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Abstract 

Purpose: To examine body mass index (BMI), occupation, sex, age, and duration of therapy as 
contributory factors in treatment failure in type 2 diabetic patients taking metformin and glibenclamide in 
a tertiary hospital in Northwestern Nigeria.  
Method: A retrospective case control study was employed where variables (age, sex, body mass index, 
tribe, duration of therapy, glycaemic profile and occupation) for a total of 520 type 2 diabetic patients 
that took metformin and glibenclamide for a minimum of 1 year were examined. Patients were classified 
into two groups based on progression to triple oral therapy or a switch from metformin and 
glibenclamide therapy. 
Results: Of the 520 patients analysed, 276 failed treatment. Over 90 % of the patients were > 40 years 
while 61 % had been on treatment for > 4 years. The subjects’ mean age was 53.22 ± 9.03 years. The 
mean population body mass index (BMI) was 27 kg/m2. Housewives comprised more than half of the 
population (55.5 %). The mean fasting blood glucose and 2 h post prandial blood glucose levels of 
group 1 were 5.99 ± 0.67 mmol/L and 8.76 ± 2.19 mmol/L respectively while the corresponding values 
for group 2 were 12.55 ± 4.12 mmol/L and 18.42 ± 5.3 mmol/L, respectively. 
Conclusion: Progressive deterioration in pancreatic ß-cell function, BMI > 28 kg/m2, advancing age, 
and young age at diagnosis were identified as contributory factors to the development of secondary 
failure in type 2 diabetics receiving metformin and glibenclamide.  
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INTRODUCTION 
 
Type 2 diabetes mellitus comprises about 90 % 
of people with diabetes around the world and is 
often associated with obesity [1]. According to a 
report of the World Health Organization, risks for 
type 2 diabetes and dyslipidaemia are greatly 
increased in obese subjects (relative risk, more 
than three times), [2]. Glycaemic control reduces 
the risk of blindness, renal failure, neuropathy, 

and other microvascular complications in type 2 
diabetes [3].  
 
Good glycaemic control has become even more 
important with earlier diagnosis and more 
aggressive cardiovascular prevention and 
treatment. In order to monitor and treat 
complications promptly, regular re-examinations 
are essential to type 2 diabetic patients [4]. 
Glycaemic control reduces the risk of 
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neuropathy, blindness, renal failure and other 
microvascular complication in type 2 diabetes [3].  
 
EXPERIMENTAL  
 
Study setting and design 
 
A total of 520 type 2 diabetic patients who 
attended the diabetic clinic at the Medical 
Outpatient Department of Ahmadu Bello 
University Teaching Hospital (ABUTH), Shika, 
Zaria, in northwestern Nigeria were used for the 
study. Ethical clearance was obtained for the 
study from the Department of Medicine Ethical 
Committee of ABUTH (ref no.A374) and the 
research was conducted according to the 
International Ethical Guidelines for Biomedical 
Research Involving Human Subjects prepared by 
the Council for International Organizations of 
Medical Sciences (CIOMS) in collaboration with 
the World Health Organization, Geneva [5]. 
 
The patient folders comprising those that failed 
and those that did not fail treatment with 
metformin and glibenclamide combination were 
obtained from the Medical Records Department.  
Secondary failure was defined as progression to 
triple oral therapy or a switch from metformin and 
glibenclamide therapy [6,13]. A total of 276 type 
2 diabetic patients were identified to have failed 
treatment with a combination of metformin and 
glibenclamide at their maximum doses while 244 
type 2 diabetic patients receiving similar drugs 
but considered responding to treatment were 
used as the control group.  
 
Classification of patients 
 
The control group (those that did not fail) was 
classified as group 1 and those that were 
considered to have failed treatment were 
classified as group 2. The data collected from 
patients’ folders included age, sex, body mass 
index (BMI), tribe, duration of therapy and 
occupation. The glycaemic profile defined as 
fasting blood sugar and 2 h post prandial glucose 
level were taken from the patients’ folders. 
Patients with farming, trading and teaching as 
their occupation were considered as physically 
active and those that are civil servants, house 
wives and pensioners were considered physically 
inactive. 
 
