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Abstract

Background: Diabetes mellitus is a metabolic disorder that affects carbohydrate, protein and fat metabolism.  
Body mass index (BMI) and waist-to-hip ratio (WHR) are known anthropometric measurements used to assess

 body fat. Good glycaemic control among diabetics has been found to be difficult to achieve. Several factors 
including increased body fat have been found to affect glycaemic control.  

Aim: This study aimed to assess the relationship between the anthropometric indices (BMI and WHR) and 
glycaemic control among adult diabetics attending the General Out-patient Clinic (GOPC) of Federal Medical 
Centre Makurdi (FMC) Makurdi.

 Materials and methods: This was a cross-sectional study of 359 diabetic patients aged between 18 to 77 years 
selected by systematic sampling technique. Data was collected by interviewer-administered questionnaire. 
Clinical measurements undertaken included BMI, WHR and blood pressure. Fasting blood glucose assay was 
done for all respondents. 

2Results: The proportion of those with good glycaemic control was 58%. The mean BMI was 27.49 ± 4.20 kg/m  
while36.2% of the participants had normal BMI, 0.6 % were underweight, 34.8 % were overweight and 28.4% 
were obese. The mean WHR was 0.93±0.90 cm and 62.1% of the subjects had abnormal WHR.The respondents' 
BMI and WHR were significantly associated with glycaemic control. 
     Multiple logistic regression showed that, normal BMI (aOR= 3.46, CI=1.63-7.35, p=0.01) and normal waist-
to-hip ratio (aOR = 2.56, CI= 1.38 – 4.77, p = 0.03), were independent predictors of good glycaemic control.

Conclusion: The study suggests that a significant proportion of the subjects had poor glycaemic control and 
were mostly overweight or obese. The study also confirms that BMI and WHR are associated with glycaemic 
control. Primary care physicians should therefore increase efforts at counseling type-2 diabetics on the impor-
tance of optimizing body weight.  

Keywords: Anthropometry, Glycaemic Control, Diabetes, Makurdi

iabetes mellitus is a common metabolic disorder worldwide (1). It has a profound influence 

on carbohydrate, lipid and protein metabolism (1).  In 2017, 425 million people worldwide were D
estimated to be living with diabetes with 80% living in low and middle income countries (2) This fig-

 ure is expected to increase to 629 million by 2045 (2).  Nigeria has the highest number of people 

living with diabetes in the African continent and the prevalence of type 2 diabetes (T2DM) among 

Nigerian adults for 2017 was 2.4% (2). Anthropometric indices such as body mass index (BMI) and 

waist-to-hip ratio (WHR) have been recognized to have effect on health outcomes of patients with  

metabolic disorders (3,4,5).
2     The World Health Organization (WHO) classifies BMI into underweight (less than 18.5 kg/m ), 

2 2 2normal weight (18.5 to 24.9 kg/m ), overweight (25 to 29.9 kg/m ) and obese (over 30 kg/m ) (6) 
2 2Obesity is further classified into class I (30-34.9 kg/m ), class II (35-39.9 kg/m ) and class III  (greater 

2  than 40 kg/m ) (6). Some advantages and disadvantages of the use of BMI have been noted.  An 

advantage is that, BMI appears significantly correlated with various metabolic and disease outcomes 

as it is a more direct measure of body fat (4,7,8).  It is also inexpensive and easy to measure (4,7,8). 
 One of its drawbacks is that, it does not take into consideration variation in physical characteristics 

such as truncal obesity  The BMI also fails to take into account loss of height through aging (4)..

The WHR is another simple technique for determining body fat distribution which takes into account 

the differences in body structure (6). Visceral adiposity is characterized by abdominal/truncal obesity 

of the android pattern, rather than the gynaecoid or pear-shaped pattern, which is more common in 

