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Abstract: Background: Hypertension co-existing with Diabetes mellitus is increasing globally. However, current
evidence has demonstrated the existence of a prolonged, intermediate phase of diabetes termed pre-diabetes in hypertensive
patients. Aim: This study was designed to determine the magnitude of pre-diabetes among adult Nigerians with essential
hypertension in a primary care clinic of a tertiary hospital in South-eastern, Nigeria. Materials and Methods: A cross-
sectional analytic study carried out on 320 adult hypertensive Nigerians who were age and sex matched with 320 non-
hypertensive, non-diabetic control group at the primary care clinic of a tertiary hospital in South-eastern Nigeria. These
patients were screened for pre-diabetes. Pre-diabetes was defined as fasting plasma glucose of 100-125 mg/dL and /or
plasma glucose level of 140-199 mg/dL two hours after a 75g oral glucose load. Hypertension was defined as systolic
and/or diastolic blood pressures >140/90 mmHg or documented use of antihypertensive medications in a previously
diagnosed person with hypertension. Results: The prevalence of pre-diabetes was significantly higher in hypertensive
patients (33.1%) than control (16.2%) (p= 0.001) with impaired fasting glycaemia ((29.4%) being the more common
pattern. The mean fasting plasma glucose of the hypertensive patients (122.4mg/dL+1.7)) was significantly higher than
that of the control (91.8mg/dL+2.4) (p=0.000). Similarly, the mean two hours oral glucose load of the hypertensive patients
(183.4mg/dL+1.6) was significantly higher than that of the control (161.8mg/dL+1.9)(p=0.001). Conclusion: This study has
shown the existence of pre-diabetes among the hypertensive patients with impaired fasting glycaemia being the more
common pattern. Screening adult Nigerians with essential hypertension for pre-diabetes should constitute clinical targets
for intervention in primary care clinic.
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detectable symptoms while causing continuous and

1. Introduction progressive damage to the target organs of the body.[4,5]

Hypertension and Diabetes mellitus have received the
greatest global attention in the last two decades.[1,2] Both
conditions are the most common cause of morbidity and
mortality from non-communicable diseases in Africa.[3]
The number of people living with Diabetes mellitus
currently is 240 million globally and over 7 million in
Africa.[1] These populations are about a quarter and a third
of the corresponding number of hypertensive patients in
Africa, and the world respectively.[1]

Hypertension is an important public health issue and has
been described as a “silent killer” that often times has no

Similarly, Diabetes mellitus is increasing globally and in its
natural history has an intermediate, often symptomless
phase known as pre-diabetes(PD) characterized by
impaired fasting glucose (IFG) and impaired glucose
tolerance (IGT).[6] Hypertension may co-exist with the
intermediate phase of Diabetes mellitus (pre-diabetes)
probably because they share similar constitutional and non-
constitutional risk factors.[7,8] Pre-diabetes increases the
risk of Diabetes mellitus in hypertensive patients and both
undiagnosed pre-diabetes and Diabetes mellitus are
associated with diabetic complications.[9,10] The
association of pre-diabetes and hypertension increase the
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overall cardiovascular risk for the patients with the co-
morbid clinical conditions.

Pre-diabetes is a medical condition in which the blood
glucose level is higher than the normal value but not high
enough to meet the criteria for the diagnosis of Diabetes
mellitus.[11] It is characterized by fasting plasma glucose
100 — 125 mg/dL and/or plasma glucose level 140 — 199
mg/dL two hours after a 75g oral glucose load. [6] These
conditions are known as impaired fasting glucose (IFG) and
impaired glucose tolerance (IGT) respectively. Although
individuals with impaired fasting glucose and/or impaired
glucose tolerance do not meet criteria for Diabetes mellitus,
they are at substantial risk for developing Diabetes mellitus
and cardiovascular diseases.[10,12,13]

