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Prevalence of type 2 diabetes and
other cardiovascular risk factors in
a semirural area in Yemen
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ABSTRACT The study determined the prevalence of type 2 diabetes, abnormal glucose tolerance and
other cardiovascular risk factors in a sample of 250 adults aged > 35 years in a semirural area near
Sana’a, the capital of Yemen,. The overall crude prevalence of diabetes was 10.4% (95% CI: 6.6%—
14.2%) and the age-standardized rate was 6.3% (95% CI: 5.4%-7.2%). The age-standardized rate of
having either impaired fasting glucose or impaired glucose tolerance was 9.0% (95% CI: 6.0%—12.0%)
and the age-standardized prevalence of hypertension was 14.2% (95% CI: 13.0%—-16.0%). Age and
waist circumference were independently related to total glucose intolerance. The observed high fre-
guency of central obesity suggests a dietary origin for these adverse health conditions.

Prévalence du diabéte de type 2 et des autres facteurs de risque cardio-vasculaire en zone
semi-rurale au Yémen

RESUME L’étude a déterminé la prévalence du diabéte de type 2, de I'abaissement de la tolérance
au glucose et des autres facteurs de risque cardio-vasculaire au sein d'un échantillon de 250 adultes
agés de 35 ans et plus résidant en zone semi-rurale prés de Sanaa, la capitale du Yémen. La préva-
lence brute globale du diabéte était de 10,4 % (IC,,, : 6,6-14,2 %) et le taux normalisé selon l'age
de 6,3 % (IC,, ,, : 5,4-7,2 %). Le taux normalisé selon I'age de l'intolérance au glucose a jeun et de
I'abaissement de la tolérance au glucose a été établi a 9,0 % (IC, ,, : 6,0-12 %), tandis qu'en ce qui
concerne I'hypertension artérielle la prévalence normalisée selon I'age était de 14,2 % (IC, ,,: 13,0-16,0 %).
Il est apparu une relation indépendante entre I'age, d’une part, et le tour de taille, d’autre part, et I'into-
|érance au glucose totale. La fréquence élevée de I'obésité centrale que I'on a pu observer évoque une
origine alimentaire pour ces pathologies.
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Introduction

Type 2 diabetes mellitus is the epidemic
of the new millennium [/]. An apparent
epidemic of diabetes has occurred in the
adult population throughout the world. At
least 100 million people today suffer from
type 2 diabetes, but by 2010, 215 million
people are projected to have the disease [2].
It is the populations in developing coun-
tries and the minority or disadvantaged
communities in the developed countries
who now face the greatest risk [3]. This
phenomenon is believed to be associated
with the drastic change in dietary habits that
accompanies either the modernization of
these traditional populations or migration to
developed countries where diets are of the
Western type [4,5]. This finding was ex-
plained by the observation that the diets in
industrialized countries have a “high energy
density” compared with traditional ones.
It was also proposed that with moderniza-
tion and migration, traditional populations
consume dietary sucrose in genetically un-
known forms and dietary fat in genetically
unknown quantities thus leading to harmful
metabolic consequences, including obesity
and type 2 diabetes [5].

The prevalence of type 2 diabetes mel-
litus in a country can rise over the relatively
short period of 1 to 2 decades as more peo-
ple become urbanized [6]. Epidemiological
studies have shown that major risk factors
for type 2 diabetes mellitus include in-
creasing age, greater obesity, unfavourable
fat distribution, physical inactivity, excess
dietary fat, hyperinsulinaemia and genetic
susceptibility [7].

In the countries of the Eastern Mediter-
ranean Region, socioeconomic develop-
ment and changes of lifestyle have been
accompanied by the emergence of diabetes
as a major health problem. For type 2 dia-
betes in adults, the risk is higher in urban
than in rural people, and in all populations

the prevalence increases with advancing
age [8].

In Yemen, our knowledge about the
epidemiology of diabetes mellitus remains
poor, and there is little information avail-
able on this issue in the international lit-
erature. Thus, the aim of our study was to
determine the prevalence of type 2 diabetes
mellitus, impaired glucose tolerance (IGT),
impaired fasting glucose (IFG) and other
cardiovascular risk factors among the adult
population in a semirural area near the
capital city, Sana’a.