Selection criteria 
 
The criteria used for the selection of the patients 
included having established type 2 diabetes, and 
receiving combination of metformin and 
glibenclamide for a minimum of one year. Others 
were having a fasting blood sugar level of 7.0 

mmol/L and above or a 2 h post prandial (PP) 
glucose level of 10 mmol/L and above for failed 
group as well as having a fasting blood glucose 
level below 7.0 mm/L or 2 h post prandial sugar 
level below 10.0 mmol/L for group responding to 
treatment. 
 
Age and sex distribution, plasma sugar 
concentration (fasting and 2 h PP), ethnic group 
distribution, anthropometry (body mass index) 
and patients' occupation of the patients were 
then studied. 
 
Data analysis 
 
The bio-data collected were processed, coded 
and analyzed using SPSS version 16 and was 
presented as mean ± standard deviation. 
Comparison of means was done using 
independent sample t-test (continuous variable) 
while proportions of independent variables was 
determined using Pearson chi square test 
(categorical variables). Values of p < 0.05 were 
considered significant. 
 
RESULTS 
 
The mean age of patients studied was 53.22 ± 
9.03 years with a range of 30 to 70 years. There 
was no significant difference between the mean 
age of males and females. The mean population 
BMI was 27.0 kg/m2 with female having 
significant higher BMI than males. The mean 
duration of therapy was 6.7 ± 5.08 years (Table 
1). 
 
Table 1: Gender differences in age and BMI of the 
study population 
 

Gender  Age (years)  
(mean ± SD) 

BMI (kg/m 2) 
(mean ± SD) 

Male  54.27 ± 8.78 24.86 ± 3.87 
Female 52.52 ± 9.14 28.22 ± 5.28* 
Both  53.22 ± 9.03 27.00 ± 5.05 

*p < 0.05 
 
General characteristics of the study 
population 
 
Type 2 diabetes mellitus was more commonly 
diagnosed in people older than 40 years with a 
peak in people older than 60 years. Females 
made up 64.6 % of the patients (Table 1). The 
BMI of 28 kg/m2 and above is shown to 
contribute to increased insulin resistance leading 
to treatment failure. About 40 % of the patients 
had BMI of 28 kg/m2 and above. Over 90 % of 
the patients are older than 40 years and about 61 
% of the patients have been on treatment for  
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          Table 2: Frequency distribution of demographic profile of diabetic patients attending the clinic 
 

Parameter  Value Frequency (N)  % 
Sex of patients Male 184 35.4 
 Female 336 64.6 
BMI (kg/m2) ≥28 200 38.5 
 <28 320 61.5 
Age of patients (yrs)  ≥40 488 93.8 
 <40 32 6.2 
Duration of treatment (yrs)  >4 320 61.5 
 ≤4 200 38.5 
Occupation  Active 116 22.2 
 Inactive 404 77.8 

 
more than 4 years (Table 2). About 77 % of the 
patients have occupations that make them 
physically inactive. 
 
Of the 520 patients studied, 276 (53.1%) were 
identified to have failed treatment with 
combination of metformin and glibenclamide. 
 
Occupational distribution of the patients 
 
Housewives comprised more than half of the 
population (55.5 %), farmers were the least with 
only 3 % of the population. Others included civil 
servants (18.2 %), business persons (8 %), 
traders (6 %), teachers (5.5 %), and pensioners 
(4 %).  
 
Ethnic group distribution of the total 
population 
 
Five major tribes in the study area including 
Hausa-Fulani (49.2 %), Yoruba (13.8 %), Igbo 
(5.4 %), Egbira (2.3 %), Idoma (4.6 %) and other 
minor tribes classified as others (24.6 %) were 
represented, Hausa-Fulani comprised of about 
50 % of the patient's population with Egbira 
having the least percentage.  
 
Analysis of blood glucose concentration for 
the two groups of patients 
 
Fasting blood sugar (FBS) and 2 h post prandial 
(2HR PP) plasma glucose level were used as 
markers of glycaemic control. The mean FBS 
and 2HR PP of group 1 was 5.99 and 8.76 
mmol/L as shown in Table 3. This is within the 

normal range and is an indication for good 
response to treatment. However, the respective 
values for group 2 are significantly higher than 
group 1 (Table 3). These higher values of 
glycaemic indices due to poor plasma glucose 
control puts the patient at increased risk of 
diabetic complications. 
 
