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Abstract

Background: Current prevalence estimates for diabetes in Arabian Gulf countries are some of the world's highest,
yet regional trends and contributing factors are poorly documented. The present study was designed to determine
temporal changes in the prevalence of impaired fasting glucose (IFG) and diabetes and associated factors in Kuwaiti
adults.

Methods: Data analysis from the nationally representative cross-sectional Kuwait National Nutrition Surveillance
System. 2745 males and 3611 females, aged 20-69 years, attending registration for employment or pensions and
Hajj Pilgrimage health check-ups or accompanying children for immunizations from 2002 through 2009 were
participated. Socio-demographic and lifestyle information, height and weight, and blood samples were collected.

Results: During the 8 years (2002-09), prevalences of IFG in males and females decreased by 7.4% and 6.8% and of
diabetes by 9.8% and 8.9% in males and females, respectively. Linear regression for blood glucose level with time,
adjusted for age, BMI, blood cholesterol and education level, showed a greater decrease in males than females
(1.12 vs 0.93 mmol/L); males also showed an increase in 2002-2003 followed by a marked decrease in 2006-2007
while females showed a significant decrease in 2008-2009. Both males and females showed the largest decrease in
the 2" half of the study accounting for the majority of the overall decrease (1.13 mmol/L for males and

0.87 mmol/I for females for the 4 years). Compared with 2002-03, the OR for IFG in males decreased with time, and
becoming significantly lower (OR=0.32; 95% Cl: 0.21-0.49) for 2008-09. In females, the OR for IFG decreased
significantly with time, except in 2006-07. Similarly, the OR for diabetes in males decreased to 0.34 (95% Cl: 0.24-
0.49) and in females to 0.33 (95% Cl: 0.22-0.50) in 2008-09. For both genders, age and BMI were independently
positively associated with IFG and diabetes, while education levels and smoking were negatively associated with
IFG and diabetes. No significant association was found for either hypercholesterolemia or exercise in either gender.

Conclusion: Continued monitoring of blood glucose is needed to see if negative trends observed in 2008-2009
endure and further research of contributing factors is required for development of targeted intervention strategies.

. J

Background accounts for an increasing number of hospital admis-

Hyperglycemia and diabetes prevalences are increasing
at an epidemic rate in many parts of the world, with
worldwide diabetes prevalence among adults aged 20—
79 years estimated to be 6.4% in 2010 and increasing to
7.7% by 2030 [1]. Diabetes is particularly prevalent in
the Arabian Gulf countries; Kuwait is in the top ten
countries in prevalence of diabetes [1] and diabetes
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sions [2].

This high level of diabetes is a major public health
concern as it is associated with increased risk for micro-
and macro-vascular complications, and of increased risk
of premature death as a consequence [3-5]. Impaired
glucose tolerance (IGT) and impaired fasting glucose
(IFG) are independent risk factors for diabetes [6]. In
2004, the WHO estimated that 3.4 million people glo-
bally died from consequences of high blood glucose
levels [7].
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One indirect factor contributing to the rise in diabetes
prevalence in Arabian Gulf countries may be the
increased wealth of the oil-producing countries includ-
ing Kuwait as the timing of increased wealth is asso-
ciated with a rapid increase in the prevalence of obesity,
diabetes mellitus and cardiovascular diseases [8]. Several
studies made an attempt to identify more direct risk fac-
tors for diabetes among Kuwaiti populations; however,
all were based on small and selected samples [9-12]. Fur-
ther, only a few took into account potential confounding
factors while examining these known risk factors [12]. In
addition, there are no reports of temporal changes in the
prevalence of diabetes and/or hyperglycemia among
the Kuwaiti population. Kuwait instituted the Kuwait
National Nutrition Surveillance (KNNS) in 1998 to
monitor changes in obesity and biochemical indicators
of chronic diseases including blood glucose levels. The
present study was carried out to determine 8 year trends
in prevalence of hyperglycemia and diabetes among
Kuwaiti adults since 2002, and to examine various socio-
demographic, biological and lifestyle factors that may
have contributed to variation in this prevalence.

Methods

Study design and population

A total of 6356 adults (2745 males and 3611 females)
ages 20 to 69 years from the KNSS for years 2002
through 2009 have been analyzed. The Administration
for Food and Nutrition, Ministry of Health in Kuwait
established the KNSS to continuously monitor the nutri-
tional health status of the Kuwaiti population using a
serial cross-sectional design. Adults attending mandatory
health examinations for registration for government em-
ployment or pensions (note: all Kuwaiti citizens have vir-
tually guaranteed employment and retirement pensions
and, according to the Public Authority for Civil Informa-
tion, 80% of employed Kuwaiti men and women worked
in the public sector in 2009) or attending mandatory
Hajj Pilgrimage health check-ups or accompanying chil-
dren for mandatory immunizations at local health cen-
ters were selected. Informed consent was sought from
each participant before data were collected. Refusal rates
were less than 5%. Pregnant women or with diagnosed
diabetes were excluded from the study. The study was
approved by the Ministry of Health, Kuwait.