Methods

The semirural area of Hamdan, approxi-
mately 20 km from Sana’a was chosen for
the survey. This mountainous area consists
of 4 districts including 16 small villages
with a total population of 70 478 inhabit-
ants. Residents aged > 35 years were es-
timated to account for 33% of the total
population according to the 1994 census
[9]. Health services in this area are provided
by 1 health centre.

Sample

The sample size was calculated using Epi-
Info, version 6.02, taking into consideration
the following criteria: target population
(men and women aged > 35 years) =23 258;
expected frequency = 5.0% (no previous
population-based study exists on diabetes
in Yemen); worst acceptable result = 2.5%;
sample size, with 95% confidence level =
288 people.

In order to secure a representative sam-
ple of the study population, a multistage
random technique was used [ /0]. The names
of eligible people by sex from the randomly
selected households were registered in a
list which was used for preparing invita-
tions to the survey and for monitoring the
response. People were invited to attend on
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a specific day during a 3-week period in
August 2000.

Data collection

The survey team comprised medically qual-
ified personnel who were carefully trained
how to conduct the fieldwork and were
supervised by the authors. The participants
arrived in the morning (08:00-09:00 hours)
after an overnight fast. After registration,
the medical history was taken and a clinical
examination and blood test were carried out.
We used the World Health Organization
(WHO) standard field guide for diabetes
and noncommunicable disease risk factor
surveys [/1].

Demographic data. Demographic data
collected included name, sex, age, address,
level of education and occupation of head of
household. Social class classification, based
on occupation of the head of household,
included administrative/professional (social
class 1), business (social class 2), skilled la-
bour (social class 3), manual labour (social
class 4 and 5) unemployed and pensioner.

Medical history. Medical history con-
sisted of history of hypertension and diabe-
tes in the index subject and/or first-degree
relatives, consanguinity of parents, occu-
pational and leisure physical activity and
smoking habit. Obstetric history in women
included the number of babies born alive or
dead and number of miscarriages.

Clinical data. Clinical examination in-
cluded height and weight measurement
and calculation of body mass index (BMI),
waist and hip measurement and calculation
of waist-to-hip ratio (WHR), and measure-
ment of systolic and diastolic blood pressure
(BP). Height was measured without shoes
with the person standing erect on a flat
surface and it was recorded to the nearest
centimetre. Weight was measured with the
person wearing light clothing and recorded
to the nearest 0.1 kg. Waist circumference

was measured twice using a special tape
and averaged to the nearest centimetre with
the person standing. The measurement was
made half way between the lower border of
the ribs and the iliac crest, normally with
the tape horizontal. Hip circumference was
measured twice using the same tape and
was averaged to the nearest centimetre.
Measurement was made at the maximum
circumference, which is normally at the
level of the greater trochanter with the per-
son standing sideways to the investigator.

BMI (kg/m?) was calculated and classi-
fied as follows [/ /]: normal (BMI 18.5-24.9
kg/m?), grade 1 overweight (BMI 25.0-29.9
kg/m?), grade 2 overweight (30.0-39.9 kg/
m?) and grade 3 overweight (BMI > 40
kg/m?). The circumferences of waist and
hip were used for calculation of the WHR.
Central obesity was defined as a WHR >
0.85 for women and > 0.95 for men [/]].
High-risk abdominal adiposity was also
defined as a waist circumference > 88 cm
for women and > 102 cm for men [/2].

BP was measured and evaluated using a
mercury sphygmomanometer and a stand-
ard clinical protocol according to the JNC-
VI report [13]. Two readings of the systolic
and diastolic BP separated by 2 minutes
were averaged to the nearest 2 mmHg from
the top of the mercury meniscus. Systolic
BP was recorded at the first appearance of
sounds, and diastolic BP at phase V at the
disappearance of sounds. Hypertension was
defined as systolic BP > 140 mmHg and/or
diastolic BP >90 mmHg. The validity of the
weight scales and sphygmomanometers was
ensured by calibration prior to their use.