As the prevalence of Diabetes mellitus increases
worldwide,[1,13] so will the prevalence of pre-diabetes
increase since the latter is a phase in the natural history of
Diabetes mellitus.[6,7] In United States of America, a
prevalence of pre-diabetes of 25% was reported in US
adults and only 4% of them were aware of the medical
condition.[14] In another study in United States of
America, Shobha et al,[15] reported prevalence of 9.7% for
impaired fasting glucose and 15.6% for impaired glucose
tolerance in their study of US adults aged 40 — 74 years
while Lorna et al,[16] reported a prevalence of impaired
fasting glucose of 23.5% among New York City adults. In
Canada, a prevalence of pre-diabetes of 3.5% was reported
among primary care patients.[13] Shugqian et al,[17] in a
study on the prevalence of diabetes mellitus and IFG in
Chinese adults found an IFG prevalence of 4.9%. Shrestha
et al[l18] reported a prevalence of 43% among
hypertensive patients in urban Nepal. In Nigeria, a
prevalence of 25% was reported among hypertensive
patients in a teaching hospital in Enugu, Nigeria. [7]

Screening high risk adult hypertensive patients
specifically for pre-diabetes is a primary care clinic
imperative as persons with pre-diabetes are at increased
risk for the development of cardiovascular complications
independent of progression to Diabetes mellitus[19-21]
Management of pre-diabetes with dietary modifications,
exercise and weight reduction could attenuate progression
to Diabetes mellitus,[21-23] hence the benefit of early
detection of diabetes mellitus at pre-diabetic stage cannot
be overemphasized. This type of study has not been carried
out in the study area thus there is a knowledge gap
regarding pre-diabetes and its burden among adult
hypertensive patients in primary care setting. The findings
of this study would help to bridge this gap and also provide
data for the clinical condition of pre-diabetes among
hypertensive Nigerians in primary care clinic. It is
therefore pertinent to detect early the addition of pre-
diabetes in adult Nigerians with essential hypertension as
early intervention may alter cardiovascular endpoints. The
researchers therefore sought to study the magnitude
(prevalence and pattern) of pre-diabetes among adult
Nigerians with essential hypertension in a primary care
clinic of a tertiary hospital in South-eastern, Nigeria.

2. Materials and Methods
2.1. Ethical Approval

Ethical certificate was obtained from the Ethics
Committee of the hospital. Informed consent was also
obtained from patients included in the study.

2.2. Study Design

This was a primary care clinic-based cross-sectional
analytic study carried out from February 2011 to June 2011.
A total of 320 consecutive adult patients with essential
hypertension and 320 non-diabetic and non-hypertensive
control were screened for pre-diabetes at the department of
Family Medicine of Federal Medical Centre, Owerri, a
tertiary hospital in Imo State, South-eastern, Nigeria.

2.3. Study Setting

Owerri is the capital of Imo State, South-east Nigeria.
The State is endowed with abundant mineral and
agricultural resources with supply of professional, skilled,
semi-skilled and unskilled manpower. Economic and social
activities are low compared to industrial and commercial
cities such as Onitsha, Port Harcourt and Lagos in Nigeria.
Until recently, the capital city and its environ have
witnessed an upsurge in the number of banks, hotels,
schools, markets, industries, junk food restaurants in
addition to the changing dietary and social lifestyles.

Federal Medical Centre, Owerri is located in the
municipal city of Owerri. It is a tertiary hospital
established with the tripartite mandate of service delivery,
training and research and serves as a referral centre for
primary and secondary public health institutions as well as
missionary and private hospitals in Imo State and
neighbouring States of Abia, Ebonyi, Rivers and Akwa
Ibom States of Nigeria.

The department of Family Medicine serves as a primary
care clinic within the tertiary hospital setting of the Medical
Centre. All adult patients excluding those who need
emergency health care services, paediatric patients and
antenatal women are first seen at the department of Family
Medicine where diagnoses are made. Patients who need
primary care are managed and followed up in the clinic
while those who need other specialists care are referred to
the respective core specialist clinics for further
management. The clinic is run by consultant Family
Physicians and postgraduate resident doctors in Family
Medicine.

2.4. Study Population

The study population was made up of 320 adult
hypertensive patients who presented to the primary care
clinic of the hospital during the study period and met the
inclusion criteria. This category of patients constituted the
cases. The control population was also selected from the
primary care clinic of the hospital and was made up of 320
non-hypertensive and non-diabetic patients.
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The control group was matched for age and sex. The
matching for the age was based on age group matching as
in the case category. The control population was subjected
to the same screening test for pre-diabetes. The cases and
control were studied simultaneously during the period

2.5. Inclusion and Exclusion Criteria for the Cases

The inclusion criteria were patients with essential
hypertension aged > 18 years who gave informed consent
for the study. The exclusion criteria included pregnant
patients, diabetic and critically ill patients.