women and is characterized by adipose tissue storage mainly in the thighs and gluteal region (6). 
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A WHR in men greater than 0.90 and greater than 0.85
in women causes increased risk for both cardiovascular 
disease and hypertension (6,8). The WHR has been found 
to be more strongly related to visceral fat than to sub-
cutaneous fat (6). However, WHR has limitations bec-
ause it cannot distinguish between subcutaneous and 
visceral abdominal fat. There is substantial evidence of 
sex and age variation in WHR and some evidence for 
ethnic differences (6).  
     Good glycaemic control is a fasting blood glucose 
of 70 - 130 mg/dL (3.9 – 7.2 mmol/L) (1). The results 
obtained from studies on glycaemic control reports good 
glycaemic control of 64%, 42.7%, 25.1% and 26% from    
Russia (9), China (10), Saudi Arabia (11) and Cameroun  
(12) respectively. In two Nigerian studies carried out in 
Ibadan (13) and Umuahia (14) reported good glycaemic 
control of 65.7% and 61.7% respectively.  However, lite-
rature on the impact of BMI and WHR on glycaemic con-
trol are few. Some studies have found a relationship bet-
ween anthropometric indices and glycaemic control (15,
16). In a Bulgarian study, a significant inverse correlation  
between glycated haemoglobin (HbA1c) and BMI was 
found (15). Similar observation was reported by Alram-
adan and colleagues in Saudi Arabia (16) who attribut-
ed the findings to their lifestyle, diet and other specific 
factors in different nations. 
     Among many factors, urbanization is implicated as 
a factor fuelling the rise in T2DM (8,17,18). Urbanization 
is associated with relocating to an urban area, adopting 
dietary habits which are high in carbohydrates and satu-
rated fats, reduced physical activity, and more reliance 
on motorized transport (8,17,18). The impact of such 
eating habit and sedentary lifestyles may impact on BMI 
and WHR which are measures of body fat. The impact 
of these changes in BMI and WHR on the prevalence 
and management outcome of T2DM are important as-
pects to be evaluated especially that poor glycaemic 
control has been associated with increased financial 
burden and complications (2). 

Materials and methods 
This was a cross-sectional analytical study involving 
359 diabetic patients aged 18 – 77 years. The study 
was conducted at the General Out-patient Clinic of Fed-
eral Medical Centre Makurdi and the duration of the 
study was three months. The minimum sample size 
required was calculated using the Leslie and Kish for-
mula for single proportion (19). 
     When 10% of the minimum sample size (326) for 
anticipated non-response, incompletely filled data and 
missing questionnaires was added (32.6 approximated 
to 33), the sample size was 359 patients.
     The participants were selected by systematic random 
sampling method after obtaining written consent. Ethical 
approval was obtained from the Ethical committee of 
Federal Medical Centre, Makurdi.  All patients who pre-.
sented or benefitted from health education on regular 
eye check, foot care, and nutrition and lifestyle modifi
cation were included in the study. Those that were found 
to be hypertensive were commenced on antihyperten-
sives. An interviewer-administered questionnaire was 
used. The questionnaires contained information on socio-

demographic data and relevant history. The BMI, WHR 
and blood pressure were measured.  Fasting blood glu-
cose assay was recorded once as the patient presented 
for their routine check-up.

Inclusion criteria

1. Counseled adult diabetic patients aged 18 years and 
   above.
2. Patients regular on their oral medications and presented
   for follow-up for at least three consecutive months prior 
   to the time of the study. 
3. Those who had received nutritional counselling and 
   had been adherent to such dietary advice during the 
   course of their management. 

Exclusion criteria 

1. Critically ill patients.
2. Pregnant patients. 

Data collection, measured variables and instruments 
used

1. Questionnaire: The questionnaire was interviewer 
administered and consisted of three sections, A, B and C. 
The first section (A) obtained information about the socio-
demographic characteristics of the subjects including 
age, sex, marital status, highest level of education attai-
ned, occupation, ethnic group, religion and average 
monthly income.  
     The second section (B) assessed relevant diabetes 
history of the patient which could serve as confounders 
such as family history of diabetes, duration of diagnosis 
of diabetes, duration of taking medication and number 
of medication(s) taken, current smoking status, alcohol 
ingestion and level of physical activity.  
     The last section (C) of the questionnaire contained record 
of anthropometric indices (BMI and WHR), blood pressure 
and fasting blood glucose measurements.

Measured variables 

1.  Body weight: The weighing scale (ZT 120 Health 
Scale) was placed on a flat surface. Zero mark calibration 
was ensured before each measurement. Subjects were 
politely requested to remove their footwear and empty 
their pockets of accessories such as cell phones, keys 
and pocket diaries. The study subjects stood still at the 
centre of the scale's platform to distribute weight evenly 
to both feet. The weight was recorded with the resolution 

  of the scale to the nearest 0.1 kilogram (kg).
2.  Height: The standing heights of study subjects were 
measured using a stadiometer (ZT 120 Health Scale). 
They were asked to remove their footwear and headgear

 or cap. The back of the head (occiput), buttocks, calves 
and heels was against the vertical board of the stadiometer.

