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Objectives: To describe the metabolic syndrome and its
demographic and clinical comelates in native African type-2
diabetic patients.

Methods: Cross-sectional analysis of 254 type-2 diabetic indige-
nous Nigerians consecutively recruited in a teaching hospital.
The main outcome measure was metabolic syndrome. Vari-
abies of interest included family history/duration of diabetes
melitus and hypertension, gender, socioeconomic class, occu-
pation and place of domicile (urban or rural). Intergroup com-
parisons were made with Chisquared tests or 1- tests.

Resulls: Patients were aged 35-80 years (mean; 52.0 £ 11.7
years) and made of 154 (60.6%) males and 100 (39.4%) females.
Full-blown metabolic syndrome was noted in 52 patients
{20.5%). Metabolic syndrome, as defined by the WHO, was not-
ed in 150 patients (59.1%). About 72.4% of patients were dyslip-
demic, 54.3% were hypertensive, 42.5% were obese, 44.9% were
microalbuminuric and 32.3% were hyperuricemic. Ischemic
heart disease {myocardial infarction) occumred in only 2.4% of
patients. Concumrent hypertension and dyslipidemia; obesity
and dyslipidemia; and hypertension and obesity occurred in
44 4%, 42.5% and 33.1% of type-2 diabetics, respectively.

Compared to the diabetics without metabolic syndrome, those
with the syndrome had a significantly higher proportion of patients
with a family history of hypertension and diabetes (44% versus 25%;
p=0.003); among the upper/middie socioeconomic class: 52.0%
versus 30.8% (p=0.001); and among the urban dweling: 68.0% ver-
sus 49.0% (p=0.004). Metabolic syndrome was inversely proportion-
al to the physical activity of an individual (y?=21.69, df=5, p=0.001).
Blood pressure was significantly higher among patients with meta-
bolic syndrome than those without it (140.6 + 22.9/85.2  12.9
mmHg versus 126.9 * 15.4 mmHg; P<0.01).

Conclusions: The development of metabolic syndrome in
African type-2 diabetic patients is influenced by demo-
graphic and clinical factors. Vigilant dietary habit and physi-
cal exercise may reduce the chance of metabolic syn-
drome in urban Nigerian type-2 diabetics.
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INTRODUCTION

Clustered metabolic cardiovascular risk factors,
including type-2 diabetes mellitus, essential hyperten-
sion, obesity, dyslipidemia and ischemic heart disease,
known as the metabolic syndrome, have been well-
described.' Its prevalence rates range from 13-30%
and 70-80% among the Caucasian nondiabetic** and
diabetic** populations, respectively. The age-adjusted
prevalence of the metabolic syndrome in an Indian
urban population was 24.9%.° Genetically determined
insulin resistance in a setting of suitable environmental
factors is the pivotal pathogenic mechanism underlying
the metabolic syndrome.' Lipoprotein lipase deficien-
cy largely accounts for the lipid abnormalities,” while
systemic hypertension is due to enhanced sympathetic
activities, salt sensitivity and increased transmembrane
cation transport.*® The role of tumor necrosis factor in
obesity and insulin resistance has also been described."

Developing nations are witnessing rapid industri-
alization, urbanization and increased economic pros-
perity. The resulting acquisition of the western
lifestyle, characterized by calorie excess and physical
inactivity, would provide suitable milieu for the devel-
opment of the metabolic syndrome in genetically pre-
disposed individuals. In Nigeria, hypertension and
diabetes mellitus occur in 10—15% and 2-4% of the
population, respectively." Both conditions coexist fre-
quently, the prevalence of hypertension among dia-
betics being 20—40%.'>"* They are independent risk
factors for dyslipidemia.'*"* Obesity is also linked
with lipid abnormalities among the Africans.'