Surveillance efforts began in 1998 with an assessment
of body weight, height and biochemical variables includ-
ing blood glucose (BG) together with information on
age, gender and education level. However, information
on fasting or non-fasting status during blood collection
was available only from late 2001. Subsequently, infor-
mation on smoking and exercise were added in 2003.
Education level was determined by asking whether they
were illiterate, or completed either primary, intermediary,
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secondary, diploma, undergraduate or postgraduate
levels. As Kuwaitis are generally engaged in office-work
involving only sedentary activities and do little house-
hold work, physical activity was defined as deliberate
non-work related exercise outside the home, such as
walking, running, or cycling. Those who smoked cigar-
ettes, sheesha (water-pipe) and/or cigars at least once
a day were defined as smokers.

Data collection

Weight and height of subjects was measured in light
clothing without shoes. Height was measured to the
nearest 0.1 cm, using a stationary height board calibrated
in cm. Body weight was measured to the nearest 0.1 kg
using a Seca electronic balance (Seca 770, Leicester,
UK).

Biochemical analysis

Finger prick blood samples were analyzed for BG levels
using an Accutrend GCT/Accutrend Alpha (Roche
Diagnostics GmbH, Mannheim, Germany). Serum total
cholesterol (TC) was measured using the Reflotron
(Boehringer- Mannheim, Mannheim, Germany).

Statistical analysis

Normal BG was defined as a fasting blood glucose (FBG)
level below 6.1 mmol/L. FBG of 6.1-6.9 mmol/L was
considered as IFG and >7.0 mmol/L as diabetes [13].
Hypercholesterolemia (HC) was classified as moderate
(TC 5.2 — 6.22 mmol/L) and high (TC > 6.22 mmol/L)
[14]. Cut-offs used to define overweight (BMI>25.0-
29.9 kg/m?) and obesity (BMI =30.0 kg/m?) were taken
from the World Health Organization [15]. Chi-square
test was performed for males and females separately to
detect overall differences in the prevalence of IFG and
diabetes with socio-demographic, biological and lifestyle
factors. Then differences between sub-groups for each of
the variables were examined by Z-test. As the preva-
lences of both IFG and diabetes in females were signifi-
cantly (P<0.001) lower than males, multivariate analyses
were performed males and females separately.

Trends in absolute FBG levels were examined using
multiple linear regression analysis with inclusion of year
of study, age, BMI, TC and education level, while trends
in prevalence of IFG and diabetes were examined using
multiple logistic regression analysis by four 2-year time
periods compared with 2002-03 for males and females
separately using both unadjusted model and after adjust-
ment for age, BMI, HC and education level categories.

A second model of logistic regression was used to
identify the risk factors associated with IFG and diabetes
in males and females separately by combining all study
years with age, BMI, HC, education level, exercise and
smoking categories included as independent variables.



Ahmed et al. BMC Public Health 2013, 13:103
http://www.biomedcentral.com/1471-2458/13/103

All statistical analysis was done using SPSS for Windows
(version 17 SPSS incorporation, Chicago, IL, USA).

Results

Table 1 shows the distribution of study participants by
various socio-demographic, biological and lifestyle vari-
ables within study periods. Overall, females constituted a
significantly higher proportion than males in all study
period. For both males and females, younger people
(20-29 vy) constituted the highest proportion (males:
322 - 36.2% & females: 29.7 - 39.5%) and older people
(60-69 y) the lowest proportion (males: 4.3 - 12.6% &
females: 3.6 - 5.3%) in all study periods. Across study
periods the prevalence of obesity varied from 31.7-
37.3% in males and 44.0-52.1% in females, of high-TC
from 5.0-17.3% in males and 6.7-16.2% in females, of
lower education level from 22.1-26.9% in males and
30.5-35.1% in females. Relatively more males (34.4 -

Table 1 Characteristics of study participants by study period
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44.6%) were reported to exercise than females (19.2 -
28.6%) and only a small number of females were smo-
kers (0.9 - 5.5%) compared to males (18.1 - 31.3%) across
all study periods.

Unadjusted prevalence of IFG increased slightly with
time until 2004—05 in males and then decreased to 6.0%,
a 61% decrease which was significant (P<0.05), in 2008—
09 (Table 2). In females, prevalence of IFG decreased
with time, except for 2006-07, with a significant
(P<0.05) decline to 5.3%, a 57% decrease, in 2008—09.
During the 8 years (2002—09), the prevalence of IFG in
males and females decreased by 7.4% and 6.8%, respect-
ively. In both genders, prevalence of diabetes also
decreased with time period. During the 8 year period
(2002-09), the prevalence of diabetes in males and
females fell by 9.8% and 8.9%, respectively. Prevalence of
both IFG and diabetes were higher in males than females
throughout the study period. However, for IFG the