 The investigator asked them to look straight so that the 
top of the external auditory meatus (ear canal) was at 
the same level with the inferior margin of the bony orbit 
(cheek bone). The head piece of the stadiometer was 
lowered so that the hair (if present) was pressed flat. 
Height was recorded to the resolution of the height rule

  of the nearest 0.1 centimetre (cm).The average of two 
measurements was taken.
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3. Body Mass Index: The body mass index (BMI) was 
calculated using the formula: 

BMI =
Weight (Kg)

2 2Height  (m )
The participants were classified on the basis of their 
BMI into underweight (BMI< 18.5), normal (BMI of 18.5 
to < 25), overweight (BMI of 25 to < 30) and Obese 
(BMI ≥ 30).

4.Waist Circumference measurement: Waist circum-
ference was measured using a measuring tape at the 
level midway between the lowest rib margin and iliac 
crest with the tape all around the body in horizontal 
position. The study subjects stood with their feet fairly 
close together (about 12 – 15 cm apart) so that their 
weight was equally distributed. They were asked to 
breathe normally and the reading of the measurement 
was taken at the end of gentle exhalation. This was to 
prevent subjects from contracting their abdominal mus-
cles or from holding their breath. The tape was loose
enough to allow the investigator to place one finger bet-
ween the tape and subject's body. Measurements were 
recorded to the resolution of the measuring tape to the 
nearest 0.1 cm. The average of two measurements was 
taken.

5.Hip Circumference measurement: Hip circumfere-
nce was measured using a measuring tape. It was 
measured at the maximal circumference around the 
buttock posteriorly and the pubic symphysis anteriorly 
to the nearest 0.1 cm. The average of two measure-
ments was taken.

6.Waist-to-hip ratio: WHR = Waist Circumference/Hip 
circumference (Normal is ≤ 0.90 for males and ≤ 0.85 
for females). Waist-to-hip ratio of > 0.90 for males and 
> 0.85 for females was classified as abnormal.

7. Blood pressure measurement: The blood pressure 
(R) was taken with Accoson mercury sphygmomanometer 

(R) and a 3M Littmann stethoscope. Blood pressure was 
measured with the subject seated and relaxed for about 
5 minutes, with back support, legs uncrossed and the 
arm supported at heart level. The cuff was applied to 
cover two third of the upper arm length. The stethos-
cope was placed gently over the brachial artery at its
 point of maximal pulsation at the cubital fossa and the 
cuff was then inflated rapidly to about 30 mmHg above 
the palpated systolic pressure. The cuff was then defla-
ted at a rate of 2 – 3 mmHg per second to listen to the 
Korotkoff first and fifth sounds which corresponds to 
systolic and diastolic blood pressure respectively. The 
average of two blood pressure measurements taken at 
an interval of at least 2 minutes was used. The subjects 
were classified using the JNC7 report on the prevention, 
detection, evaluation and treatment of high blood press-
ure into normal (<120/80 mmHg), pre-hypertensive (120 – 
139/80-89 mmHg) and hypertensive (≥ 140/90 mmHg).

8.Fasting blood glucose: This was measured at the 
side laboratory using glucometer (One touch ultra 2). 
Good glycaemic control was taken as FBG between 3.9 
and 7.2 mmol/L (70-130 mg/dL) according to the 

American Diabetes Association guidelines for accept-
 able limits of glycaemic control. Those with FBG of < 

7.2 mmol/L were classified as having good glycaemic 
control.

Data analysis

The data was analyzed using the Statistical Package 
for Social Sciences (SPSS) version 18. Qualitative 
variables were expressed as proportions while quant-
itative variables were expressed as mean and standard 
deviation. Chi-square was used to test for association 
between two categorical variables. Multiple logistic 
regression analysis was used to identify the independent 
predictors of glycaemic control. Independent variables 
entered into the multiple logistic regression model were 
those that were significant at 0.1% on bivariate analysis.
 Adjusted odds ratio and its 95% confidence interval were 
calculated. The level of significance was set at p<0.05.