Table 3: Glycaemic profile for the two groups of 
patients 
 

Parameter  Group 1  
(mean±SD) 

Group 2  
(mean±SD) 

FBS (mmol/L) 5.99 ± 0.67 12.55 ± 4.12* 
2HR PP 
(mmol/L) 

8.76 ± 2.19 18.42 ± 5.30* 

Group 1: Non failed group, Group 2: Failed group SD 
= standard deviation, FBS: fasting blood sugar, 2HR 
PP: 2 hour post prandial blood glucose 
 
Age, duration of therapy and BMI analysis for 
failed and non-failed groups 
 
The mean age of patients in the failed group was 
52.81 ± 9.07 years as against 51.13 ± 7.56 years 
for non failed group. However, there is no 
significant difference in the mean age between 
the two groups as shown in Table 46. No 
statistically significant difference was found in the 
duration of treatment between the two groups 
(Table 4). 
 
The mean BMI for the failed group was 27.48 ± 
4.85 kg/m2 while the non-failed group had a BMI 
of 23.94 ± 4.16 kg/m2. This as shown in table 4 is 
statistically significant (p < 0.05).  
 

 
        Table 4: Difference in age, duration of treatment and BMI for failed and non-failed group 
 

 Variable  Group 1  Group 2  Population  
Age ± SD (years) 51.13 ± 7.56 52.81 ± 9.07 52.49 ± 8.73 
BMI ± SD (kg/m2) 23.94 ± 4.16 27.48 ± 4.85* 26.74 ± 4.14 
Duration of treatment ± SD (yr) 7.56 ± 5.29 6.54 ± 5.06 6.73 ± 5.08 

        Group 1: Non-failed group; Group 2: Failed group; SD = standard deviation 
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Females in the failed group had significantly 
higher BMI when compared to males. There is no 
statistically significant difference between the 
mean age of Groups 1 and 2. 
 
Occupation of patients with treatment failure 
 
Housewives contributed over 50 % of the 
patients within the failed group, followed civil 
servants with 16 %. Farmers, traders and 
pensioners had the least percentage of 3.7 as 
shown in figure 1a. However, no relationship was 
found between occupation of patients and 
treatment failure (p > 0.05). 
 
(a)

 
(b) 

 
 
Fig 1: Occupation (a) and tribal (b) distribution of 
the patients 
 
Tribal distribution of patients with secondary 
failure  
 
Hausa-Fulani comprised of about 50 % of the 
failed group as against the 30 % of the non failed 

group (Figure 1b). The minority tribes contribute 
up to 24 % of the failed group with Egbira having 
the least percentage among the failed group. 
 
DISCUSSION 
 
In the present study, we found out that young 
age at diagnosis, duration of treatment, change 
in body weight and increased BMI were 
responsible for the development of secondary 
failure in diabetes. Most of these factors were 
reported in a prospective cohort study done by 
Ishikawa-Takata et al [7]. Lack of exercise and 
physically inactive jobs are established risk 
factors for the development of treatment failure in 
type 2 diabetes [8]. 
 
Pearson et al [8] in an investigation identified 
pharmacogenetics as a possible cause of 
treatment failure in diabetes, which affects 
patients’ response to anti-diabetic agents. 
Genetic variation in Transcription Factor 7 Like-2 
(TF7L-2) was shown by Pearson et al [9] to result 
in clinically significant difference in the 
therapeutic response to sulphonylurea leading to 
treatment failure in some type 2 diabetes 
patients. Retman and Schadt [10] have identified 
a variant gene for Organic cation transporter-1 
(OCT-1) in patients that failed to respond to 
treatment   with   metformin. OCT-1 is an enzyme 
responsible for metformin entry into hepatocytes 
and enterocytes, thus reducing the amount of 
metformin that ultimately reaches the site of 
action [11]. 
 
In the present work, the patient parameters that 
were studied are age and sex distribution, 
duration of therapy, BMI, tribe and occupation of 
patients. The mean age of the whole population 
is within the normal age for diabetic patients. No 
significant difference was found in age and 
duration of therapy between group that failed and 
those responding to treatment. This finding is not 
in agreement with the findings of Sesti et al [12] 
where they showed relationship between age 
and duration of treatment with treatment failure. 
This could be as a result of the fewer number of 
patients used in this study as compared to the 
earlier work. 
 