2002-03 2004-05 2006-07 2008-09
Male Female Male Female Male Female Male Female
n % n % n % n % n % n % n % n %
Gender 932 441 1181 559 579 423 790 577 716 417 1003 583 518 448 637 552
Age Group (Year)
20-29 326 350 467 395 18 322 235 297 231 323 315 314 187 362 229 359
30-39 221 237 192 163 138 238 214 271 178 249 279 278 123 237 172 271
40-49 244 262 317 268 99 171 160 203 179 250 233 232 113 218 132 207
50-59 98 105 150 127 83 143 139 176 97 135 138 138 67 129 81 12.7
60-69 43 46 55 47 73 126 42 53 31 43 38 38 28 54 23 36
BMI Status
Normal (<25 kg/mz) 251 269 209 228 132 228 139 176 206 288 177 176 126 244 139 218
Overweight (25- <30 kg/m?) 386 414 347 294 231 399 257 325 264 368 304 303 212 409 218 342
Obese (=30 kg/mz) 295 317 565 478 216 373 394 499 246 344 522 521 180 347 280 440
Serum Cholesterol
Normal (<5.18 mmol/L) 627 673 849 719 290 501 417 528 332 464 513 511 354 708 413 688
Moderate hypercholestero\eh’ﬂa§ 212 227 223 189 194 335 245 310 260 363 336 335 121 242 147 245
High hypercholesteroIemiaﬂ 93 10.0 109 9.2 95 164 128 162 124 173 154 154 25 50 40 6.7
Education Level
Up to grade VIII 247 265 373 316 156 269 277 351 158 221 306 305 116 224 201 316
High school/Diploma 423 454 458 388 264 456 312 395 314 438 408 407 225 434 272 427
2 Undergraduate 262 281 350 296 159 275 201 254 244 341 289 288 177 342 164 257
Exercise
No 566 607 843 714 380 656 588 744 397 554 756 754 300 579 515 808
Yes 366 393 338 286 199 344 202 256 319 446 247 246 218 421 122 192
Smoking Status
No 741795 1116 945 474 819 781 989 49 693 989 986 356 687 631 99.1
Yes 191 205 65 55 105 181 09 1.1 220 307 14 14 162 313 06 09

SSerum cholesterol >5.18 but < 6.22 mmol/L. ¥ Serum cholesterol >6.22 mmol/L.
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Table 2 Prevalence of IFG and diabetes among Kuwaiti males and females by study period, socio-demographic,

biological and lifestyle factors

Male (n=2745)

Female (n=3611)

*

Variable n IFG Diabetes** n IFG Diabetes
Study Period

2002-03 932 134" 191" 1181 1219 149
2004-05 579 15481 168" 790 9.2 1385
2006-07 716 140" 12.2% 1003 1247 11.3%
2008-09 518 6.0°' 93 637 537 6.0°'
Age Group (Year)

20-29 930 9.1° 44 1246 8.2 34"
30-39 660 1.1 130" 857 89% 6.2°
40-49 635 1511 169" 842 119" 139!
50-59 345 168" 3047 508 140" 309
60-69 175 189" 406°' 158 158" 424°
BMI Status

Normal (<25 kg/m?) 715 95 8.5 724 6.8 36%
Overweight (25- <30 kg/m?) 1093 135" 148" 1126 962 9,12
Obese (=30 kg/m?) 937 138" 20,0 1761 123 175
Serum Cholesterol

Normal (<5.18 mmol/L) 1603 114% 12.7% 2192 9.8 10.2%
Moderate hypercholesterolemia® 787 13,7301 16.0°' 951 11.8% 135°
High hypercholesterolemia’ 337 15.7° 237 431 9.7% 1939
Education Level

Up to grade VI 667 1457 21481 1157 13.7¢ 2128
High school & diploma 1226 1229 135 1450 9.8 86%
Undergraduate and above 842 118" 119" 1004 74% 6.6
Exercise

No 1643 130" 169" 2702 104% 12.7%
Yes 1102 11.9% 1217 909 103% 10.2°"
Smoking Status

No 2067 138" 15.3% 3517 1052 11.9%
Yes 678 87" 13.7% 9 43" 17.0°"

n= total number of subjects.

“Fasting blood glucose level > 6.1 but <7.0 mmol/L; “Fasting blood glucose >7.0 mmol/L.

SSerum cholesterol >5.18 but < 6.22 mmol/L; "Serum cholesterol >6.22 mmol/L.

2b<prevalence value within a column with unlike superscript letters were significantly different (P<0.05) using Z -test.
123prevalence values across the rows for each listed variable with unlike numbers were significantly different (P<0.05) using Z-test.

difference was statistically significant (P<0.05) only in
2004—05 and for diabetes, it was significant (P<0.05) in
2002-03 and 2008-09.