2.6. Sample Size Determination

The sample size for the study was determined from the
sample size formula for comparing proportions in the two
groups[24] N = [ZaV (2P,(1-P))+Z(1-B)V P1(1-P,)+P,(1-
Pz)]z/[Pl—Pz]z, Where N = the minimum sample size, 0=0.05,
$=0.80, Zo=1.96, Z(1-p)=0.842, P, = the prevalence of pre-
diabetes of 25% in hypertensive patients reported in a
previous study in Enugu, Nigeria.[7] and P,=prevalence of
pre-diabetes in the control group from previous study in
Enugu=3%. This gave a minimum sample estimate of 52
hypertensive patients and 52 control group. A total of 320
adult hypertensive patients and 320 control groups were
recruited from those who presented to the clinic during the
study period and met the inclusion criteria.

2.7. Sampling Technique

Sample selection was done consecutively based on the
inclusion criteria for the hypertensive cases. The control
group was selected simultaneously based on those that met
the matching criteria with the cases.

2.8. Basic Demographic Data

The basic demographic data collected from the study
population included age, sex, marital status, education and
occupation. The social classification of patients was based
on five points occupational scale used by Abramson.[25]
However, this was re-classified into lower, middle and
upper occupational classes to suit Nigerian environment.
Class I and II belong to upper class, class III belongs to
middle class while class IV and V belong to lower class.

2.9. Diagnostic Procedures

The blood pressure was measured using auscultatory
method with standard mercury in glass Accuson
sphygmomanometer. Prior to the measurement, the patient
was seated and rested for 5 minutes [26] in sitting position
on a chair that supported the back comfortably. The left arm
muscles were relaxed and the forearm was supported with
the cubital fossa at the heart level. A cuff of suitable size
was applied evenly to the exposed arm. The cuff was
rapidly inflated until the manometer reading was about
30mmHg above the level at which the pulse disappeared
and then slowly deflected. During this time, the Korotkoff

sounds were monitored using a Litman stethoscope placed
over the brachial artery. The systolic blood pressure was
noted at the pressure at which the first heart sounds were
heard(Korotkoff phase I). The diastolic blood pressure was
taken as the pressure at the point when the heart sounds
disappeared(Korotkoff phase v). The blood pressure was
also measured in the right arm as described for the left arm
in order to rule out significant inter-arm blood pressure
difference and the arm that gave the higher reading was
subsequently used. [26] The systolic and diastolic blood
pressures were measured twice separated by an interval of
2 minutes. [26] The three readings were recorded and the
mean value was calculated.

The blood glucose was determined after an overnight fast
between 8.00 hours to 10.00 hours. After adequate
disinfection of the skin over the venepuncture site, 2
millilitres of venous blood sample was drawn from the
cases and control group for fasting glucose estimation. The
cases and control were thereafter given 75g anhydrous
glucose dissolved in 250mls of water to drink over 5
minutes. Two millilitres of venous blood sample was
collected in the same manner two hours after the glucose
load. The plasma glucose estimations were determined by
the glucose oxidase method.[11]

2.10. Diagnostic Criteria

The fasting blood glucose results were grouped as
normal fasting blood glucose (60-99mg/dL), impaired
fasting glucose (100-125mg/dL) and diabetes mellitus (>
126mg/dL). The two hours oral glucose tolerance test was
classified as 60-139mg/dL  (normal), 140-199mg/dL
(impaired glucose tolerance) and >200mg/dL diabetes
mellitus).