Results

Socio-demographic characteristics of the respondents

Table 1 shows the respondents' socio-demographic 
characteristics. The age range of the respondents was 
35-77 years and the mean age was 56.05 ± 10.32 years. 
Respondents aged 55-64 years (n=131, 36.5%) and 45-54 
years (n= 118, 32.9%) made up slightly more than two-
thirds of the respondents. The age group with the least 
frequency was 75-84 years (n=17, 4.7%). 
     There was an almost equal distribution of males (50.1%) 
and females (49.9%).  Most of the respondents were 
married (n=239, 66.6%). Slightly more than four-fifths of 
the respondents had either secondary education (n=113, 
31.5%) or tertiary education (n=182, 50.7%). On occu-
pation, the highest proportion were the unskilled (n=100, 
27.9%), while skilled workers had the least frequency (n=18, 
5%) Tiv was the most predominant tribe (n=150, 41.
8 %) and majority of the participants were Christians 
(n=326, 90.8 %). Nearly half (n=177, 49.3 %) of the total 
population earned between N 18,000 and N58,999 monthly 
and the least proportion were those who earned less than 
N 18,000 (n=49, 13.6%).

Relevant history of diabetes and blood pressure 
status of the respondents.

Table 2 describes the relevant history of diabetes and 
blood pressure status of the study participants. More 
than half of the subjects had family history of diabetes 
(n=195, 54.3%). Slightly more than half of the respon-
dents had been diagnosed with diabetes between one 
and five years before the study (n= 187, 52.1%), follo-
wed by those with 6-10 years of diagnosis (n=107, 
29.8%). The least proportion were those diagnosed for
 < 1 year (n=26, 7.2%).
     Nearly two-thirds of the respondents had been taking 
medications for between one and five years (n= 223, 
62.1%). The least proportion were those who had been 
taking medications for > 10 years (n=17, 4.7%). Most 
were taking one type of medication (n=220, 61.3%). 
Only five persons (1.4%) were taking three types of 
medications.
A vast majority of the respondents did not smoke ciga-
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S o c io-d e m o g r a p h ic   
c h a ra c te r is tic s   

F re q u e n c y P e rc e n t 

A g e  (in  y e a rs )   
3 5-4 4 4 6 1 2 .8 
4 5-5 4 1 1 8 3 2 .9 
5 5-6 4 1 3 1 3 6 .5 
6 5-7 4 4 7 1 3 .1 
7 5-8 4 1 7 4 .7 
M e a n (S D )=  5 6 .0 5  (1 0 .3 2 )   
G e n d e r   
M a le 1 8 0 5 0 .1 
F e m a le 1 7 9 4 9 .9 
M a rita l s ta tu s   
S in g le 1 6 4 .5 
M a rrie d 2 3 9 6 6 .5 
S e p a ra te d 2 4 6 .7 
D iv o rc e d 2 0 .6 
W id o w e d 6 9 1 9 .2 
C o-h a b itin g 9 2 .5 
L e v e l o f  e d u c a tio n   
N o n e 9 2 .5 
Prim a ry   5 5 1 5 .3 
S e c o n d a ry 1 1 3 3 1 .5 
T e rtia ry 1 8 2 5 0 .7 
O c c u p a t io n   
P ro fe s s io n a l 2 3 6 .4 
C le ric a l 6 6 1 8 .4 
A rtis a n 3 1 8 .6 
S k ille d 1 8 5 .0 
S e m is k ille d 3 1 8 .6 
U n s k ille d 1 0 0 2 7 .9 
U n e m p lo y e d 9 0 2 5 .1 
E th n ic ity   
T iv 1 5 0 4 1 .8 
Id o m a 1 0 6 2 9 .5 
Ig e d e 3 2 8 .9 
O th e rs* 7 1 1 9 .8 
R e lig io n   
C h ris tia n ity 3 2 6 9 0 .8 
Is la m 3 2 8 .9 
T ra d itio n a l 1 0 .3 
A v e ra g e  m o n th ly  in c o m e  
in  N a ira  (N) 

  

L e s s  th a n  1 8 ,0 0 0 4 9 1 3 .6 
1 8 ,0 0 0-5 8 ,9 9 9 1 7 7 4 9 .4 
5 9 ,0 0 0-9 9 ,9 9 9 7 7 2 1 .4 
1 0 0 ,0 0 0  a n d  a b o v e 5 6 1 5 .6 

 

Table 1.  Socio-demographic characteristics of the respondents (n=359)

 *others includes: Yoruba, Igbo, Hausa etc. 