As the increased economic prosperity at individual
levels in developing nations is uneven, it caused a
demographically heterogeneous population. Demo-
graphic factors may, therefore, affect the development
of the metabolic syndrome. This report describes
clustering of cardiovascular risk factors, including the
metabolic syndrome in Nigerian type-2 diabetic
patients. The demographic and clinical correlates of
the syndrome are determined. This information is
vital because the metabolic syndrome possesses the
potential for altering the epidemiological pattern of
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morbidity and mortality in Nigeria. Furthermore,
knowledge of the variables influencing the develop-
ment of the syndrome may be utilized in interventions
that could favorably alter its prevalence.

PATIENTS AND METHODS

Patients

Two-hundred-seventy-eight indigenous Nigeri-
ans with diabetes mellitus attended the medical out-

patient and inpatient units between January and
August 2002 at the Usmanu Danfodiyo University
Teaching Hospital (UDUTH), a major referral cen-
tre with a catchment population of about eight mil-
lion. It is located in Sokoto, northwestern Nigeria
(sub-Saharan Africa). The northwestern region of
Nigeria is located between latitude 11:000 N and
14:000 N and longitude 4:000 E and 7:000 E. Hausa
and Fulani are the dominant tribes, while Islam is
the dominant religion. Of the 278 diabetics who

Type-2 Diabetes Mellitus

Characteristics
Gender

Male

Female

Place of Domicile
Urban
Rural

Literacy
Literate
lliterate

Socioeconomic Status
Upper
Middle
Lower

Family history of diabetes mellitus (DM)
Family history of hypertension (HBP)
Family history of HBP and DM

Neither family history of HBP nor DM

Cigarette smoking
Alcohol consumption

Concurrent HBP and DM

Age (years)

Duration of diagnosis of HBP (years)
Duration of diagnosis of DM (years)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

Body mass index (kg/m?)

Waist circumference (cm)

Fasting blood sugar (mmol/L)

Total cholesterol (mg%)

High-denisity lipoprotein cholesterol (mg%)
Triglyceride (mg%)

Serum uric acid (mg%)

Table 1. Baseline Characteristics of Africans with

Values
(N=254)

N (%)
154 (60.6)
100 (39.4)

153 (60.2)
101 (39.8)

82 (32.3)
172 (67.7)

50 (19.7)
60 (23.6)
144 (56.7)

32 (12.6)
32 (12.6)
28 (11.0)
144 (56.7)

72 (28.4)
34 (13.4)

138 (54.3)
Mean * SD
52+ 11.7

6.7
6.6

I+ 1+

6.1
6.1
135.0 £ 21.1
83.1+11.8

258 + 6.1
95.5+6.2
10.5+54
195.5 + 28.7
47.3+12.2
155.7 + 422
6.9+22
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attended the hospital during the study peri-
od, 254 (91.4%) with type-2 diabetes mel-
litus were studied. The remaining 24
patients had type-1 diabetes mellitus and
were excluded from the study. There were
154 (60.6%) males and 100 (39.4%)
females. The mean age was 52.0 = 11.7
years (range: 35—80 years).

Patients with secondary hypertension,
nephrotic syndrome, hepato-biliary disease
and hypothyroidism were excluded from the
study. This was through clinical evaluation,
except in nephrotic syndrome, where mas-
sive proteinuria was also required as an
exclusion criterion. Patients taking lipid-
altering drugs, including lipid-lowering
agents, were excluded from the study.

Demographic and Clinical
Data

Demographic and clinical data, includ-
ing place of domicile (urban or rural); occu-
pational/educational status; ischemic heart
disease (evidenced by history of angina
pain, myocardial infarction and coronary
artery surgery); family history of diabetes
and/or hypertension; diet; alcohol consump-
tion; and cigarette smoking were obtained.
Socioeconomic status was stratified into
lower, middle and upper classes using the
British Registrar General Scale.'” Consump-
tion of 20 or more units of alcohol weekly
and 10 or more cigarettes daily constituted
significant alcohol consumption and ciga-
rette smoking, respectively.'s