IFG and diabetes prevalences were also affected by age
(Table 2). IFG prevalence in males increased significantly
(P<0.05) from 9.1% in the 2™ age decade to 18.9% in the
6. Diabetes prevalence also increased significantly with
increasing age decades, reaching a maximum (40.6%) in
the 6™ decade. In females, IFG prevalence increased sig-
nificantly (P<0.05) from 8.2% in the 2™¢ decade to 15.8%
in the 6™ decade. The diabetes prevalence also increased

with increasing age decades, reaching a maximum
(42.4%) in the 6" decade. There were no significant dif-
ferences in the prevalences of IFG and diabetes between
males and females throughout the age decades, except
for diabetes in females in the 2™ decades.

In both genders, the prevalence of IFG and diabetes
increased significantly with overweight and obesity, and
decreased with level of education, except for IFG in
males (Table 2). Diabetes prevalence increased signifi-
cantly with TC levels and decreased with any form of ex-

ercise. Both male and female smokers had lower
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prevalence of IFG with no significant changes in the
prevalence of diabetes.

Regression coefficients (B) indicated an overall
0.125 mmol/l yearly decrease in FBG (1 mmol/L for the
entire study period). Males had a greater decrease than
females (1.12 vs 0.92 mmol/L); they also showed an in-
crease in the 2002-2003 time segment followed by a
marked decrease in 2006—2007 while females showed a
significant time trend only within 2008—-2009 (Table 3).
Both males and females showed the largest decrease in
the 2™ half of the study accounting for the majority of
the overall decrease (1.13 mmol/L for males and
0.87 mmol/l for the 4 year period). The largest yearly
decreases for any confounder were for age >40y, particu-
larly for males. Males with less education or who were
obese also showed a greater change than the gender as a
whole.

Logistic regression analysis was used to determine
temporal trends in prevalence of IFG and diabetes for
2 year spans compared with 2002-03 using both un-
adjusted model and after adjusting for age, BMI, HC and
education levels for males and females separately. Al-
though unadjusted trends in prevalence of IFG and dia-
betes in both males and females were similar to that of
adjusted trends, there were slightly higher OR in each
study period. Therefore, we presented the adjusted OR
(Table 4). Compared with 2002-03, the odds ratio (OR)
of IFG in males decreased with time, and became
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Table 4 Odds Ratio (OR)* for IFG and diabetes associated
with study period among Kuwaiti males and females

IFG** Diabetes***
Study Period OR 95% Cl P-value OR 95%Cl P-value
Male
2002-03 1.00 1.00
2004-05 099 072 135 0.93 065 048 089 0.006
2006-07 088 065 118 036 052 039 071 0001
2008-09 032 021 049 0001 034 024 049 0001
Female
2002-03 1.00 1.00
2004-05 070 052 09 0024 078 058 104 009
2006-07 098 075 128 0867 076 057 100 0050
2008-09 032 021 049 0001 033 022 049 0001

*Adjusted for age, education, BMI and serum cholesterol level.
**Fasting blood glucose level > 6.1 but <7.0 mmol/L. ***Fasting blood
glucose >7.0 mmol/L.

significant (OR=0.32; 95% CI: 0.21-0.49) for 2008—09. In
females, the odds of IFG decreased significantly with
time period, except in 2006—07. There was a gradual sig-
nificant decrease in odds of diabetes with time period in
both males and females. Compared with 2002-03, the
OR for diabetes in males was 0.34 (95% CI: 0.24-0.49)
and in females was 0.33 (95% CI: 0.22-0.50) in 2008-09.
A second logistic regression model was carried out to
determine the contribution of all the investigated risk

Table 3 Linear regression analysis for predicting glucose levels for time within each study period segment, age

decade, BMI and education category

Male Female
N B ( mmol/L) P-Value N B ( mmol/L) P-Value

Study period

2002-3 931 0.685 0.0001 1180 -0.115 0456

2004-5 578 -0.133 0486 789 0.040 0.704

2006-7 715 -0513 0.001 1002 -0.128 0.240

2008-9 499 -0.227 0.173 636 -0.200 0.048

2002-5 1511 -0.082 0.207 1970 —-0.158 0.002

2006-9 1215 -0.282 0.0001 1639 -0.213 0.0001

Total 2726 —-0.140 0.0001 3610 -0.115 0.0001
Age Decades

20s & 30s 1582 -0.087 0.0001 2102 -0.102 0.0001

40s-60s 1143 -0.228 0.0001 1507 -0.119 0.0001
BMI Category (kg/m?)

<30 1798 -0.119 0.0001 1850 -0.122 0.0001

230 927 -0.171 0.0001 1759 -0.098 0.0001
Education Category

< High school or diploma 1890 -0.182 0.0001 2606 -0.114 0.0001

Undergraduate and above 835 —-0.096 0.002 1003 —-0.108 0.0001

B is the slope for regression line. Each variable was adjusted for others.
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factors of IFG and diabetes. When compared with the
2" age decade, the odds of having IFG increased signifi-
cantly from the 4™ age decade until the 6™ decade in
both males and females (Table 5). Both overweight and
obese males and females were significantly more likely
to have IFG than those with normal BMI Only in
females did the odds of IFG decrease significantly with
increased level of education. Compared with non-smo-
kers, the odds of IFG decreased significantly among
male and female smokers. No significant association was
found for either hypercholesterolemia or exercise in ei-
ther gender.

Similarly, the odds of diabetes increased significantly
with age from the 2" until the 6™ decade in both gen-
ders. Both overweight and obese males and females were
significantly more likely to be diabetic than those with
normal BMIL The odds of diabetes decreased signifi-
cantly with increased level of education in both genders.
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No significant association was found with HC, exercise
or smoking in either gender (Table 5).

Discussion

Temporal changes in unadjusted prevalence of IFG and
diabetes among Kuwaiti adults in the 8 years since 2002
show a significant decrease in both males and females.
When adjusted for age, BMI, HC and education level, lo-
gistic regression analysis showed that, compared with
2002-03, both males and females remained significantly
less likely to be diabetic and/or to have IFG in 2008—09
and thus confirmed the declining trends in both IFG
and Diabetes among Kuwaiti adults. Time trend data for
the region that can be used for comparison: a study
among Iranians showed an increased trend for diabetes
from 2005 to 2007 [16], as did data from Oman for
1991-2000, Saudi Arabia for 1993-2000, and UAE for
1995-2000 [8]. However, these studies represented

Table 5 Odds Ratio (OR) for IGT and diabetes associated with selected socio-demographic, biological and lifestyle

factors among Kuwaiti males and females

IFG* Diabetes**
Male Female Male Female
OR 95%Cl P-value OR 95%Cl P-value OR 95% Cl P-value OR 95% Cl  P-value

Age Decade (Year)
20-29 1.00 1.00 1.00 1.00
30-39 123 087 172 0241 09 069 132 0783 294 198 437 0001 151 099 231 0.059
40-49 171 123 239 0002 137 100 188 0050 422 285 626 0001 353 240 518 0.001
50-59 241 163 355 0001 201 139 290 0001 948 625 1437 0001 908 610 1352 0001
60-69 338 204 560 0001 257 148 445 0001 1627 1002 2642 0001 1485 898 2457 0.001
BMI Status
Normal (<25 kg/mz) 1.00 1.00 1.00 1.00
Overweight (25- <30 kg/mz) 139 1.02 191 0040 140 097 202 0070 143 102 200 0038 182 114 289 0012
Obese (230 kg/m?) 159 115 219 0006 177 125 251 0001 214 153 298 0001 288 185 467 0001
Serum Cholesterol Status
Normal (<5.18 mmol/L) 1.00 1.00 1.00 1.00
Moderate hypercholesterolemia® 107 082 140 0634 104 081 134 0764 091 070 119 0507 091 071 118 0491
High hypercholesterolemiaﬂ 128 090 182 0173 084 058 121 0340 132 095 183 009 122 089 166 0217
Education Level
Up to Grade VIII 1.00 1.00 1.00 1.00
High school & diploma 085 063 114 0278 075 058 098 0038 079 060 104 0095 073 056 095 0021
Undergraduate and above 079 057 1.09 0158 058 042 080 0.001 068 050 092 0014 065 047 090 0.009
Exercise
No 1.00 1.00 1.00 1.00
Yes 097 076 123 0792 101 078 130 095 082 064 104 0105 084 065 1.10 0206
Smoking
No 1.00 1.00 1.00 1.00
Yes 068 050 093 0015 036 013 1.00 0.050 120 091 159 0200 1.08 058 203 0803

“Fasting blood glucose is >6.1 but <7.0 mmol/L. **Fasting blood glucose >7.0 mmol/L.

SSerum cholesterol is >5.18 but < 6.22 mmol/L. "Serum cholesterol is >6.22 mmol/L.
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earlier data collection period comparable to the earlier
part of our study except Iranian study (2005-07).

The overall crude prevalences of IFG and diabetes
were significantly higher in males than females. When
the data were stratified by study periods, the prevalence
of IFG in males was significantly higher than females
only in 2004-05, and for diabetes, it was higher in males
than in females in 2002—-03 and 2008-09. The results of
linear regression showed a greater decrease over time in
males and closer values between the genders in 2008-
2009. When logistic regression was carried out with
combined genders, after adjusting for various factors,
females were less likely to have IFG (OR: 0.65; 95% CI:
0.55-0.77) and/or diabetes (OR: 0.63; 95% CI: 0.53-0.75)
than males. A similar gender difference in diabetes has
recently been reported in Kuwaitis [12], though a lower
prevalence of diabetes was reported in Kuwaiti males in
an earlier study [17]. Studies from other countries in the
region also reported mixed results. Men had higher pre-
valences of diabetes in Saudi Arabia [18], Oman [19],
Yemen [20] and Jordan [21], while women had higher
prevalences in Iran [16], UAE [22] and Bahrain [23].
These variabilities between countries in diabetes with
gender may reflect the variation in other factors that can
influence diabetes including patient identification. Fur-
ther, in the present study we found a significant inter-
action of education level and gender with the prevalence
of IFG and diabetes. Thus, it is also possible that some
of the “confounders” that we adjusted for in our analysis
altered the apparent gender differences.