The final step was measurement of the
capillary whole blood glucose concentra-
tion in the fasting state and 2 hours after an
oral glucose load of 75 g of anhydrous glu-
cose dissolved in 250 mL water according
to a standard protocol [/4]. For those with
a previous diagnosis of diabetes who were
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on regular treatment with oral hypoglycae-
mic agents or insulin, blood glucose was
measured in the fasting state and 2 hours
after breakfast. The capillary whole blood
glucose was measured in mmol/L using a
blood glucose meter, Super Glucocard GT-
1640, and Glucocard Test Strip II (Arkray
Inc., Kyoto, Japan). The validity of these
glucometers was measured by comparing
their readings with those of an autoanalyser
(Alcyon 300, Abbott Laboratories, USA).
Using the current WHO criteria [ /4], diabe-
tes mellitus was defined as 2-hour capillary
whole blood glucose concentration > 11.1
mmol/L, and IGT as a fasting capillary
whole blood glucose concentration < 6.1
mmol/L and 2-hour capillary whole blood
glucose concentration from > 7.8 mmol/L
to < 11.1 mmol/L. IFG was defined accord-
ing to the recently introduced American
Diabetes Association (ADA) criteria [/5]
as a fasting capillary whole blood glucose
concentration from > 5.6 mmol/L to < 6.1
mmol/L, and 2-hour capillary whole blood
glucose concentration < 7.8 mmol/L.

Analysis

Data were collected in a personal computer
and statistical analysis was conducted us-
ing 3 statistical software packages: SPSS,
version 9.00, Epi-Info, version 6.02, and
Confidence interval analysis (CIA), version
1.0 [16].

The prevalence rates and 95% confi-
dence interval (CI) of diabetes, IGT, IFG,
either [FG or IGT, and hypertension for the
age range 30-64 years of the population
in Yemen were calculated using the world
population as the standard [/7,/8]. Accord-
ing to this method, the prevalence rates were
standardized for age in a truncated age range
of 30-64 years using 10-year age groups and
the Yemen standard population for the year
2000. An epidemicity index of diabetes in
the study population was also calculated ac-

cording to the method described by Dowse
et al. [/9] as the percentage of total glucose
intolerance (TGI) made up by IFG/IGT, i.e.
(IFG/IGT % 100)/TGI.

Continuous variables were expressed
as means [standard deviation (SD)] and
a 2-tailed #-test was used for calculating
statistical significance. Multiple linear re-
gression analysis was computed using the
SPSS package to indicate the predictors of
blood glucose and BP values.

Univariate and stepwise multivariate
logistic regression analysis were also com-
puted using the SPSS package to define the
odds ratio (OR) of risk factors independ-
ently related to glucose intolerance. The
CIA software package was used to calculate
the 95% CI in order to indicate precision
of sample estimate, the variability of the
characteristics being studied and the degree
of confidence required. P < 0.05 was taken
as statistically significant.

Results

A total of 288 people aged > 35 years were
invited to participate in the survey. Females
represented 52% of the total sample. The
number of people responding was 250,
representing an overall participation rate of
86.8%.

The median age of the study sample was
50 years (range 35-90 years). The mean age
was 55.9 (SD 14.9) years for men and 46.8
(SD 10.2) years for women. The baseline
characteristics of the study sample (data not
shown) indicated that 50% of men and 89%
of women were illiterate; and that 85.6% of
the sample belonged to social class 4 and 5
combined (nonskilled manual labour) and
7.6% to social class 3 (skilled labour). Cur-
rent smoking was reported by 36.6% of men
and 11.8% of women. About 18% had first
or second cousin consanguineous parents. A
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family history of diabetes and hypertension
among first-degree relatives was reported
only by 5.2% and 6.0% of the study sample
respectively. However, the frequency of
family history of diabetes among the first-
degree relatives of participants with TGI
was significantly higher than among the
relatives of those with normal glucose toler-
ance (12.7% versus 2.7%, OR = 5.3, 95%
CIL: 1.5%—19.6%, x> = 9.6, P = 0.002).

Crude and age-standardized prevalence
rates of diabetes, IGT, IFG, and either IFG
or IGT are shown in Table 1. The overall
crude prevalence of diagnosed and undiag-
nosed diabetes was 10.4% (95% CI: 6.6%—
14.2%) with a slightly higher rate in women
(11.0%) than in men (9.8%). Among those
with diabetes, 50% of the men and 57%
of the women were newly diagnosed. The
age-standardized prevalence of diabetes for
age range 3064 years was 6.3% (95% CI:
5.4%-7.2%) with a higher rate in women
8.6% (95% CI: 7.4%-9.8%) than in men
3.5% (95% CI: 2.6%—4.4%). In general, the
prevalence of diabetes (either diagnosed or
undiagnosed) increased with age.