Although 64.6 % of the patients in the failed 
group were females, there was no relationship 
found between sex and treatment failure. This 
was in consistence with the result of Eurich et al 
[13], where they also found no relationship 
between sex and secondary failure. 
 



Abubakar et al 

Trop J Pharm Res, September 2014; 13(9): 1525  
 

BMI is a measure of total body mass particularly 
the fat deposit. Higher BMI has been implicated 
in the development of both type 2 diabetes and 
secondary failure during treatment [12]. Patients 
with higher BMI above 28 kg/m2 are shown to be 
at increased risk of developing secondary failure 
[8]. The analysis of BMI carried out revealed that 
the group with secondary failure has significantly 
higher BMI than those responding to treatment. 
This is in agreement with the work of Sesti et al 
[12]. Within the failed group, females had 
significantly higher BMI than males. Since there 
was no relationship between sex and secondary 
failure, the possible explanation to this finding 
could be due to the fact that females, generally, 
have higher fat deposit than their male 
counterpart. Furthermore, they live more 
sedentary life style as they usually stay at home 
and are not very active [14]. 
 
Although Hausa-Fulani tribe contributed a 
significant percentage of the failed group, there 
was no sufficient evidence to suggest 
relationship between tribe and treatment failure. 
The explanation for the large percentage of this 
tribe in the failed group may be due to the fact 
that Hausa-Fulani is the dominant tribe in the 
study area. 
 
Earlier studies have shown relationship between 
physical activity and treatment failure [8]. 
Exercise and occupation with physical activity is 
shown to increase insulin sensitivity and reduce 
the progression of pancreatic β-cell function 
deterioration [15]. Similarly, sedentary life style or 
occupations that are not physically active are 
shown to increase risk of developing secondary 
failure in diabetic patients. 
 
The findings that house wives and civil servants 
which are considered to be physically inactive 
constitute over 60 % of the failed group could 
relate occupation and treatment failure. However, 
no association was found between occupation 
and treatment failure in these patients. 
 
Limitations of the study 
 
Some of the patients who were considered to be 
physically active or inactive based on their 
occupation might in few cases be the opposite. 
Furthermore, the presence of other disease 
conditions which could have contributed to 
treatment failure were not considered during 
selection of subjects. 
 
 
 

CONCLUSION 
 
Progressive deterioration in pancreatic β-cell 
function, BMI greater > 28 kg/m2, and advancing 
age are identified in this study identified as 
possible contributory factors to the development 
of secondary failure in type 2 diabetes. 
 
ACKNOWLEDGEMENT 
 
The support and co-operation of all the staff of 
the Diabetic Clinic of Ahmadu Bello University 
Teaching Hospital Zaria are highly appreciated. 
 
REFERENCES 
 
1. WHO. Definition, diagnosis and classification of diabetes 

mellitus and its complication. Fir rep WHO Consult, 

Depart Non Commun Dis Surveill, Geneva, 1999; 8-

11. 

2. WHO. The health consequences of overweight and 

obesity in adults and children. In Obes Prev Manag 

Glob Epidem, Geneva, 1998; 43– 72. 

3. Ohkubo Y, Kishikawa H, Araki E, Miyata T, Isami S, 

Motoyoshi S, Kojima Y, Furuyoshi N, Shichiri M. 

Intensive insulin therapy prevents the progression of 

diabetic microvascular complications in Japanese 

patients with non-insulin-dependent diabetes mellitus: 

a randomized prospective 6-year study. Diabetes Res 

Clin Pract 1995; 28: 103–117. 

4. Brownlee M. The pathobiology of diabetic complications: 

a unifying mechanism. Diabetes 2005; 54: 1615–

1625. 

5. Council for International Organizations of Medical 

Sciences (CIOMS). International Ethical Guidelines 

for Biomedical Research Involving Human Subjects, 

Geneva, 2002. 

6. Groop CL, Pelkonen R, Koskimies S, Bottazzo FG, 

Doniach D. Secondary failure to treatment with oral 

antidiabetic agent in non-insulin dependent diabetes. 

Diabetes Care 1986; 9: 129-133. 

7. Ishikawa-Takata K, