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Abstract: Background & Objectives: Bahrain is reported to rank amongst the top 10 countries for diabetes prevalence
worldwide. In particular, growing numbers of children are being diagnosed with Type 1 diabetes mellitus (T1DM).The
objective of this study was to describe the dietary intake of Bahraini children with TIDM as compared to a sample of
healthy counterparts and to determine whether the nutrient intakes of Bahraini children with TLDM meet the current
recommendations.

Design & Setting: This was a case-control study. Dietary intake, estimated using a24-hour dietary recall, for the cases
was gathered from the Pediatric Endocrine and Diabetes Unit at the Salmaniya Medical Complex and compared to the
24-hour recalls of children without diabetes recruited from Local Health Centers.

Patients & Methods: 50 children aged 6-12 years receiving a confirmed diagnosis of T1DM in the years 2009 and 2010
compared with 55 healthy comparators.

Results: Children with TIDM consumed significantly more calories than controls (p<0.001) and significantly more protein
relative to their RDA (p<0.029). Both groups failed to meet the RDA values for dietary fiber and for Vitamin D. Sodium
intakes were in excess of RDA values although no significant difference was observed between groups (p=0.403).

Conclusion: The diets of both children with and without TIDM were found to contain excess protein and sodium and
inadequate fiber, vitamin D and calcium. Children with T1DM also appeared to consume excess energy and fat. There is
a need to endorse existing dietary guidelines for children with TLDM.
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BACKGROUND

Diabetes has become one of the main public health
problems in the Middle East, including Bahrain. It was
reported that Bahrain ranks among the top ten
countries worldwide for diabetes prevalence [1]. In
Bahrain, the number of children diagnosed with Type 1
diabetes mellitus (T1DM) is also on the rise having
more than doubled in the past ten years, with 25 new
cases of pediatric Type 1 diabetes diagnosed per
100,000 population in 2010 [2]. It is well known that
cardiovascular disease (the main cause of death in
Bahrain) is more prevalent among patients with T1DM
than among those without diabetes [3, 4]. This is
placing a significant economic burden on the health
services provided by the Ministry of Health.

Type 1 diabetes is associated with an increased risk
for the development of micro and macro vascular
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complications such as retinopathy, neuropathy, and
nephropathy [5]. Managing diabetes with good nutrition
by maintaining ideal body weight, optimal growth, and
development can help prevent such complications [6].
Investigations in Western countries showed that
children with TIDM have unhealthy dietary habits, with
high intake of energy, carbohydrates, fat and low intake
of several micronutrients, compared to healthy children
[7-9]. Studies of the dietary intakes of children with
T1DM in the Middle East are limited with most research
in the region focusing on the dietary habits of those
with type 2 diabetes [10].

A few studies have attempted to assess the dietary
habits of children and adolescents in Bahrain [11-13],
finding that these habits are characterized by low
intakes of dietary fiber, milk, vegetables and fruit; and
high intakes of fat, fast food and sugar-sweetened
beverages. Breakfast was skipped by more than 50%
of Bahraini children. However, none of these studies
examined the dietary habits of children with T1DM
alone or in comparison to those of healthy children.
Understanding the current eating behaviors of children
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with T1DM in Bahrain is vital to inform the development
of culturally appropriate education programs for this
population yet this data is currently lacking. This study
aimed to describe the dietary intake of Bahraini
children with T1DM as compared to a sample of
healthy counterparts and to determine if the nutrient
intakes of Bahraini children with T1IDM meet the
current age and gender specific recommended intakes.

METHODS

This was a case-control study designed to assess
the dietary intakes of newly diagnosed children with a
confirmed diagnosis of T1DM in the years 2009 and
2010 in the Pediatric Endocrine Unit at the Salmaniya
Medical Complex (SMC), the main governmental
hospital in Bahrain. These children were compared to
healthy controls recruited from local Health Centers
across the country to allow the impact of disease to be
investigated independently of other important factors
like age and weight. The Health Research Committee
at the Salmaniya Medical Complex and the Research
Committee at Primary Health Care in Bahrain gave
ethical approval for the study.

The inclusion criteria for case subjects were: The
subject was registered as a confirmed case of TILDM at
the Pediatric Diabetes Unit (PEU) at SMC; the subject
was between 6 and 12 years of age at diagnosis; the
subject was seen by a dietitian/nutritionist at the initial
visit and had completed a 24-hour dietary recall (taken
from the child in the presence of a parent or legal
guardian); the subject was followed up at least once at
the Pediatric Diabetes Unit, and the subject had a
completed Diabetes Registry Form (DRF).

The control subjects were selected from 5 health
centers. They were matched with case subjects by age,
gender, BMI, and geographic location (Table 1). The
total samples comprised 50 cases and 55 controls.

The 24 hr recall was taken before commencing
nutrition education and carbohydrate counting so that
the diet recall was reflective of previous dietary habits
and not of diet intake subsequent to diet education.
Dietary intake was estimated using the 24-hour dietary
recalls, which were analyzed using the Food Processor
Software SQL version 10.70 (ESHA Research). Dietary
intakes were expressed as absolute nutrient intakes
and compared to the U.S Dietary Reference Intakes
(DRI) [14]. Energy requirements were calculated based
on the children's age, gender, height, weight, and
activity level. The percent energy intake from
macronutrients was compared to the Acceptable
Macronutrient Distribution Range (AMDR) established
based on U.S Dietary Reference Intakes (DRI) [14].
The data were then statistically analyzed using SPSS
version 21 (SPSS Inc.) to compare intakes between
cases and controls, using independent t-tests and
Mann-Whitney tests as appropriate. A p-value of less
than 0.05 was considered to be statistically significant.

RESULTS

Energy and Macronutrient Intake

The energy and macronutrients intake of children
with and without T1DM are presented in Table 2.
Overall 96% of the case group and 75% of the control
group met their energy requirements when compared
to their estimated total energy expenditure (TEE).

Table 1: Baseline Characteristic of Children with Type 1 Diabetes (n=50) and Healthy Control Group (n=55)
T1DM Healthy Controls
P-Value
Median (IQR) n (%) Median (IQR) n (%)
9.50 9.00
Age, years 0.074%
(2.00) (3.00)
Male 50 45 b
Gender, % 0.698
Female 50 55
BMI, percentile 46.90 (82.40) 33.40 (62.10) 0.326°
BMI 15.09 (6.86) 16.05 (4.60) 0.521°
Muharraq 6(12.2) 14 (25.5)
Capital 10 (20.4) 7(12.7)
Geographic Location by Northern 11 (22.4) 19 (34.5) 0.086"
Governorate
Central 21 (42.9) 15 (27.3)
Southern 1(2.0) 0(0)

IQR Interquartile Range, *Mann Whitney; bChi—squared.
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Table 2:

Energy Intakes and Macronutrient Distributions in DM Children (n=50) and Non-DM Children (n= 55)

Expressed as Mean of Absolute Intake and Mean Percent Intake Relative to Age and Gender Recommended

Dietary Allowance

TiDM Healthy controls P-value*
Mean Mean Mean Mean
% DRI % DRI'
Calories (kcals) 2023 96 1542 75 <0.001°
[493.49] [28] [505.22] [24]
622 108 438 77 <0.001°
Calories from Fat (kcal)
[206.44] [45] [177.97] [32]
155 85 109 59 0.002°
Calories from Saturated Fat (kcal)
[69.13] [49] [66.54] [32]
Protein (g) 71.75 249 54.22 196 0.018°
g [21.37] [112] [23.74] [68]
: 13.80 13.78 0.962"
% of energy from protein
[13.65] [3.08]
Carbohydrates(q) 300.22 103 225.87 81 <0.001°
y 9 [78.27] [30] [77.60] [29]
55.84 57.70 0.190°
% energy from carbohydrates
[7.10] [7.80]
Dietary fiber (g) 12.88 42 10.16 36 0.064°
ytibertg [5.26] 18) [5.71] [20]
69.15 108 48.93 77 a
Fat (g) <0.001
[22.94] [44] [19.82] [32]
29.64 28.44 b
% energy from fat 0.376
[20.68] [7.64]
17.19 85 12.14 59 a
Saturated Fat (g) 0.002
[7.68] [45] [7.39] [32]
7.68 7.09
% energy from saturated Fat 0.280"
[7.17] [3.78]
19.75 84 13.72 61 a
Monounsaturated Fats (g) 0.001
[8.08] [39] [8.21] [37]
10.60 8.17 b
% energy from monounsaturated fat 0.128
[8.09] [4.24]
9.94 47 7.12 35
Polyunsaturated Fats (g) 0.007?
[4.23] [22] [4.24] [21]
5.10 4.15 b
% energy from polyunsaturated Fat 0.169
[4.10] [2.05]

SD Standard Deviation; "Mean percent intake relative to age and gender Recommended Dietary Allowance [14] (RDA); *Mann Whitney; °T-test; *P-value for
between group comparison of % mean RDA where available or mean absolute intake.

Children with TIDM consumed significantly more
calories than controls (p<0.001). They also consumed
a significantly higher number of calories from fat
(p<0.001) and saturated fat (p=0.002) than healthy
children. Children with TIDM consumed about 2.5
times their RDA for protein, whereas their healthy
counterparts consumed approximately twice the RDA
(p=0.018).

On average children with TIDM met their RDA for
carbohydrates whereas healthy controls consumed a

mean of 81 [SD 29] % of their requirements (p<0.001).
Both groups failed to meet the RDA values for dietary
fiber intake but no significant difference was observed
between mean intakes when expressed as a
percentage of the recommendations (p=0.064).

The percent energy (% E) intake from protein,
carbohydrate and fat for the two groups is also shown
in Table 2. No significant difference was observed for
percent energy intake of macronutrients between the
groups. Children with TIDM and healthy controls were
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within the AMDR range for macronutrients. The mean
percent energy intake from polyunsaturated fats was
below the recommendation in both groups and the
mean percent energy intake of monounsaturated fats
was slightly higher than the recommendation in
children with TIDM.

Vitamin Intakes

The vitamin intakes of children with and without
T1DM are presented in Table 3. Children with T1IDM
consumed a significantly higher amount of vitamin B1
(p=0.034), vitamin B3 (p=0.016), vitamin B6 (p= 0.006)
and vitamin A (RAE) (p=0.007) as compared to healthy
children but this difference was no longer significant
when adjusted for energy intake. Although the range of
vitamin A intakes is wide, this is a true reflection of the
diversity of diets within this group and specifically the
high intakes of vitamin A achieved by those children
consuming liver; a common food in the region. After
adjusting for energy vitamin K intake was found to be
higher amongst healthy children as compared to those

with TIDM (p=0.016). No significant difference was
observed between the two groups for vitamin D
intakes, with both groups failing to meet the RDA. Both
groups also failed to consume the recommended folate
intake, whilst they met or exceeded requirements for
vitamin C (non-significant between groups with or
without energy adjustment).

Mineral Intakes

The mineral intakes of children with and without
T1DM are given in Table 4. Children with TIDM had a
significantly higher intake of iron (p<0.001) and
potassium (p<0.001) as compared to their healthy
counterparts. After adjusting for energy intakes, iron
intake was no longer significant (p=0.773) although
potassium intake remained significant (p=0.005). The
control group met the RDA for iron but children with
T1IDM consumed on average 1.5 times their
requirement. Potassium intakes were well below the
requirements in both groups. A significant difference
was observed between the groups for calcium intake

Table 3: Distribution of Vitamin Intakes between Children with and without DM (n=50) and Non-DM (n=55) Group

T1DM Healthy Controls
Mean Mean Mean P-Value®
[SD] % DRI" [SD] % DRI"
N 795 54 537.6 34 R
Vitamin A (RAE) 0.007
[768.88] [34] [238.47] [27]
N 0.74 15 0.55 11 a
Vitamin D (mcg) 0.061
[0.86] [17) [0.70 [14]
N 2.02 21 1.68 19 a
Vitamin E - Alpha Tocopheral (mg) 0.122
[1.08] [11] [1.48] [17]
N 11.97 20 8.86 16 a
Vitamin K (mcg) 0.001
[13.06] [22] [19.15] [34]
L 133.66 352 88.84 277 N
Vitamin C (mg) 0.127
[119.7] [357] [92.18] [285]
N 0.94 120 0.70 93 a
Vitamin B1 (mg) 0.034
[0.46] [60] [0.42] [48]
N 111 146 0.92 128 2
Vitamin B2 (mg) 0.0877
[0.70] [95] [0.85] [134]
N 13.43 127 9.20 95 a
Vitamin B3 (mg) 0.016
[7.36] [70] [6.81] [62]
N 1.35 163 0.94 121 a
Vitamin B6 (mg) 0.006
[0.60] [83] [0.62] [74]
N 2.64 173 1.58 107 a
VitaminB12 (mcg) 0.102
[3.57] [211] [1.86] [116]
187 71 137 56 a
Folate (mcg) 0.095
[107.63] [42] [95.73] [36]

SD: Standard Deviation; "Mean percent intake relative to Dietary Reference Intake (DRI);

mean absolute intakes.

aMann Whitney; "T-test; *P-value for % mean RDA where available or
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Table 4: Distribution of Mineral Intakes between Children with (n=50) and without DM (n=55)

T1DM Healthy Controls
Mean Mean Mean Mean P-Value®
[SD] % RDA' [SD] % RDA'
. 609 56 411 42 A
Calcium (mg) 0.008
[266.33] [27] [237.31] [23]
12.57 151 9.12 106 a
Iron (mg) <0.001
[5.57] [65) [4.97] [63]
. 143 71 93.99 55 a
Magnesium (mg) 0.028
[76.70] [44] [53.08] [28]
Phosphorus (mg) 903 97 599 81 0.072°
u
P g [272.26] [45] [261.31] [39]
. 1751 40 1025 25 a
Potassium (mg) <0.001
[859.98] [20] [573.85] [13]
) 2390 138 1852 114 a
Sodium (mg) 0.402
[1394.55] [97] [1261.08] [65]
) 6.14 90 412 65 a
Zinc (mg) 0.045
[4.07] [69] [2.21] [30]

SD Standard Deviation; "Mean percent intake relative to Dietary Reference Intake (DRI); *Mann Whitney; *P-value for % mean RDA where available or mean

absolute intakes.

(p=0.008) with children with TIDM consuming more
compared with control children, however this difference
disappeared after adjusting for energy intake
(p=0.218). Sodium intake was in excess for both
groups although no significant difference was noted
between the groups (p=0.402).

DISCUSSION

This study attempted to address the gap in
knowledge with regards to the current dietary intakes of
children with and without T1DM in Bahrain in order to
inform age and culture appropriate education packages
for this significant clinical population. The diets of both
children with and without TIDM were found to contain
excess protein and sodium and inadequate fiber,
vitamin D and calcium. Children with T1DM also
appeared to consume excess energy and fat compared
to their healthy counterparts.

Bahrain has experienced a rapid change in socio-
economic status over the past decades leading to a
substantial transformation in dietary habits and lifestyle.
Traditional diets which consisted of fish, vegetable,
legumes and brown bread have changed to more
westernized dietary patterns associated with low
intakes of dietary fiber and high intakes of fat, salt and
sugar [15-17]. Bahraini children are not immune to
these societal shifts becoming significant consumers of
fast foods and sugar-sweetened beverages, but low

consumers of fruit and vegetables [11-13]. Previous
researchers attempting to investigate dietary
differences between children with and without diabetes
in Europe have identified lower intakes of sugar-
sweetened soft drinks and higher intakes of fruit and
vegetables among non-diabetic children compared to
diabetic children [7], whilst Abdullah et al. [18] have
postulated that changes in dietary habits, low intakes of
foods rich in vitamin D and low breastfeeding rates,
might play a role in the high incidence of T1DM in Arab
countries.