The overall crude prevalence of IGT
was 11.2% (95% CI: 7.3%-15.0%) with a
slightly higher rate in men (13.0%) than in
women (9.5%) (Table 1). The age-standard-
ized prevalence of IGT for age range 30-64
years was 6.0% (95% CI: 5.0%—-7.0%) with
a higher rate in women 6.8% (95% CI:
5.5%-8.0%) than in men 4.6% (95% CI:
3.1%-6.1%). The overall crude prevalence
rate of IFG was 3.6% (95% CI: 1.7%—6.7%)
with a higher prevalence in women (5.5%)
than in men (1.6%). The age-standardized
prevalence rate of IFG for age group 30-64
years was 2.8% (95% CI: 1.9%-3.8%) with
a higher rate in women 4.2% (95% CI:
3.3%-5.0%) than in men 1.0% (95% CI:
0.0%—1.6%).

The overall crude prevalence of people
having either IFG/IGT was 14.8% (95% CI:

10.4%—19.2%) with a slightly higher rate in
women (15.0%) than in men (14.6%) (Table
1). The age-standardized prevalence rate of
either IFG/IGT for age range 3064 years
was 9.0% (95% CI: 6.0%—12.0%) with
a higher rate in women 10.9% (95% CI:
7.1%—-14.7%) than in men 5.7% (95% CIL:
2.8%—8.6%). In general, the prevalence of
either IFG/IGT increased with age.

The overall crude prevalence of TGI
(diabetes, IFG and IGT combined) was
25.2% (95% CI: 19.8%-30.6%) with a
slightly higher rate in women 26.0% (95%
CI: 18.4%-33.6%) than in men 24.4% (95%
CIL: 16.8%-32.0%). The age-standardized
prevalence of TGI for age range 30—64 years
was 19.5% (95% CI: 17.8%-21.2%) for
women and 9.2% (95% CI: 8.1%-10.3%)
for men.

The prevalence of clinical hypertension
is shown in Table 2. The overall crude
prevalence of diagnosed and undiagnosed
hypertension was 26.0% (95% CI: 21.0%—
31.4%) with a higher rate in men (29.3%)
than in women (22.8%). Among those with
hypertension, 75% of the men and 62%
of the women were newly diagnosed. The
age-standardized prevalence rate of clinical
hypertension for age range 30-64 years
was 14.2% (95% CI: 13.0%-16.0%) with a
slightly higher rate in women 14.8% (95%
CI: 13.4%-16.3%) than in men 13.3% (95%
CIL: 12.3%-14.4%). In general, the preva-
lence of clinical hypertension (either diag-
nosed or undiagnosed) increased with age.

A total of 12 people in the survey had
a prior diagnosis of diabetes confirmed in
the records. Of these, 8 people were treated
with oral hypoglycaemic agents, 2 used
insulin and the remaining 2 claimed to use
herbal remedies. In addition, 20 people had
a prior record-based diagnosis of hyperten-
sion; of these, 14 (70.0%) were receiving
treatment. Current intake of medications for
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Table 2 Number of subjects, prevalence of hypertension, and number of new

cases of hypertension by age and sex

Sex and Prevalence Prevalence New
age group adjusted cases of
(years) to non-  hypertension
response
No. % % No.
Men
35-44 (n = 34) 4 11.8 11.4 3
45-54 (n = 21) 6 28.6 20.0 4
55-64 (n = 26) 9 34.6 26.0 5
65+ (n = 42) 17 40.5 39.5 15
All ages (n =123) 36 29.3 25.2 27
Age-standardized
prevalence? (95% CI) 13.3% (12.3%—14.4%)
Women
35-44 (n = 54) 6 11.0 11.0 3
45-54 (n = 43) 12 27.9 27.9 7
55-64 (n = 19) 5 26.3 19.2 3
65+ (n=11) 6 54.5 27.3 5
All ages (n = 127) 29 22.8 20.0 18
Age-standardized
prevalence® (95% Cl) 14.8% (13.4%—16.3%)
Men and women
35-44 (n = 88) 10 11.4 11.2 6
45-54 (n = 64) 18 28.0 24.7 11
55-64 (n = 45) 14 31.0 23.0 8
65+ (n = 53) 23 43.4 35.4 20
All ages (n = 250) 65 26.0 22.6 45

Age-standardized

prevalence? (95% CI) 14.2% (13.0%—16.0%)

aAge-standardized prevalence (%) for age range (30-64 years) using the world population as

the standard [Source: 17,18].

n = number of participants; Cl = confidence interval.

diabetes or hypertension was verified by the
survey team.