Diabetes mellitus was diagnosed using the
World Health Organization (WHO) diagnos-
tic criteria.?’ A diabetic with no record of keto-
sis and on oral hypoglycemic drugs and/or a
diabetic diet was considered to have type-2
diabetes mellitus. Sitting blood pressure was
measured with aneroid mercury sphygmo-
manometer (Accoson), size 13.5 x 10° cm,
using the patient’s nondominant arm and after
10 minutes of rest. Three readings were taken,
and the average of the last two was taken as the
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blood pressure. Systolic blood pressure (Korotkoff phase
I) of 2140 mmHg and/or diastolic blood pressure
(Korotkoff phase V) of 290 mmHg or antihypertensive
medications were required to make a diagnosis of sys-
temic hypertension.” Anthropometric indices, including
weight, height, waist and hip circumferences were meas-
ured with patients lightly clothed and without shoes. A
body mass index of 230 kg/m? and a waist circumfer-
ence of 288 cm (for females) or 2102 cm (for males)
constituted general and central obesity, respectively.?

- Weight status was classified using body mass index, into
the following categories: lean (<18.5 kg/m?), normal
(18.5-24.9 kg/m?), overweight (25-29.9 kg/m?) and obe-
sity (230 kg/m?). All patients had resting 12-lead elec-
trocardiography (ECG) to detect ECG evidence of
myocardial infarction.

Biochemical Data

The sample analysis was conducted at the Chemical
Pathology Department of UDUTH in Sokoto. About
10 ml of fasting serum was withdrawn into heparinized
bottles of fluoride oxalate and centrifuged at 100 rpm
for five minutes. The supernatant was separated into
the appropriate containers for analysis. Samples were
analyzed within 24 hours of collection or stored at a
temperature of 4°C. Fasting blood glucose was meas-
ured using glucose oxidase tests.” Total plasma choles-
terol was determined using ferric per chlorate meth-
ods.* High-density lipoprotein (HDL) cholesterol was
determined after precipitation of low-density lipopro-
tein (LDL) cholesterol with phosphotungstate and
magnesium.” Triglycerides were measured using the
calorimetric enzymatic method.*

LDL cholesterol was calculated from the follow-
ing formula:

LDL cholesterol = Total cholesterol — HDL choles-
terol minus (Triglycerides / 5).%

A preprepared laboratory standard for lipid
analysis was used to ensure quality assurance of the
specimens. A plasma uric acid level was determined.

Screening for microalbuminuria was done using
early morning urine and the Micral R test
(Boehringer-Mannheim, Germany). The screening
was done on two occasions over a four-week period.
A patient with two positive results was considered to
have microalbuminuria. All of our patients, as a rou-
tine, had dipstick urinalyses for albumin, nitrite and
blood. A urine specimen was also obtained and cen-
trifuged for microscopy. A urinary tract infection, as
evidenced by a clinical evaluation or a positive dip-
stick urinalysis for nitrite, hematuria and white cell
count, in the range of 2-5 per high-power field, was
excluded before screening for microalbuminuria.

A type-2 diabetic patient with any two of the fol-
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lowing was considered to have metabolic syndrome:
hypertension; dyslipidemia (triglycerides >150
mg% or HDL cholesterol <40 mg%); obesity; and
microalbuminuria.?® Microalbuminuria was not uti-
lized as a diagnostic criterion of metabolic syn-
drome in patients with macroalbuminuria.

Statistical Analysis

Data entry and analysis were done using a statis-
tical software package. Means were presented as fol-
lows: value + standard deviation. Comparisons of
categorical and continuous variables between dia-
betics with and without the metabolic syndrome
were done using Chi-squared tests and the independ-
ent sample t-tests (two-tailed), respectively. A p val-
ue of <0.05 was considered statistically significant.

RESULTS

Two-hundred-fifty-four type-2 diabetic patients,
aged 52.0 + 11.7 years (range: 35-80 years) made
up of 154 (60.6%) males and 100 (39.4%) females
were studied. One-hundred-thirty-eight patients
(54.3%) had concurrent hypertension and diabetes
mellitus. Of these, hypertension and diabetes were
simultaneously diagnosed in 64 patients (46.4%).
The diagnosis of hypertension preceded diabetes
mellitus by 7.9 + 5.8 years in 42 patients (30.4%),
while that of diabetes mellitus preceded hyperten-
sion by 4.8 + 5.8 years in 32 patients (23.2%).

The demographic, clinical and biochemical charac-
teristics of patients are shown in Table 1. Family history
of diabetes mellitus, hypertension and concurrent
hypertension and diabetes mellitus occurred in 12.6%,
12.6% and 11.1% of patients, respectively. Though all
of the patients adhered to traditional African fiber-rich
food choices (rice, millet, corn and beans) as staples,
112 (44.1%) also consumed dairy products and animal
fats, including cows’ milk in its fresh and fried forms
(called “nono” and “manshanu”, respectively, in the
native language). Though only 32% were engaged in
regular formal exercise, all patients had daily activities
that were physically demanding.

The frequencies of individual components of the
metabolic syndrome were as follows: dyslipidemia
(72.4%), systemic hypertension (54.3%), obesity
(42.5%), microalbuminuria (44.9%) and hyper-
uricemia (32.3%). Ischemic heart disease (myocardial
infarction) occurred in six patients (2.4%). Of the 254
diabetics studied, 150 (59.1%) had metabolic syn-
drome, using the WHO definition (type-2 diabetes
mellitus, plus any two of the following: essential
hypertension, dyslipidemia, obesity and microalbu-
minuria). Full-blown metabolic syndrome (type-2
diabetes mellitus, systemic hypertension, obesity,
dyslipidemia and microalbuminuria) occurred in 52
patients (20.5%). The various clustered components
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of metabolic syndrome are shown in Figure 1. Con-
current systemic hypertension and obesity; systemic
hypertension and dyslipidemia; and obesity and dys-
lipidemia occurred in 114 (44.9%), 108 (42.5%) and
84 (33.1%) diabetics, respectively. Microalbuminuria
coexisted with systemic hypertension, dyslipidemia
and obesity in 92 (36.2%), 78 (30.7%) and 74
(29.1%) diabetics, respectively.

Type-2 diabetic patients with and without meta-
bolic syndrome are compared in Table 2. Compared
to diabetics without metabolic syndrome, those with
the syndrome had significantly higher proportions
of patients with concurrent diabetes and systemic
hypertension (74.7% versus 25.0%; p<0.0001), pos-
itive family history of diabetes mellitus and sys-
temic hypertension (44% versus 25%; p=0.003),
upper/middle socioeconomic class (52% versus
30.8%; p=0.001) and urban dwelling (68.0% versus
49.0%; p=0.004). Occupation significantly influ-
enced the frequency of metabolic syndrome, with
the highest proportion occurring in those associated

with sedentary lifestyles. Of the 62 full-time house-
wives, 56 civil servants, 76 traders, 16 professionals,
24 manual peasant farmers and 20 belonging to oth-
er occupations, metabolic syndrome occurred in 42
(67.8%), 36 (64.3%), 48 (63.2%), 10 (62.5%), four
(16.1%) and 10 (50%) patients, respectively (y*=
21.69, df=5; p=0.001).

Blood pressure was significantly higher among
patients with metabolic syndrome (140.6 + 22.9/ 85.2
+12.9 mmHg versus 126.9 + 15.4 mmHg; P<0.01).

Metabolic syndrome was insignificantly higher in
percentage among females than males (64.0% versus
55.8%; P=0.57). Notably, HDL cholesterol was
insignificantly higher among diabetics with metabol-
ic syndrome than among those without the syndrome
(48.5 + 12.7 mg% versus 45.5 £ 11.2 mg%; t=1.3;
p=0.2) and among obese than nonobese diabetics
(48.3 = 12.4 mg% versus 47.7 + 10.8 mg%, p>0.05).
Age, gender, literacy status, cigarette smoking, alco-
hol consumption, blood sugar levels, duration of diag-
nosis of diabetes mellitus, and simultaneous onset of

Characteristics

Age (years)
Duration of diagnosis of DM (years)

Systolic BP (mmHg)

Diastolic BP (mmHg)

Body mass index (kg/m?)

