Diabetes and Research in Ajman, UAE.

The demographic data in our study are representative of
the national data with reference to age group, gender,
anthropometric measures, and metabolic markers of T2D
patients.'*!” The trends in food consumption demonstrate
that only one-third (n=294) of the subjects consumed all the
five major food groups (cereals, meat and meat substitutes,
milk and milk products, fruits, and vegetables) daily, and
only 10% adhered to the ADA-recommended MyPlate meal
pattern with the optimum mix of food groups. Our findings
are consistent with studies reported from T2D patients from
Mediterranean countries.'® Our results on the intake of
whole grains (18%), nuts (14.7%), and legumes (7.6%)
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Table 2 Univariate analysis of the frequency of food groups/items and glycemic control (Hba,c)

Variable p-Coefficient (SE) 95% CI P-value
Wholegrain cereals —-0.32 —0.68, 0.04 0.08
(refined cereals as reference)
“MyPlate” meal pattern -0.73 -1.22, —0.25 <0.01*
Fruit

|-2 times/week —0.52 -1.20, 0.17 0.14

3—4 times/week -0.23 —0.92, 0.45 0.50

| time/day —0.64 —1.26, —0.04 0.04*

22 times/day —0.53 —1.16, 0.09 0.09
Fruit juice

I-2 times/week —0.02 —0.33,0.28 0.89

3—4 times/week 0.10 —0.29, 0.49 0.63

| time/day 0.10 —0.26, 0.45 0.59

22 times/day 1.53 0.72, 2.35 <0.001*
Fizzy drinks

I-2 times/week 0.122 —0.31, 0.56 0.58

3—4 times/week —0.05 —0.76, 0.67 0.89

| time/day 1.10 0.53, 1.67 <0.001*

22 times/day —0.1 —0.95, 0.74 0.80
Fast food

I-2 times/week 0.45 0.07, 0.83 0.02*

3—4 times/week 0.30 —0.40, 1.02 0.40

| time/day -0.77 —-1.78, 0.22 0.13

22 times/day 1.14 —0.58, 8.0 0.19
Sweets and confectionery

I-2 times/week 0.02 —0.27, 0.30 0.90

3—4 times/week 0.42 —0.09, 0.92 0.10

| time/day 0.23 —-0.21, 0.68 0.30

22 times/day 0.87 —0.14, 1.88 0.09

Notes: <3 times/month is assigned as the reference group for all food groups/items. *P<0.05 is considered statistically significant.

are in consensus with consolidated data from 16 European
countries (n=41,056), where the authors reported that a
suboptimal diet was strongly associated with disease-speci-
fic mortality from coronary heart disease, stroke, and T2D
(range 48-53%), with suboptimal intakes of whole grains
(4-17%), nuts (7-15%), fruits and vegetables (6-22%), and
processed meat (12—18%) representing the main contribu-
tors to mortality rates.'® Furthermore, we observed that
46% of the patients did not consume milk and milk pro-
ducts daily and 23% of them did not consume vegetables
daily. Consumption of fizzy drinks (81.6%) and fast food
(83.3%) <3 times/week could be attributed to the inverse
relationship (=—0.24, P<0.001) (=—0.30, P<0.001)
between the consumption of fizzy drinks/fast food and the
age of participants, as supported in earlier studies.?

The univariate correlation between glycemic control and
frequency of consumption of a food group/item showed that
participants consuming meals in the recommended MyPlate
model could have lower Hby;. (=0.73, 95% CI —1.22,
—0.25; P<0.01), which is in agreement with dietary
guidelines.”! Our study has shown a positive association
between consumption of fruits once a day (5=—0.64, 95%
CI —1.26, —0.04; P=0.04) and glycemic control; this corre-
lation was quantified in the regression model. Model III
showed a 35% (OR=0.65, 95% CI 0.23, 1.79; P=0.04)
reduction in risk of poor glycemic control, in consensus
with the ADA recommendations of increasing consumption
of fruits and vegetables to 8—10 servings per day for dia-
betic patients. Our results also concur with a large epide-
miological study in Chinese adults (n=500,000), wherein a
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Table 3 Multivariate model analysis of dietary factors associated with poor glycemic control (Hba,.>7%) in patients with type 2

diabetes

Predictor Model I unadjusted P-value Model Il adjusted P-value Model Il adjusted P-value
OR (95% CI) OR (95% CI) OR (95% Cl)

Fizzy drinks 1.49 (0.97, 2.29) 0.06 1.94 (1.23, 3.05) <0.01* 2.05 (1.16, 3.68) 0.01*
Fast food I.11 (0.72, 1.70) 0.62 1.49 (0.94, 2.38) 0.08 1.83 (1.02, 3.3) 0.04*
Sweets 1.12 (0.82, 1.52) 0.45 1.14 (0.82, 1.56) 0.41 1.18 (0.78, 1.77) 0.42
Fruit juice 0.87 (0.64, 1.18) 0.39 0.96 (0.68, 1.27) 0.65 0.97 (0.65, 1.46) 0.91
Fruit 0.43 (0.18, 1.01) 0.05 0.38 (0.16, 0.90) 0.03 0.65 (0.23, 1.79) 0.40
Gender (male as reference) - 1.46 (1.07, 2.00) 0.01* 1.20 (0.80,1.79) 0.37
Age - 1.00 (0.99, 1.01) 0.50 1.00 (0.98, 1.02) 0.40
Duration of diabetes - 1.07 (1.04, 1.09) <0.001* 1.05 (1.02, 1.09) <0.001*
Waist circumference - - 1.02 (1.00, 1.03) <0.01*
AUC 0.56 0.67 0.67
Pseudo R? 0.01 0.06 0.06
P-value 0.04* <0.001* <0.001*
n 789 784 474

Note: Model | was unadjusted, model Il was adjusted for confounders (gender, age, and duration of diabetes). Model lll was adjusted for covariates in model Il and waist
circumference. Frequency of food item consumption is divided into <I times/week (reference) vs 2| times/week. *P<0.05 is considered statistically significant.