V a r ia b le s    F re q u e n c y P e rc e n t 

F a m ily  h is to r y  o f d ia b e te s  (y e a rs )    

Y e s 1 9 5 5 4 .3 

N o  1
6 4 

4 5 .7 

D u ra t io n  o f d ia b e te s  d ia g n o s is  (y e a r s )   

< 1 2 6 7 .2 

1-5 1 8 7 5 2 .1 

6-1 0 1 0 7 2 9 .8 

> 10 3 9 1 0 .9 

D u ra t io n  o n  m e d ic a tio n (s ) in  y e a rs   

< 1 5 4 1 5 .0 

1-5 2 2 3 6 2 .1 

6-1 0 6 5 1 8 .1 

> 1 0 1 7 4 .7 

N u m b e r  o f m e d ic a t io n (s )   

O n e  m e d ic a tio n 2 2 0 6 1 .3 

T w o  m e d ic a tio n s 1 3 4 3 7 .3 

T h re e  m e d ic a tio n s 5 1 .4 

C u rre n t s m o k in g  s ta tu s   

Y e s 5 0 1 3 .9 

N o 3 0 9 8 6 .1 

C a te g o ry  o f a lc o h o l in ta k e   

N o  in ta k e 
S ig n ific a n t 

2 2 0 
2 7 

6 1 .3 
7 .5 

N o t s ig n ific a n t 1 1 2 3 1 .2 

C a te g o ry  o f p h y s ic a l a c t iv ity     

A d e q u a te 1 2 4 3 4 .5 

In a d e q u a te 2 3 5 6 5 .5 

B lo o d  p re s s u re  s ta tu s   

N o rm a l  3 0 9 8 6 .1 

H y p e rte n s iv e 5 0 1 3 .9 

 

Table 2. Relevant history of diabetes and blood pressure status 
of the respondents

rette (n=309, 86.1 %).  More than half of the participants 
did not ingest alcohol (n= 220, 61.3%). Those who ing-
ested alcohol significantly made up the least proportion

 (n=112, 19.4%). Adequate physical activity was found 
in slightly above a third of the respondents (n=124, 
34.5%). Majority of respondents had normal blood press
ure (n=309, 86.1%).

Body mass index (BMI) and waist-to-hip ratio (WHR) 
of the respondents

Table 3 shows the body mass index (BMI) and waist-
to-hip ratio (WHR) of the respondents. The mean ± 

2standard deviation of the BMI was 27.49±4.20 kg/m , 
with 130 (36.2%) respondents having normal BMI and 
closely followed by overweight (n=125, 34.8%) while 102 
(28.4%) were obese. The mean ± standard deviation of 
the WHR was (0.93±0.90). A higher proportion of respo-
ndents had abnormal WHR (n=223, 62.1%). 

Variables   Frequency Percent 

Body m ass index (BM I) 
kg/m2 

  

Underweight (<18.5)  2 0.6 

Norm al (18.5-24.9) 130 36.2 

Overweight (25-29.9) 125 34.8 

Obese (≥30)  102 28.4 

M ean (SD)= 27.49 (4.20)   

W aist/hip ratio (W HR)   

Norm al 136 37.9 

Abnorm al 223 62.1 

M ean (SD)= 0.93 (0.90) 
 

  

 

Table 3. BMI, WHR and blood pressure status of the respondents

Glycaemic control status of the respondents
Figure 1 shows that 208 (58%) of the participants had 
good glycaemic control. The remaining 151 (42%) had 
poor glycaemic control.

Fasting blood glucose (mg/dl)

Figure 1. A pie chart showing the glycaemic control status of the 
respondents. 

Mean fasting blood glucose (FBG) levels between 
those with good glycaemic control and those with 
poor glycaemic control

As shown in Table 4, the mean fasting blood glucose 
level was significantly lower in those with good glycaemic 
control compared to those with poor glycaemic control 
(5.90±0.77mmol/L vs 9.05±1.54 mmol/L, p<0.01).

Table 4. Comparison of means of FBG of good Vs poor 
glycaemic control

Variable Mean 
FBG 

Std T Df p-
value 

Good control 5.90 0.77  
-25.44 

 
357 

 
<0.01 Poor control 9.05 1.54 
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Relationship between BMI, WHR and glycaemic 
control

Table 5 shows the association between respondents' 
BMI, WHR and glycaemic control. Respondents with 
normal BMI had the highest prevalence of good glyca-
emic control (73.8%, n=96) compared to overweight 
(67.2%, n=84) and obese patients (27.5%, n=28).  The
prevalence of good glycaemic control was higher in those

 with normal WHR compared to those with abnormal WHR 
(75.7%, n=103 Vs 47.1%, n=105). There was a statistically
 significant association between BMI and glycaemic control 
as well as between WHR and glycaemic control (p<0.01).