Waist circumference (cm)

Fasting blood sugar (mmol/L)

Total cholesterol (mg%)

Low-denisity lipoprotein cholesterol (mg%)
High-denisity lipoprotein cholesterol HDL-C (mg%)
Triglycerides (mg%)

TC:HDL-C ratio

Serum uric acid (mg%)

Male:female ratio

Upper and middle class

Literates

Urban-dwelling

Positive family history of DM and/or HBP
Cigarette smoking

Alcohol consumption

Simultaneous diagnosis of HBP and DM
Concurrent DM & HBP

Obesity

Dyslipidemia

Hyperuricemia

Albuminuria

Table 2. Comparison of Demographic and Clinical Characteristics of Patients
with and without Metabolic Syndrome

Interval between DM and hypertension (HBP) onset (years)

Patients with Patients without P Value
Metabolic Metabolic
Syndrome Syndrome
(N=150) (N=104)
Mean  SD Mean £ SD
5291108 50.7 £12.8 0.30
44+ 46 3.7+40 0.40
4662 56+53 0.80
140.6 £ 22.9 1269 £ 15.4 <0.001
852+ 129 79.7 £ 9.1 0.01
28.4+5.6 224+ 3.6 <0.001
100.2 £ 13.3 87.58.7 <0.001
10.3+50 108 £ 6.0 0.60
187.6 + 28.2 166.0 + 24.1 <0.001
101.1+£21.4 93.9£19.1 0.06
485+ 127 455+ 11.2 0.20
169.2 £ 38.2 135.2+ 39.5 <0.001
4011 3.8+0.9 0.26
7.6+22 59+27 <0.001
N (%) N (%)
1.3 1.9 0.30
78 (52) 32 (30.8) <0.001
46 (30.7) 36 (34.6) 0.60
102 (68) 51 (49) <0.001
66(44) 26 (25%) <0.001
34 (22.7) 38 (36.5) 0.10
20 (13.3) 14 (13.5) 0.09
46 (30.7) 18 (17.3) 0.02
112 (74.7) 26 (25.0) <0.001
69 (69.3) 8(7.7) <0.01
138 (92) 46 (44.2) 1.01
62 (41.3) 20 (19.2) <0.001
98 (65.3) 16 (15.4) <0.001
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clinical hypertension and diabetes mellitus did not
appear to influence the occurrence of metabolic syn-
drome among type-2 diabetics.

DISCUSSION

This report describes clustering of cardiovascular
risk factors consistent with the metabolic syndrome
found among Nigerian type-2 diabetic patients. The
prevalence of the syndrome is lower than values
ranging from 70-80% among Caucasians with type-
2 diabetes mellitus.*>* It is, however, higher com-
pared to the recently reported prevalence of 25.2%
among type-2 diabetic patients in southern Nigeria?
but similar to the data from Zimbabwean urban
type-2 diabetic patients.* Disparities in the preva-
lence of metabolic syndrome are largely due to dif-
ferences in lifestyles, age of the study populations
and nonapplication of uniform diagnostic criteria.>*

In the present report, metabolic syndrome is not
associated with HDL hypochlolesterolemia, and
ischemic heart disease is a relative rarity. These
findings are strikingly at variance with the Cau-
casians®® but consistent with previous reports on
African diabetics and hypertensives.'*!*** Normal or
elevated HDL cholesterol in diabetes mellitus*** and
a direct relationship between obesity and HDL cho-
lesterol' are well-documented among Africans.
Obesity is diet-related among Africans. Obese
Africans, therefore, tend to consume corresponding-
ly high amounts of fiber. Epidemiological studies
have linked high fiber-rich food consumption with

METABOLIC SYNDROME AND TYPE-2 DIABETICS

reduced risk of coronary artery disease.** In dia-
betes mellitus, HDL hypocholesterolemia is due to a
reduction of HDL, subfraction of HDL cholesterol
arising from increased HDL cholesterol catabolism.
It is not known if fiber reduces catabolism of HDL
cholesterol in type-2 diabetics.