Abbreviation: AUC, area under the receiver operating characteristics curve.

higher frequency of fresh fruit consumption (>3 days/week)
was associated with lowered risks of death and development
of major wvascular complications among diabetic
individuals.”®> The literature suggests that the mechanism
of action could be attributed to dietary fiber,” minerals
(eg, potassium), and antioxidants (eg, vitamins and
polyphenols),>* which may work synergistically to contri-
bute toward several benefits on metabolism, including anti-
oxidative, anti-inflammatory, anti-proliferative, anti-platelet,
anti-hyperglycemic, anti-dyslipidemic, anti-hypertensive,
and anti-atherogenic effects, and modulation of the compo-
sition and metabolic activity of gut microbiota.>> This could
reduce the risk of vascular complications among those who
have already developed diabetes.”® In our study, consump-
tion of fruit juice did not show an effect on glycemic control
unless the frequency was >2 times/week (f=1.53, 95% CI
0.72, 2.35; P<0.001). Our results are in consensus with a
meta-analysis of 12 trials showing that fruit juice may have
no overall effect on fasting glucose and insulin concentra-
tions in diabetic populations.”’

The multivariate model showed that after the adjust-
ment for potential confounders, fizzy drinks could poten-
tially increase the odds of hyperglycemia by 2.05 (205%)
in T2D patients. Our results are in agreement with the
strong evidence from the Nurses’ Health Study, which
indicates that nurses who said they had one or more ser-
vings a day of a sugar-sweetened soft drink or fruit punch
were twice as likely to have developed T2D.*® Such stu-

dies are not available among individuals with diabetes;

however, there is little reason to suspect that the diabetic
state would mitigate the adverse effects of sugar-swee-
tened beverages. Sugar-sweetened beverages have higher
glycemic index and glycemic load because of the high
amounts of corn syrup and total simple sugars, particularly
glucose and fructose. Large quantities of such foods could
be associated with higher blood glucose levels and insulin
levels, and could elevate free fatty acid levels.”

In addition, a meta-analyses of 11 cohorts reported that
after adjustment for age, gender, energy intake, BMI, and
other dietary covariates, each additional serving of sugar-
sweetened beverage was associated with higher fasting
glucose (f £ SE 0.014+0.004 [mmol/L]; P=1.5x10") and
higher fasting insulin (0.030+£0.005 [log e pmol/L];
P=2.0x10"'9).>° Furthermore, literature on the consump-
tion of fizzy drinks reports that they increase the risk of
diabetic complications, ie, chronic kidney disease and
proliferative diabetic retinopathy.*!-*?

Model III in our study also showed an increased odds
(OR=1.83, 95% CI 1.02, 3.3; P=0.04) of poor glycemia on
consumption of fast food once or more daily. Similar
findings have been observed in several studies across
three UK-based diabetes screening studies, suggesting
that increased exposure to fast-food outlets was associated
with increased risk of T2D (OR=1.02, 95% CI 1.00, 1.04),
indicating a strong influence of fast food in the pathology
of T2D.* Endothelial function is reported to be impaired
after ingestion of fast food, which is related to increases in
circulating glucose and triglycerides, and/or elevated
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oxidative stress.***> In addition, fast food induces greater
and sustained overall cardiac workload in individuals with
T2D compared with BMI- and age-matched controls.*®

The limitations of our study refer to the method of
dietary data collection, which was based on self-reported
food frequency data collected from EMRs. The lack of
validated nutritional tools across countries in the Middle
East could possibly be the reason for the scant body of
nutritional information in this region. In addition, although
we adjusted for several variables that we considered as key
potential confounders, other factors may also interact with
the frequency of food consumption (eg, employment,
social support from the family). Thus, this study could
not establish causality since it is an observational study.
It includes only patients referred to the lifestyle clinic and
generalization to T2D patients in this region should be
considered with caution. Although the study sample
included patients from Ajman region, the internal validity
is enhanced by including only Emirati patients, as they
share similar cultural and dietary habits across the UAE.

While this study has these limitations, it does give a
clear snapshot of the dietary preferences of the T2D
Emirati population and may help both in providing infor-
mation for clinical practice recommendations in this
region and in giving direction for designing future pro-
spective studies to assess these improvements.

Conclusion

Our findings show that consuming fizzy drinks and fast food
at least once or more weekly could possibly serve as an
independent predictor for poorly controlled glycemia (Hba
>7%) among T2D Emirati individuals. In addition, the intake
of fresh fruits once or more weekly could decrease the odds of
poor glycemic control. The results of this study, therefore,
support the recommendations of the ADA for MNT in dia-
betic patients, and it would be of value to adapt the regional
recommendations in light of the information provided in this
study. However, our study design was cross-sectional and data
were self-reported; hence, no inferences should be drawn
regarding causality effects. Randomized controlled trials are
suggested to prove the causality in this area.

Data availability

The data used to support the findings of this study are
restricted by the Ministry of Health and Prevention
Research Ethics Committee-UAE, in order to protect patient
privacy. Data are available from Amena Sadiya, amena.

sadiya@skmca.ae/sadiya.amena@gmail.com for researchers
who meet the criteria for access to confidential data.
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