2.11. Operational Definitions

Hypertension was defined as systolic and/or diastolic
blood pressures >140/90 mmHg or documented use of
antihypertensive medications in a previously diagnosed
person with hypertension.[27]  Pre-diabetes was defined
as fasting plasma glucose of 100-125mg /dL and /or plasma
glucose level of 140-199mg/dL. 2 hours after a 75g oral
glucose load.[6] Diagnosis of Diabetes mellitus was
based on venous plasma glucose of >126 mg/dl after an
overnight fast which was confirmed by a repeat test on
second clinic visit.[27] Primary care refers to the care
provided by physicians specifically trained for
comprehensive first contact and continuing care for
undifferentiated patients including early detection,
management of the patient, health promotion and
maintenance.

2.12. Statistics

The results generated were analyzed using software
Statistical Package for Social Sciences (SPSS) version 13.0,
Microsoft Corporation Inc. Chicago, IL, USA for the
calculation of percentages for categorical variables and
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mean for continuous data. Categorical variables were
compared by Chi-square test while the mean of fasting
blood glucose and oral blood glucose load between the two
groups were done by the independent t-test. A p-value of <
0.05 was considered statistically significant.

3. Results

The age of the hypertensive patients ranged from 18

years to 79 years with a mean age of 52 + 11.82 years while
the age of the control group ranged from 18 years to 79
years with mean age of 52 £+ 12.72 years. There were 105
males (32.8%) and 215 females (67.2%) in both the
hypertensive patients and the control with a male to female
ratio of 1: 2.1. Other demographic characteristics of the
hypertensive cases and their control group are shown in
table 1.

Table 1. Demographic characteristics of the study population

Variable Hypertension group Number (%) Control group Number (%)
Age

<30 4(1.3) 4(1.3)
30-39 50(15.6) 50(15.6)
40-49 94(29.4) 94(29.4)
50-59 101(31.6) 101(31.6)
60-69 50(15.6) 50(15.6)
>70 21(6.5) 21(6.5)
Total 320(100.0) 320(100.0)
Sex

Male 105(32.8) 105(32.8)
Female 215(67.2) 215(67.2)
Marital status

Married 222(69.0) 293(92.0)
Single 23(7.0) 23(7.0)
Widowed 67(21.0) 0(0.0)
Separated 8(3.0) 4(1.0)
Total 320(100.0) 320(100.0)
Education

No formal education 29(9.1) 14(4.4)
Primary 121(37.8) 97(30.3)
Secondary 81(25.3) 80(25.0)
Tertiary 89(27.8) 129(40.3)
Total 320(100.0) 320(100.0)
Occupation

Student/unemployed 24(7.5) 2(0.6)
Trading 105(32.8) 92(28.8)
Farming 44(13.8) 79(24.7)
Artisans 21(6.6) 32(10.0)
Civil servants 126(39.3) 115(35.9)
Total 320(100.0) 320(100.0)
Social class

Lower 137(42.8) 113(35.3)
Middle 123(38.4) 127(39.7)
Upper 60(18.8) 80(25.0)
Total 320(100.0) 320(100.0)
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Table 2. Prevalence of pre-diabetes among the study population

Pre-diabetes Hypertension group Number (%) Control group Number (%) X df P-value Remark
Yes 106(33.1) 52(16.2)
No 214(66.9) 268(83.8)
Total 320(100.0) 320(100.0) 24.5 1 .001 Significant

Table 3. Pattern of pre-diabetes among the study population

Pre-diabetes

Hypertension group Number (%)

Control group Number (%)

Impaired fasting glucose 94(88.7) 46(88.5)
Impaired glucose tolerance 12(11.3) 6(11.5)
Total 106(100.0) 52(100.0)

Table 4. Mean fasting blood glucose and 2 hours glucose load among the study population.
Parameter Hypertension group Mean(SD)mg/dL Control group Mean(SD)mg/dL t-test P-value Remark
Fasting blood glucose 122.4(1.7) 91.8(2.4) 1.88 <.001 Significant
2 hours glucose load 183.4(1.6) 161.8(1.9) 1.02 .001 Significant

One hundred and six out of a total of 320 hypertensive
patients had pre-diabetes giving a prevalence of 33.1%. Of
the 320 subjects in the control group, 52 had pre-diabetes
giving a prevalence of 16.2% for the control group. The
difference between the two groups was statistically
significant (x> = 24.5, df = 1, p=.001). [Table 2]