Table 5: Relationship between BMI, WHR and glycaemic control

*Statistically significant

 
Socio-dem ographic 
characteristics 

Fasting blood glucose 
Good 

control 
n=208 
n (% ) 

Poor control 
n=151 
n (% ) 

Test 
statistics 

Df P-
value 

Age (in years)+   χ2=15.83 4 0.003* 
35-44 29(63.0) 17(37.0)    
45-54 81(68.6) 37(31.4)    
55-64 72(55.0) 59(45.0)    
65-74 17(36.2) 30(63.8)    
75-84 9(52.9) 8(47.1)    
Gender+   χ2=2.72 1 0.099 
Male 112(62.2) 68(37.8)    
Female 96(53.6) 83(46.4)    
Marital status   Fisher’s 

exact=6.06 
5 0.281 

Single 11(68.8) 5(31.3)    
Married 134(56.1) 105(43.9)    
Separated 18(75.0) 6(25.0)    
D ivorced 1(50.0) 1(50.0)    
W idowed 37(53.6) 32(46.4)    
Co-habiting 7(77.8) 2(22.2)    
Level of education+   χ2=17.81 3 <0.01* 
None 5(55.6) 4(44.4)    
Primary  25(45.5) 30(54.5)    
Secondary 53(46.9) 60(53.1)    
Tertiary 125(68.7) 57(31.3)    
Occupation+   χ2=28.84 6 <0.01* 
Professional 18(78.3) 5(21.7)    
C lerical 45(68.2) 21(31.8)    
Artisan 21(67.7) 10(32.3)    
Skilled 10(55.6) 8(44.4)    
Sem iskilled 22(71.0) 9(29.0)    
Unskilled 60(60.0) 40(40.0)    
Unemployed 32(35.6) 58(64.4)    
Ethnicity+   χ2=8.76 3 0.033* 
T iv 82(54.7) 68(45.3)    
Idoma 73(68.9) 33(31.1)    
Igede 14(43.8) 18(56.3)    
Others* 39(54.9) 32(45.1)    
Religion+   Fisher’s 

exact=7.31 
2 0.011* 

Christianity 196(60.1) 130(39.9)    
Islam 12(37.5) 20(62.5)    
Traditional 0(0.0) 1(100.0)    
Average m onthly 
incom e in Naira (N)+ 

  χ2=11.96 3 0.008* 

Less than 18,000 18(36.7) 31(63.3)    
18,000-58,999 104(58.8) 73(41.2)    
59,000-99,999 48(62.3) 29(37.7)    
100,000 and above 38(67.9) 18(32.1)    

 

Table 6. Association between socio-demographic variables and 
glycaemic control  

Relationship between socio-demographic variables 
and glycaemic control

Table 6 shows the bivariate analysis of socio-demog-
raphic characteristics and glycaemic control. The pro-
portion of good glycaemic control was highest in the 
45-54 years age group (68.6%, n=81) and lowest in the 
65-74 years age group (36.2%, n=17) p=0.003). The pre
valence of good glycaemic control was higher in the male
 respondents (62.2%, n=112) compared to the females 
(53.6%, n=96), however, this was not statistically signi-
ficant (p=0.099). The prevalence of good glycaemic 
control was highest among respondents that were co-
habiting (77.8%, n=7) and lowest among those that were 
divorced (50.0%, n=1). However, this was also not stati-
stically significant (p=0.281).   
     Those with tertiary education had the highest prev-
alence of good glycaemic control (68.7%, n=125), while 
those with the least proportion of good glycaemic control 
had primary education (45.5%, n=25) (p<0.01). Resp-
ondents with the highest prevalence of good glycaemic 
control were the professionals while the least prevalence 
was among the unemployed (35.6%, n=32) (p<0.01).
Idoma respondents had the highest prevalence of good 
glycaemic control (68.9%, n=73) while the least preva-
lence was seen among the Igede tribe (43.8%, n=14) 
(p=0.033). Christian respondents had the highest prev-
alence of good glycaemic control (60.1%, n=196). Islam 
practicing respondents had a good glycaemic control 
prevalence of (37.5%, n=12). The only respondent who 
practiced traditional religion had poor glycaemic control 
(p=0.011).
    The prevalence of good glycaemic control increased 
as average monthly income increased. It was lowest in 
respondents who earned less than N 18,000 (36.7%, 
n=18) and highest in respondents who earned N 100,000 

and above (67.9%, n=38 (p=0.008). 