The epidemicity index of diabetes in the
study population was also calculated as the
percentage of TGI composed of IFG/IGT.
Out of 63 people with total glucose intoler-
ance, 37 had IFG/IGT, corresponding to an
epidemicity index of 58.7%, i.e. there was a

high prevalence of IFG/IGT in the presence
of a low prevalence of diabetes in the given
population.

The relationship between glucose toler-
ance status and some selected demographic
and biomedical factors of the population
is presented in Table 3. In men, the mean
values of age, WHR, waist circumference
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and BP were generally higher in people
with IFG/IGT and diabetes than in those
with normal glucose tolerance. Although a
greater number of men with normal glucose
tolerance or with IFG/IGT claimed to be
habitually more physically active than those
with diabetes, the difference was not statis-
tically significant. About 27% of men were
overweight (BMI > 25 kg/m?) and nearly
42% had central obesity (WHR > 0.95).
In women, the mean values of age, BMI,
WHR, waist circumference and BP were
generally higher in women with IFG/IGT
and diabetes than in those with normal
glucose tolerance. More than half of the
women in the study claimed to be habitually
physically active and there was no statistical
trend in this variable. More than one-third
of the women were overweight (BMI > 25
kg/m?) and about two-thirds had central
obesity (WHR > 0.85).

Multiple linear regression analysis was
computed with the aim of predicting partici-
pants’ capillary blood glucose concentration
and BP values on the basis of the variables
studied. Mean values of fasting blood glu-
cose, 2-hour blood glucose, systolic BP and
diastolic BP were used as dependent vari-
ables, and age, BMI, waist circumference
and WHR values as independent variables.
No consistent association between WHR
and each of blood glucose and BP variables
was observed (data not shown). Age elic-
ited a significant positive correlation to the
mean values of both fasting blood glucose
(regression coefficient 3 =0.027, P=0.005)
and 2-hour blood glucose (p = 4.66, P =
0.002), and to the mean systolic BP value (B
=0.505, P <0.0001). BMI was a significant
predictor of the mean values of both systolic
BP (B=1.28, P <0.0001) and diastolic BP
(B = 0.821, P < 0.0001) but not of mean
blood glucose concentrations. In contrast,
waist circumference was a significant predic-
tor of the mean values of both fasting blood

glucose (B = 0.033, P = 0.004) and 2-hour
blood glucose (= 6.34, P = 0.001) but not
of BP variables.

The adjusted ORs of TGI (diabetes,
IFG and IGT combined) for a number of
variables were computed using the stepwise
multivariate logistic regression analysis
(Table 4). Factors selected in the model
were age > 55 years, male sex, family his-
tory of diabetes, overweight (BMI > 25
kg/m?), WHR (> 0.95 for men and > 0.85 for
women), waist circumference (> 102 cm for
men and > 88 cm for women), hypertension
(BP > 140/90 mmHg), current smoking,
social class and physical inactivity (data not
shown). Separate analysis was performed
for men and women to detect any sex differ-
ences in risk factors for glucose intolerance.
No such differences were observed. Male
sex, family history of diabetes, BMI, WHR,
current smoking and social class were not
independently related to glucose intolerance
and were therefore excluded from the model
by the stepwise procedure. The risk factors
independently related to TGI were only age
> 55 years (OR = 3.34, 95% CI: 1.78-6.25)
and waist circumference (> 102 cm for men
and > 88 cm for women) (OR = 2.35, 95%
CIL: 1.21-4.58). Family history of diabetes
among first-degree relatives, which was
statistically significant in univariate analy-
sis, was no longer a predictor of TGI on the
multivariate logistic regression model.