In the present study we also explored the association
of selected socio-demographic (age, education), bio-
logical (BMI and serum TC) and lifestyle (exercise and
smoking) factors. As observed in earlier studies among
Kuwaitis [12,17], and as would be expected, age was
found to be an important predictor of IFG and diabetes
prevalence for both genders in the present study. The
odds of IFG and diabetes increased with age until the 6™
decade in both genders. A similar age related change in
diabetes has also been reported in other studies in the
Arab Gulf region [16,18,22,24].

In the present study, both overweight and obese males
and females were more likely to have IFG and diabetes
which are in accordance with the findings from other
countries in the region [9,18,25-28] where a consistently
positive association of overweight and obesity with dia-
betes is demonstrated. It is known that adipocytes (fat
cells) secrete a number of adipocyte hormones and
adipokines, which may in turn increase the risk of dia-
betes via several pathways such as increasing insulin
resistance [29].

Unadjusted prevalence of diabetes was significantly
higher in both genders with moderate-HC and high-HC
than in individuals with normal cholesterol level. After
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adjusting for confounding factors in logistic regression,
the OR for diabetes in males (OR: 1.32; 95% CI: 0.95-
1.83) and females (OR: 1.22; 95% CI: 0.89-1.66) were
higher in those with high-HC than the subjects with
normal cholesterol level, however they did not reach the
level of significance.

More highly educated females were significantly less
likely to have IFG or diabetes in our study, but only
highly educated (undergraduate or above) males were
less likely to be diabetes. An earlier study in Kuwaiti
adults also showed that higher education level was asso-
ciated with a significant reduction in blood glucose
levels [30]. Furthermore, a lower education level has
been found to be associated increased likelihood of dia-
betes among Bahrainis [23], Omanis [24] and Iranians
[31]. It is possible that those who were more highly edu-
cated may have greater awareness of the risk factors of
hyperglycemia and diabetes, and thus more likely to
practice more effective preventing measures. However,
higher education had no significant impact on IFG
prevalence in Kuwaiti males implying that they are either
less aware of the risk factors of hyperglycemia.

The prevalence rates indicate that both males and
females who were exercising were possibly less likely to
be diabetic than those who were not exercising. How-
ever, the results (odds ratio) were not statistically signifi-
cant when adjusted for other confounders including
BMI supporting excess body weight as the primary risk
factor. Kuwaitis who participate in even moderate exer-
cise have been shown to have delayed weight gain with
age [32]. In a recent study we have also reported that
the Kuwaiti males who exercised were significantly less
likely to be obese [33]. Since we do not have any infor-
mation on the duration and intensity of the exercise it is
difficult interpret the present findings.

We found that both males and females who were smo-
kers were significantly less likely to have IGF than non-
smokers even when adjusted for age and BMI, though
no significant association between smoking and diabetes
was observed. Studies from UAE [28] and Qatar [25]
showed that smokers were more likely to be diabetic
than non-smokers, while a longitudinal study in Iranian
adults found no association with smoking and incidence
of diabetes [31]. It is important to note that most pro-
spective studies have shown higher risk of diabetes for
smokers, especially those who smoke more than 1
packet per day [34]. Unfortunately, in the present study
we do not have information on the frequency/intensity
and duration of the smoking. Further, it should be noted
that smoking may not be a protective for IFG. Since the
study is cross sectional, no cause and effect could be
determined.

This study has a number of limitations. The preva-
lences of IFG and diabetes were estimated by single
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measurement of blood glucose using Accutrend GCT,
which could introduce some errors. However, given that
the survey included a relatively large population-based
sample it is unlikely that the true prevalence will be dif-
ferent than that we have reported here. Further, in the
present study those with known diabetes (those taking
oral agents or insulin) were excluded. It is possible that
this number has been increasing over time with more at-
tention to diabetes and its treatment by Physicians, and
thus our estimation of diabetes might have underesti-
mated the prevalence in recent years, but the prevalence
is still alarmingly high. Given its cross-sectional nature
no causal relationship of socio-demographic and lifestyle
factors with IFG and diabetes prevalence can be estab-
lished. There was no information on the frequency/in-
tensity and duration of the smoking and exercise
pattern. More carefully designed studies that capture
lifetime exercise, smoking and food intakes are needed
to explore these potential associations between lifestyle
factors and hyperglycemia. While efforts were made to
obtain representative samples, the KNSS uses conveni-
ence sampling and thus the results of the present may
not be representative of the wider population. Neverthe-
less, the main strength of this study is that it includes a
relatively large population-based sample so it is likely
that the true situation will not be different, on the whole,
than reported here.