Out of the 106 hypertensive subjects with pre-diabetes,
ninety four (88.7%) had impaired fasting glucose while
twelve (11.3%) had impaired glucose tolerance. Of the total
prevalence of 33.1% among the hypertensive patients,
impaired fasting glucose constituted a prevalence of 29.4%
while impaired glucose tolerance was 3.7%. In the control
group, forty-six (88.5%) out of the 52 control group with
pre-diabetes had impaired fasting glucose while six (11.5%)
had impaired glucose tolerance. This translates to a
prevalence of 14.3% for impaired fasting glucose and 1.9%
for impaired glucose tolerance out of the total prevalence of
16.2% among the control group. [Table 3]

Table 4 shows the mean fasting blood glucose and two
hours oral glucose load of the hypertensive patients and the
control group. The mean fasting blood glucose and two
hours oral glucose load between the two groups was
statistically significant. (t=1.88, p-value=<.001; t=1.02, p-
value=.001). [Table 4]

4. Discussion

The prevalence of pre-diabetes among the study
population was 33.1%. This is higher than 25% reported
among hypertensive patients in Enugu, Nigeria[7] and 3.5%
reported among primary care patients in Canada. [13] The
prevalence of pre-diabetes in this study is lower than 39.1%
reported in Calabar, Nigeria[28] and 43% reported in
Nepal.[18] However, the prevalence of pre-diabetes of
33.1% in this study is within the range of 25.0% - 47.0%
reported in the European Study of Hypertension and
Diabetes.[29] However, this study has demonstrated the

existence of pre-diabetes in essential hypertension which is
an issue of phenomenal clinical and public health
importance in Nigeria.[7,28] and other parts of the world
such as Taiwan where pre-diabetes is a rapidly emerging
epidemic.[30] This study has buttressed the previous
reports that the prevalence of pre-diabetes in essential
hypertension in Nigeria is relatively low but is rapidly
changing. [7,28] Although pre-diabetes is an intermediate
phase in the natural history of type 2 diabetes mellitus but
pre-diabetic patients are at increased risk of progressing to
type 2 diabetes mellitus and developing cardiovascular
complications of diabetes mellitus.[10,31] However, not all
hypertensive patients with pre-diabetes will progress to
type 2 diabetes mellitus, but their chances of developing
type 2 diabetes mellitus are high.[8,9,10] This may be
promoted and enhanced by mutable cardiovascular risk
factors such as diet, physical inactivity and immutable risk
factors like age, sex and ethnicity.[31,32] The finding of
this study therefore portends a possible increase in the
incidence of type 2 diabetes mellitus among adult Nigerians
with essential hypertension and underscores the need to
critically assess these patients during clinical encounter in
primary care setting for pre-diabetes. This will help to
reduce the health costs associated with management of their
hypertensive condition and possible concurrent type 2
diabetes mellitus.

The impaired fasting glycaemia was the more common
pattern of pre-diabetes among the study population.
However, the finding of this study has informed the need
for baseline clinical evaluation for impaired fasting
glycaemia and impaired glucose tolerance at the diagnosis
of essential hypertension in primary care. Screening for
pre-diabetes as an additional risk factor among adult
Nigerians with essential hypertension will provide
physicians with an important opportunity to improve on the
clinical care of hypertensive patients. This ensures optimal
health for adult Nigerians with essential hypertension who
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are at risk of developing dysmetabolic syndrome
characterized by abnormal glucose homeostasis. Studies
have also shown that pre-diabetes share similar cardio-
metabolic risk factors with diabetes mellitus and thus
confers some degree of cardiovascular risk among adult
Nigerians with essential hypertension and its concurrent
health hazards. This study has therefore buttressed the
documentation of the growing evidence of the association
between hypertension and pre-diabetes. Early detection of
pre-diabetes in adult hypertensive patients and subsequent
effective intervention will beneficially alter the course of
the disease and thus improve hypertensive management
outcome.[9]