The coexistence of TGI, central obesity
and hypertension in survey responders was
also investigated (Figure 1). One or more
of these conditions was present in 61.0%
of men and in 65.4% of women. The most
frequent condition was central obesity, be-
ing present alone in 18.0% of men and in
23.6% of women, and being complicated
by glucose intolerance in 8.0% of each men
and women, or by hypertension in 9.8% of
men and 7.0% of women. Isolated cases of
glucose intolerance were found in 5.7% of
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Table 4 Stepwise multivariate logistic regression
analysis of variables independently related to
total glucose intolerance (diabetes, IFG and IGT
combined) among the study sample (n = 250)

Variable Odds 95% ClI P—value
ratio
Age > 55 years 3.34 1.78-6.25 <0.0001

Abdominal adiposity:
waist circumference
> 102 cm for men);
>88 cm forwomen  2.35 1.21-4.58 0.012

IFG = impared fasting glucose; IGT = impaired glucose
tolerance; Cl = confidence interval.

men and 11.0% of women. Hypertension  Djscussion
alone was found in 8.9% of men and 8.7% ) )
of women. The combination of glucose  1his population-based survey was con-

intolerance and hypertension was observed ~ ducted on adults aged = 35 years living in a
in 4.9% of men and in only 1.6% of women. semirural area in Yemen. The overall crude

All 3 conditions combined were demon-  Prevalences of diabetes, either IFG/IGT

strated in a further 5.7% of men and 5.5%  and hypertension were 12.8%, 11.2% and
of women. 26.0% respectively. The age-standardized

39.0%

8.1%

8.9%

5.7%
23.6% ° 17.9%

[ None of the conditions M Central obesity only O Glucose intolerance only [EHypertension only

[ Central obesity and W Central obesity EGlucose intolerance EdCentral obesity, glucose
glucoseintolerance and hypertension and hypertension intolerance and hypertension

Figure 1 Coexistence of total glucose intolerance (diabetes, impaired fasting glucose and
impaired glucose tolerance), central obesity (waist-hip ratio > 0.95 for men; > 0.85 for women)
and hypertension (systolic blood pressure > 140 mmHg and/or diastolic > 90 mmHg) (n = 250)
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prevalence rate for the age range 30—64
years in this group in Yemen was found
to be 6.3% for diabetes, 9.0% for either
IFG/IGT, 6.0% for IGT alone and 14.2%
for hypertension. Both diabetes and either
IFG/IGT were slightly more frequent in
women than in men, and both were higher
in people aged > 65 years than those aged
35-64 years. In contrast, in a well-defined
urban community in Yemen the age-stand-
ardized prevalence of self-reported (diag-
nosed) diabetes among adults aged 30—64
years was 9.75% (95% CI: 7.55%—11.95%)
[20]. We can assume that this figure could
be doubled if the estimate was based on
measuring blood glucose 2 hours after a
standard oral glucose load [2/]. The age-
standardized prevalence of diabetes (either
previously diagnosed or newly diagnosed)
was even higher, amounting to 25.5% (95%
CI: 17.4%-33.7%) among adult Yemeni
immigrants in the United States [22].

Using the WHO diagnostic criteria, sev-
eral population-based studies have been
recently published indicating the prevalence
of diabetes and IGT in semiurban and rural
communities in Eastern Mediterranean Re-
gion countries. Table 5 shows the prevalence
of diabetes and IGT in rural and semirural
communities in Sudan [23], Jordan [24],
Egypt [25,26], Lebanon [27], Saudi Arabia
[28] and Tunisia [29]. Although the WHO
diagnostic criteria were adopted by the great
majority of these studies, there were some
differences in the age groups studied and
the prevalence rates were not age-standard-
ized. This may explain the diversity in the
prevalence of diabetes and IGT among
rural and semirural adult populations in
the Region. For diabetes and IGT, compa-
rability might be enhanced if comparable
methodology and diagnostic criteria were
employed [30] and if the prevalence rates
were standardized for age in a truncated
age range of 30-64 years of the population
studied [3,17,18].