*significant            + eligible for input in logistic regression model (p < 0.1)

Logistic regression analysis of independent factors 
predicting glycaemic control.
A logistic regression analysis shown in Table 7 was done
to determine the independent predictors of glycaemic 
control amongst the study participants. Independent 
variables that were eligible to be entered into the logistic 
regression model were those that were significant at 0.1%
 on bivariate analysis. They included age, gender, level 
of education, occupation, ethnicity, religion and average 
monthly income (Nigerian Naira). BMI and WHR were 
also eligible.
     Compared to those aged 35-54 years, those aged 
75-84 years were nearly three times more likely to have 
good glycaemic control (aOR = 2.92, CI = 0.44 – 19.54, 
p = 0.27). Those aged 45-54 years and 55-64 years also 
had higher odds of achieving good glycaemic control 
(aOR = 1.49, CI = 0.50-4.46, p = 0.47) and (aOR = 1.12, 
CI =0.34 – 3.63, p = 0.86) respectively. The least odds of 
having good glycaemic control was among those aged 
65-74 years (aOR = 0.93, CI = 0.21 – 4.00, p = 0.92). Age 
was not an independent predictor of glycaemic control.
    Men were less likely to have good glycaemic control 
compared to females (aOR = 0.73, CI = 0.41 – 1.32, p = 0.30). 
Those with tertiary education were more likely to achieve 
good glycaemic control (aOR = 1.14, CI = 0.21 – 6.14, 
p = 0.88) compared to others with lower educational levels. 
Gender and education were not independent predictors 

Variables
Fasting Blood Glucose (mg/dl)

Good Control
n=208 
n (%)

Poor Control
n=151
n (%)

Test 
Statistics

df   p-value

Body mass index 
2(BMI) kg/m +

Underweight (<18.5)

Normal (18.5-24.9)

Overweight (25-29.9)

Obese (≥30) 

Waist-hip-ratio 
(WHR)

Normal

Abnormal

0(0.0)

96(73.8)

84(67.2)

28(27.5)

103(75.7)

105(47.1)

2(1.3)

34(26.2)

41(27.2)

74(72.5)

33(24.3)

118(52.9)

2χ =59.56              3

2χ =28.45             1

<0.01*

<0.01*
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of glycaemic control. 
     The odds of having good glycaemic control was 
slightly more than three times higher among those 
whose occupation was in the professional cadre 
(aOR = 3.17, CI = 0.56 – 17.80, p = 0.19) compared to the -
The Idoma respondents were more likely to achieve 
glycaemic control (aOR = 1.55, CI = 0.66 – 3.60, p = 0.31). 
Those who were Christians (reference group) were more 
likely to have good glycaemic control (p = 0.55). The odds 
of achieving good glycaemic control decreased as the 
average monthly income of the respondent increased. 
Occupation, ethnicity, religion, and average monthly income 
were not independent predictors of glycaemic control.
With reference to obese respondents those with normal 
BMI were more likely to have good glycaemic control 
and it was statistically significant (aOR = 3.46, CI = 
1.63 – 7.35, p = 0.01).  Those with normal WHR were 
about two and a half times more likely to achieve good 
glycaemic control compared to those with abnormal WHR 
(aOR = 2.56, CI = 1.38 – 4.77, p = 0.03). 

Body m ass index 
(BM I) kg/m2 

   

Underweight (<18.5) 0.00     0.99 
Norm al (18.5-24.9) 3.46 1.63 – 7.35  0.01+ 

O verweight (25-
29.9) 

1.38  0.70 – 2.73 0.07 

O bese (≥30)*         1.00   
W aist/h ip  ratio  
(W HR) 

   

Norm al 2.56 1.38 – 4.77 0.03+ 

Abnorm al*        1.00   

 

Table 7: Logistic regression model of independent variables 
predicting glycaemic control

* Reference group      + statistically significant

Discussion 

An analysis of the glycaemic control among the study 
participants indicated that 58% of the participants had 
good glycaemic control.  This is lower than 86.1% obt-
ained from a nationwide stratified multistage study in the 
United States (21). The lower proportion of good gly-
caemic control obtained in this study may be due to 
lower socioeconomic power obtained in our environment 
which can make it difficult for patients to afford their die-
tary demands. The higher proportion of good glycaemic 
control obtained in a developed nation like the United 
States may be due to better health facilities and high 
economic power. Conversely in another developed nation, 
Denmark, Rovgi and colleagues reported lower preva-
lence of good glycaemic control of 33% among 1081 

 participants (22). The lower glycaemic control may be 
due to the fact that it was a cross sectional study with 
a response rate of 54% (22).  Furthermore, the facility 
used for the Denmark study was a specialist diabetes 
clinic that gave care to severely ill and those with com-
plications which could have contributed to the lower 
prevalence of good glycaemic control. Alzaheb et al., 
in a cross-sectional study of 423 patients at a tertiary 
diabetic clinic in Saudi Arabia found that the prevalence 
of good glycaemic control was 25.1% (11).  Alzaheb et al., 
also found that greater risk of poor glycaemic control was 
seen among patients living in urban areas, those who 
were overweight or obese and those who did not under-
take sufficient exercise (11).  Similarly, in this study res-
pondents who had abnormal BMI and WHR were more 
likely to have poor glycaemic control.