This study has shown that the hypertensive patients had a
significantly higher mean fasting blood glucose and oral
glucose load than the control group respectively. This
finding is similar to previous reports in Nigeria.[7,28] and
other parts of the world such as Nepal.[18] Although, the
exact physiological mechanism linking pre-diabetes with
essential hypertension are not known, but available
evidence suggest that both conditions are related through
insulin  resistance in  glucose  metabolism and
hyperinsulinaemia.[6,29] This is also explained in the
constellation of abnormalities linking type 2 diabetes
mellitus, hypertension and others constellations of
metabolic syndrome.[8,32] Pre-diabetes induce changes in
the cardiovascular system leading to cardiovascular
diseases and it has been shown to be most pathologically
relevant in the aetiopathogenesis of type 2 diabetes
mellitus.[32] The strategies to reduce the risk and burden of
type 2 diabetes mellitus in adult Nigerians with essential
hypertension should therefore focus on control of pre-
diabetes which is largely modifiable.[23] The earlier in the
pre-morbid phase that pre-diabetes is detected in adult
hypertensive patients, the better the prognosis and outcome
of its management. [11-13] Establishing a baseline for the
blood glucose and checking them during patients visits
appropriately can provide the clinicians with an excellent
means of educating their hypertensive patients on lifestyle
modifications and other diverse clinical care.

4.1. Implications of the Study

Disease patterns have been changing in recent decades in
Nigeria due to socio-economic development and
demographic changes. Non-communicable diseases such as
hypertension and diabetes mellitus are implicated for rising
morbidity and mortality from cardiovascular diseases in
Nigeria and carry great concern for the future.[5,27]
Hypertensive individuals do not just develop diabetes
mellitus  overnight, they go through a prolonged
intermediate phase termed pre-diabetes which at present
has been recognized as a phase in the natural history of
diabetes mellitus.[6] Pre-diabetes increases the risk of
cardiovascular diseases and both undiagnosed diabetes
mellitus and pre-diabetes are associated with diabetic
complications since they share similar risk factors.[33,34]
In view of this, screening for pre-diabetes specifically in

the high risk groups such as adult patients with essential
hypertension needs further attention especially in primary
care settings in Nigeria. The health providers, managers
and policy makers should direct interventional strategies to
control hypertension and pre-diabetes as envisioned in the
WHO global strategy on diet, physical activity and health.
[33-38]

4.2. Limitations of the Study

The authors had certain constraints which imposed some
degree of limitations to the absolute generalization of the
findings: The limitations imposed by the cross sectional
‘case-control’ nature of the study design are recognized by
the researchers. Hypertension may antedate the
development of pre-diabetes and vice versa. However, this
study stimulates the need for longitudinal studies. This
would enable a quasi cause-effect relationship to be drawn
and also for a reliable and valid conclusion to be
ascertained.

The sample size used was comparatively small, but this
was the number of patients seen during the approved
duration of the study. The sample was drawn from hospital
attendees in the study area as only patients who presented
to the clinic were studied. Thus extrapolation and
generalization of the results of the study to the entire
population should be done with utmost caution because the
findings may not be a true representation of what may be
obtained in the community.

The study didn’t exclude hypertensive patients that were
on anti-hypertensive medications that affect glucose
homeostasis such as B-blockers and thiazide diuretics
among other lifestyle factors that affect glucose metabolism.
However, reports in Nigeria showed that antihypertensive
medications that affect glucose metabolism didn’t
significantly affect the prevalence of pre-diabetes among
hypertensive Nigerians.[28]

More so, the limitations of not matching the hypertensive
patients for body mass index and other socio-demographic
characteristics such as occupation, marital status, education
and socio-economic class among others are recognized by
the authors. This was designed to avoid over-matching on
the patients socio-demographic characteristics which might
lead to variable degree of systematic error.

Furthermore, the authors didn’t measure insulin levels
because of absence of facilities for it in the study centre.
However, hyperinsulinaemia and insulin resistance are not
found in every patient with hypertension and not all
patients with hyperinsulinaemia have hypertension.

5. Conclusion

This study has shown the existence of pre-diabetes
among the hypertensive patients with impaired fasting
glycaemia being the more common pattern. Screening adult
hypertensive Nigerians for pre-diabetes should constitute
clinical targets for intervention in primary care clinic.
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6. Future Research Direction

In the study area, further hospital-based and community-
based studies are recommended in order to further explore
risk factors of pre-diabetes and its correlates. This will
provide valuable clinical and epidemiological data for
collaborative purposes.
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