Two types of type-2 diabetic populations have
been described in blacks: one with insulin resistance
and increased risk of cardiovascular mortality and
morbidity, and the other that is insulin sensitive with
no increased risk of cardiovascular disease.’
Insulin resistance is genetically determined and
underlies the pathogenic mechanism of the metabol-
ic syndrome.' Family history of hypertension, type-2
diabetes mellitus and obesity are recognized mark-
ers of genetic predisposition to the syndrome.* The
present study demonstrated that genetic predisposi-
tion to the metabolic syndrome is not increased in
type-2 diabetics with a family history of concomi-
tant hypertension and diabetes mellitus, compared to
those with a family history of either of the two con-
ditions occurring in isolation.

In addition to insulin resistance, suitable environ-
mental factors are an important prerequisite for the
clinical expression of the metabolic syndrome. Vari-
ations in these factors partly explain the population
differences in the frequency of the syndrome. We
recorded a significantly higher percentage of meta-
bolic syndrome among type-2 diabetics in the
upper/middle socioeconomic class compared to the
lower class. Differences in dietary habits largely

60

Figure 1. Components of Metabolic Syndrome

A: Microalbuminuria
D: Type-2 diabetes mellitus

H: Systemic hypertension
L: Dyslipidemia

O: Obesity

Frequency

50 4
404
304
20 1
HER N
0-

Il -

(D+H+O+L+A) (D+H+O+L) (D+H+O+A) D+H+L+A)

Components

(D+L+A) (D+H+L) (D+H+O)  (D+H+A)
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account for socioeconomic class-related variations
in the prevalence of the metabolic syndrome. In the
Chennai Indian population, for example, individuals
in the middle class had significantly higher monthly
income, calorie and fat intake and increased preva-
lence of metabolic syndrome, compared to those in
the lower class.®

A rural-urban difference in the prevalence of
metabolic syndrome has also been documented in
the Palestinian West Bank community.* Affluent and
sedentary lifestyles, characterized by high calorie
and fat intake, are more likely among the urban pop-
ulation than the rural population. In the developing
nations, the prevalence of hypertension and diabetes
is higher in the urban areas than in rural areas." It is,
therefore, not surprising that the percentage of
occurrence of metabolic syndrome is significantly
higher among urban- rather than rural-dwelling
type-2 diabetes mellitus patients. Given the increas-
ing urbanization in developing nations, an associa-
tion of urbanization with the increased clustering of
cardiovascular risk factors among type-2 diabetics
should be a major public health concern.

The effect of gender on the prevalence of meta-
bolic syndrome is uncertain. While some reports
showed a higher value among females than males,*
others showed no such relationship.? The higher per-
centage of the syndrome among female type-2 dia-
betes mellitus patients in the present report with an
Islam-dominated population may be explained by
the sedentary lifestyle arising from the practice of
purdah, a religious obligation that restricts women to
their homes.

Data on the specific effects of occupation on the
metabolic syndrome are lacking. It is, however,
well-documented that type-2 diabetics that are
engaged in physical exercise have decreased cluster-
ing of cardiovascular risk factors.”* Peasant farm-
ing is the predominant occupation in the developing
nations. It is manual and physically demanding. This
probably accounts for the inverse relationship
between the metabolic syndrome and physical activ-
ities of individuals in the current report.

We were constrained by the lack of facilities for the
determination of insulin sensitivity. The high drop-out
rate of patients from the clinic in the setting where this
work was carried out compelled us to screen for
microalbuminuria over a four-week period instead of
the recommended three-to-six month period.

In conclusion, the occurrence of metabolic syn-
drome in type-2 diabetes mellitus patients is affected
by clinical and demographic variables that could be
potentially modified to favorably alter the preva-
lence of the syndrome in this population.
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