Conclusion

A decrease in the prevalence of IFG and diabetes was
observed between 2002-03 and 2008-09 even when
data was adjusted for known variables such as age and
obesity and the suspected confounders education level,
smoking and exercise. Continued monitoring is needed
to determine if these decreases are persistent, as well as
more detailed assessments of exercise and other con-
founders to determine the magnitude and duration
needed to be protective. Lastly inclusion of those under-
going treatment for diabetes would facilitate evaluation
of existing identification and treatment programs, and of
the total prevalence of diabetes

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

FA and CW took the lead in the study concept, analysis and wrote the
manuscript. MAA provided guidance on data collection and contributed to
writing. AA contributed in writing the manuscript. PP was responsible for
data collection, management and cleaning. All authors read and approved
the final manuscript.

Author details

"Nutrition and Dietetics, School of Public Health and Griffith Health Institute,
Griffith University, Gold Coast Campus, Queensland 4222, Australia. ’Middle
East Monitor, Washington, DC, USA. *Community Nutrition Promotion
Department, Food and Nutrition Administration, Ministry of Health, Safat,

Page 8 of 9

Kuwait. “Department of Family Sciences, College for Women, Kuwait
University, Safat, Kuwait.

Received: 19 July 2012 Accepted: 8 January 2013
Published: 5 February 2013

References

1. Shaw JE, Sicree RA, Zimmet PZ: Global estimates of the prevalence of
diabetes for 2010 and 2030. Diabet Res Clin Pract 2010, 87:4-14.

2. Al-Adsani AMS, Abdulla KA: Reasons for hospitalizations in adults with
diabetes in Kuwait. Int/ J Diabet Mell 2011, doi:10.1016/}.ijdm.2011.01.008.

3. Klein R: Hyperglycemia and microvascular and macrovascular disease in
diabetes. Diabetes Care 1995, 18:258-268.

4. Laakso M: Hyperglycemia and cardiovascular disease in type Il diabetes.
Diabetes 1999, 48:937-942.

5. Elhadd TA, Al-Amoudi AA, Alzahrani AS: Epidemiology, clinical and
complications profile of diabetes in Saudi Arabia: A review. Ann Saudi
Med 2007, 4:241-250.

6. Levitan B, et al: Is non-diabetic hyperglycaemia a risk factor for
cardiovascular disease? A meta-analysis of prospective studies. Arch
Intern Med 2004, 164:2147-2155.

7. World Health Organization: Diabetes fact sheet, August 2011. Geneva: WHO;
2011,

8. Ng SW, Zaghloul S, Ali HI, Harrison G, Popkin BM: The prevalence and
trends of overweight, obesity and nutrition-related non-communicable
disease in Arabian Gulf States. Obesity Rev. 2010, 12:1-13.

9. Abdella N, Al-Arouj M, Al-Nakhi A, Al-Assoussi A, Moussa M: Non-insulin-
dependent diabetes in Kuwait: Prevalence rates and associated risk
factors. Diabet Res Clin Pract 1998, 42(3):187-196.

10.  Abdella N, Al-Nakhi A, Al-Arouj M, Al-Assoussi A, Moussa M: Impact of the,
1997 American Diabetes Association criteria on classification of glucose
intolerance among Kuwaitis below 50 years of age. Acta Diabetol 1999,
36(3):133-140.

11, Jackson RT, Al-Mousa Z, Al-Raqua M, Prakash P, Muhanna AN: Multiple
coronary risk factors in healthy older Kuwait males. Eur J Clin Nutr 2002,
56:709-714.

12. Shah NM, Behbehani J, Shah MA: Prevalence and correlates of major
chronic illnesses among older Kuwaiti Nationals in two Governorates.
Med Principles Pract 2010, 19:105-112.

13. World Health Organization: Screening for Type-2 diabetes: Report of the World
Health Organization and International Diabetes Federation Meeting. Geneva:
WHO; 2003.

14.  Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults: Summary of the second report of the National
Cholesterol Education Program (NCEP). J Am Med Assoc 1993, 269
(23):3015-3023.

15. World Health Organization: Obesity: Preventing and Managing the Global
Epidemic. Geneva: WHO Obesity Tech Rep Ser. 894. WHO; 2000.

16. Esteghamati A, Meysamie A, Khalilzadeh O, Rashidi A, Haghazali M, Asgari
F, Kamgar M, Gouya MM, Abbasi M: Third national surveillance of risk
factors of non-communicable diseases (SURFNCD-2007) in Iran:
methods and results on prevalence of diabetes, hypertension, obesity,
central obesity and dyslipidemia. BMC Publ Health 2009, 9:167.
doi:10.1186/1471-2458-9-167.

17. Abdella N, Khogali M, Al-Ali S, Gumaa K, Bajaj J: Known type 2 diabetes
mellitus among the Kuwaiti population; A prevalence study. Acta
Diabetol 1996, 33(2):145-149.

18.  Al-Nozha MM, Al-Maatoug MA, Al-Mazrou YY, Al-Harthi SS, Arafah MR, Khalil
MZ, Khan NB, Al-Khadra A, Al-Marzouki K, Nouh MS, Abdullah M, Attas O, Al-
Shahid MS, Al-Mobeireek A: Diabetes mellitus in Saudi Arabia. Saudi Med J
2004, 25(11):1603-1610.