The prevalence of glycaemic control of 58% obtained 
in this study was  higher than 45% obtained by Ufuoma 
and colleagues in a cross-sectional study aimed at as-
sessing the level of glyceamic control and its determin-
ants among 200 T2DM patients attending a secondary 
hospital in Warri, Nigeria (23). BMI showed a statistically 
significant association with glycaemic control (p<0.01) 

 mirroring the report of some authors in Saudi Arabia(16),
Hawaii (24), Nigeria (23), Bulgaria (15), India (25)  and 
Malaysia (26) but was inconsistent  with some other 
studies  in Turkey (27), Romania (28) and United States 
(29). The reason for this finding in this study is unclear.   
However, the possible mechanism of the association of 
poor glycaemic control with increased BMI may be agg-
ravation of insulin resistance due to increased fat mass 
and visceral adiposity, which affects insulin sensitivity 
and causes insulin resistance (30)
WHR also showed a statistically significant association 
with glycaemic control (p<0.01) which is in consonance 

  with a study by Alramadan in Saudi Arabia (16). The rea-
son for this finding may be similar to that of BMI since 
WHR is also a measure of body fat.
In this study, BMI and WHR were independent predictors 
of glycaemic control following multiple regression ana-
lysis. With reference to obese respondents those with  
normal BMI were more likely to have good glycaemic 
control. This is in agreement with findings by Alzaheb 
and colleagues in Saudi Arabia (11).  
Those with normal WHR were about two and a half times 
more likely to achieve good glycaemic control compared 
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Variables                     Adjusted
odds ratio

(aOR)

95%
confidence

interval
(CI)

p-value

Age (in years)

35-44*                            1.00
45-54                              1.49                     0.50 - 4.45               0.47
55-64                              1.12                     0.34 - 3.63               0.86
65-74                              0.93                     0.21 - 4.00               0.92
75-84                              2.92                     0.44 - 19.57             0.27
Gender 
Male                               0.73                      0.41 - 1.32              0.30
Female*                         1.00
Level of Education*
None*                             1.00 
Primary                           0.63                     0.12 - 3.35               0.59
Secondary                      0.51                     0.10 - 2.57               0.41
Tertiary                           1.14                      0.21 - 6.14               0.88
Occupation
Professional                   3.17                      0.56 - 17.80
Clerical                          1.64                       0.44 - 6.14               0.46
Artisan                           1.36                       0.35 - 5.21               0.66
Skilled                            0.54                       0.13 - 2.34               0.41
Semiskilled                    2.06                       0.60 - 7.16               0.25
Unskilled                        1.20                       0.47 - 3.07               0.71
Unemployed*                 1.00 
Ethnicity 
Tiv                                  0.65                       0.29 - 1.46                0.30
Idoma                             1.55                       0.66 - 3.60                0.31
Igede                              0.57                       0.187 - 1.71              0.31
Others*                           1.00                                                        0.48
Religion
Christianity*                    1.00
Islam                               0.57                      0.20 - 1.58                0.28
Traditional                       0.00
Average Monthly
Income (N)
Less than 18,000*           1.00
18,000-58,999                 0.91                     0.33 - 2.49                 0.85
59,000-99,999                 0.82                     0.25 - 2.63                 0.73
100,000 and 
above                              0.52                      0.13 - 2.11                 0.36  
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to those with elevated WHR (aOR = 2.56, CI = 1.38 – 4.77, 
p = 0.03). The likelihood of having good glycaemic con-
trol when the WHR is normal has also been reported in 
Saudi Arabia (16). The findings on BMI and WHR can 
be attributed to increased insulin resistance when body 
fat increases (30).

Conclusion: Normal BMI and WHR have been identified 
in this study to be independent predictors of good gly-
caemic control. The respondents' BMI and WHR, showed 
statistically significant association with glycaemic control. 
This implies that counseling diabetic patients on the need 
for weight reduction may be useful in their management.
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