The results of this study show higher intakes of
energy and fat among the children with TIDM, when
compared with non-diabetic children. These finding are
in agreement with findings from Western countries [7,
8, 19]. Excessive dietary fat is of particular concern in
children with diabetes as studies have shown that
people with TIDM are 10 times more likely to develop
cardiovascular disease as compared to an age
matched healthy population [6, 20]. Furthermore,
excess intakes of fat can lead to an acceleration of
blood vessel damage and a subsequent rapid
progression of atherosclerosis and cardiovascular
disease [21].

Fiber intake was well below the recommended RDA
values in both groups. Optimal fiber intakes have been
found to decrease the risk of heart disease, certain
cancers and type 2 diabetes mellitus [22]. Increasing
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fiber intake can help lower blood pressure, serum
cholesterol levels and has been found to be of benefit
in gastrointestinal disorders such as gastroesophageal
reflux disease, duodenal ulcer, diverticulits and
constipation [23]. Furthermore, an increased intake of
fiber can help improve glycemic control and insulin
sensitivity in individuals with diabetes [23].The average
protein intake of both children with TIDM and their
healthy counterparts was higher than the requirements.
Kidney disease is a major risk factor for people
suffering from diabetes [24]. Consumption within the
recommended dietary allowance for protein is
important as an excessive intake has been associated
with worsening glomerular filtration rates (GFR) in
people suffering from chronic kidney disease [25]. In
addition excess intakes of protein may be converted to
fat which could increase the risk of obesity later in life
[26].

Both groups of children had a low intake of vitamin
D and no significant difference was found between the
two groups. This is not consistent with the findings of
Bener et al., [27] who found that vitamin D deficiency
was higher in children with TIDM than non-diabetic
children in Qatar. Some studies have specifically linked
low 25-hydroxycholcalciferol levels with the increased
incidence of diabetes [28-30] with the presence of
vitamin D receptors in the pancreas cited as a strong
indicator for its role in insulin secretion and glucose
tolerance [31]. It is hypothesized that vitamin D has an
effect on insulin production by increasing intracellular
calcium concentration which results in the secretion of
insulin from the beta cells [31-33]. In a large birth
cohort study, Hypponen et al. found [28] that children
who were regularly supplemented with vitamin D in the
first year of life had a reduced risk of developing TIDM
[28]. These results are supported by the EURODIAB
sub-study group which found a reduction in the risk of
development of TIDM in supplemented children versus
non-supplemented [30]. However, in contrast, another
study [29] found no association between vitamin D
supplementation during the first year of life or maternal
supplementation and risk of T1DM development.
Failure to find an association could be due to variations
in design methodologies, differences in sample size or
sample population studied. Specifically the current
study only assessed current intakes of vitamin D in
children newly diagnosed with TIDM and their non-
diabetic counterparts rather than attempting to quantify
early-life exposure to vitamin D via diet or supplements
or actual vitamin D status which may be influenced by
factors other than diet alone. Children in both groups

consumed excess sodium and had potassium intakes
well below recommended levels — a combination which,
in early childhood, has been linked to hypertension
later in adulthood [34]. This is of particular concern in
children with T1DM as raised blood pressure increases
the risk of vascular damage and diabetes related
complications.

The current study was limited by the use of a single
24-hour dietary recall to assess dietary intake. The
authors acknowledge the possibility of under or over
reporting of food consumption in 24-hour dietary recalls
due to recall bias and the inability to reflect day-to-day
variations in intakes. The authors also recognize that
food intake at the time of diagnosis in children with
T1DM could have been impacted by the symptoms of
the disease itself which, aside from excessive urination,
may include excessive thirst and appetite.

CONCLUSION

This study provides support for continuing to
endorse the existing dietary guidelines [20] which
promote increased intakes of dietary fiber, fruit and
vegetables and limited intakes of fats and salt for
children with TIDM. The findings of this study should
be used to inform the design of future prospective and
intervention trials that focus on improving the diet of
both healthy children and children with TIDM. Further
in-depth investigation of the factors associated with the
food habits of diabetic children in the Middle East and
how these may change during their disease ‘journey’ is
urgently needed.
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