19.  Al-Lawati JA, Al-Riyami AM, Mahammed AJ, Jousilahti P: Increasing
prevalence of diabetes mellitus in Oman. Diabet Med 2000, 19:954-957.

20.  Al-Habori M, Al-Mamari M, Al-Meeri A: Type Il diabetes mellitus and
impaired glucose tolerance in Yemen: prevalence, associated metabolic
changes and risk factors. Diabet Res Clin Pract 2004, 65:275-281.

21, Ajlouni K, Jaddou H, Batieha A: Diabetes and impaired glucose tolerance
in Jordan: prevalence and associated risk factors. J Intern Med 1998, 244
(4):317-323.

22. Malik M, Bakir A, Saab BA, Roglic G, King H: Glucose intolerance and
associated factors in the multi-ethnic population of the United Arab


http://dx.doi.org/10.1016/j.ijdm.2011.01.008
http://dx.doi.org/10.1186/1471-2458-9-167

Ahmed et al. BMC Public Health 2013, 13:103
http://www.biomedcentral.com/1471-2458/13/103

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Emirates: results of the national survey. Diabet Res Clin Pract. 2005,
69:188-195.

Musaiger AO, Al-Mannai MA: Social and lifestyle factors associated with
diabetes in the adult Bahrani population. J Biol Sci 2002, 34(2):277-287.
Al-Moosa S, Allin'S, Jemiai N, Al-Lawati J, Mossialos E: Diabetes and
urbanization in the Omani population: an analysis of national survey
data. Popn Health Metrics 2006, 4:5. doi:10.1186/1478-7954-4-5.

Bener A, Zirie M, Al-Rikabi A: Genetics, obesity, and environmental risk
factors associated with type 2 diabetes. Croat Med J 2005, 46(2):302-307.
Hosseinpanah F, Rambod M, Azizi F: Population atributable risk for
diabetes associated with excess weight in Tehranian adults: a
population-based cohort study. BMC Publ Health 2007, 7:328. doi:10.1186/
1471-2458-7-328.

Zindah M, Belbeisi A, Walke H, Mokdad AH: Obesity and diabetes in
Jordan: Findings from the behavioral risk factor surveillance system,
2004. Prev Chron Dis 2008, 5(1). http://www.cdc.gov/issues/2008/jan/
06_0172.htm. Accessed on 19.08.2011.

Baynouna LM, Revel AD, Nagelkerke NJD, Jaber TM, Omar AO, Ahmed NM,
Nazirudeen MK, Al-Sayed MF, Nour FA, Abdouni S: Associations of
cardiovascular risk factors in Al-Ain, United Arab Emirates. Cardio Diabet
2009, 8:21. doi:10.1186/1475-2840-8-21.

Bray GA: Medical consequences of obesity. J Clin Endocrinol Metab 2004,
89(6):2583-2589.

Jackson RT, Al-Mousa Z, Al-Raqua M, Prakash P, Muhanna A: Prevalence of
coronary risk factors in healthy Kuwaitis. Int J Food Sci Nutr 2001, 52
(4):310-311.

Harati H, Hadaegh F, Saadat N, Azizi F: Population-based incidence of
Type-2 diabetes and its associated risk factors: results from a six-year
cohort study in Iran. BVMC Publ Health 2009, 9:186. doi:10.1186/1471-2458-9-
186.

Ramadan J, Barac-Nicto M: Low frequency physical activity insufficient for
aerobic conditioning is associated with lower body fat than sedentary
conditions. Nutrition 2001, 17:225-229.

Ahmed F, Waslien C, Al-Sumaie MA, Prakash P: Secular trends and risk
factors of overweight and obesity among Kuwaiti adults: National
Nutrition Surveillance Data from 1998 to 2009. Public Health Nutr 2012,
doi:10.1017/51368980011003685.

Eliasson B: Cigarette smoking and diabetes. Prog Cardiov Dis 2003, 45
(5):405-413.

doi:10.1186/1471-2458-13-103

Cite this article as: Ahmed et al.: Trends and risk factors of
hyperglycemia and diabetes among Kuwaiti adults: National Nutrition
Surveillance Data from 2002 to 2009. BMC Public Health 2013 13:103.

Page 9 of 9

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J



http://dx.doi.org/10.1186/1478-7954-4-5
http://dx.doi.org/10.1186/1471-2458-7-328
http://dx.doi.org/10.1186/1471-2458-7-328
http://www.cdc.gov/issues/2008/jan/06_0172.htm
http://www.cdc.gov/issues/2008/jan/06_0172.htm
http://dx.doi.org/10.1186/1475-2840-8-21
http://dx.doi.org/10.1186/1471-2458-9-186
http://dx.doi.org/10.1186/1471-2458-9-186
http://dx.doi.org/10.1017/S1368980011003685

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design and population
	Data collection
	Biochemical analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