The epidemicity index of diabetes in our
study was relatively high. High prevalence
of IFG/IGT in the presence of low preva-
lence of diabetes among the given semirural
population might be taken as an indicator of
the potential for a higher future prevalence
of type 2 diabetes [/9]. There is now some
evidence that a single positive result of IGT
carries a risk of developing type 2 diabetes
of 2% to 8% over the following 5 to 10
years [3/] and that the conversion from
IGT to type 2 diabetes is associated with
higher levels of plasma glucose within the
IGT range, weight gain and greater obesity,
hyperinsulinaemia and sedentary lifestyle
[32,33]. The relatively high prevalence of
IFG/IGT in our study might also be taken as
an indicator of increased future risk of car-
diovascular disease among this population,
as was the case in the Whitehall study when
the 2-hour blood glucose level exceeded 5.5
mmol/L, albeit using a 50 g glucose load
[34].

Our data demonstrated that both ageing
and central obesity were significantly as-
sociated with TGI in the study population.
Coexistence of total glucose intolerance,
central obesity and hypertension was obvi-
ous both in men and women, indicating
clustering of these cardiovascular risk fac-
tors in the study population. Although dia-
betes was associated with advanced age in
both sexes, the mean age difference between
diabetes and normal glucose tolerance was
considerably higher in men (8.4 years) than
in women (3.4 years). In contrast, although
diabetes was associated with central obesity
in both sexes, the mean waist circumference
difference between diabetes and normal glu-
cose tolerance was slightly higher in women
(7.9 cm) than in men (6.9 cm). Overweight
was obviously more frequent in diabetes
than in NGT especially in women, and
hypertension was obviously more frequent
in diabetes than in IGT especially in men.
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Table 5 Population-based prevalence studies of diabetes mellitus (DM) and

impaired glucose tolerance (IGT) in rural
Eastern Mediterranean Region countries

and semi-rural communities in some

County ° Age group Diagnostic  Setting Group Prevalence
[reference] studied criteria studied (%)
(years)
Sudan [23] >25 WHO Rural DM 2.6
IGT 2.2
Jordan [24] >25 WHO Semi-urban DM 13.4
IGT 9.8
Egypt [25,26] >20 WHO Rural DM 4.9
IGT 13.1
Lebanon [27] >30 WHO Semi-rural DM (30-64 yr) 12.3
DM (> 65 yr) 29.1
IGT (30-64 yr) 5.9
IGT (> 65yr) 10.8
Saudi Arabia [28] >15 WHO Rural DM (M) 6.8
DM (F) 8.4
IGT (M) 7.4
IGT (F) 8.1
Tunisia [29] >20 FBG > 165 Rural DM (M) 2.32
mg/dL

DM (F) 0.6
Yemen [this study] >35 WHO Semi-rural DM 6.32
IGT 6.0

aAge-standardized prevalence.

WHO = World Health Organization; FBG = fasting blood glucose.

M = males; F = females.

Finally, although diabetes was associated
with a sedentary lifestyle in both sexes, the
high rate of self-reported levels of physical
activity casts doubts on the validity of our
activity scale.

The significance of age and waist cir-
cumference, but not of BMI, in predicting
people’s capillary whole blood glucose
concentration in the multiple regression
model confirms that age and central obes-
ity, rather than body mass, are the factors
of importance. This association was further
confirmed by the finding that age > 55 years

and waist circumference (> 102 cm in men
and > 88 cm in women) were independ-
ently related to TGI (diabetes, IFG and IGT
combined) on the multivariate stepwise
logistic regression model. However, the
contribution of genetic susceptibility to the
prevalence of diabetes was not evident in
this population.

Clinical hypertension in our study was
particularly high by regional standards,
where at least 20% of the population aged
20 years or older in the WHO Eastern Medi-
terranean countries suffers from hyperten-
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sion [35]. The proportion of subjects with
previously diagnosed hypertension was
notably low in our area (8%) and this prob-
ably represents a lack of regular screening
programmes in Yemen.

In summary, the results obtained from
this study indicate that diabetes and other
cardiovascular risk factors are already a
significant public health problem in this
sample of the adult population in Yemen,
with the prevalence increasing with advanc-
ing age. However, this small semirural area
is but one of the many and varied regions
of the country and further studies would be
required to obtain a complete picture of the
population distribution of diabetes mellitus
and other cardiovascular risk factors in
Yemen. Bearing in mind the limited contri-
bution of genetic factors, the high frequency

of central obesity suggests a dietary origin
of these adverse health conditions. Thus,
we recommend establishing a community
awareness programme highlighting the con-
sequences of these public health problems
and the usefulness of a healthy diet and
adequate exercise.
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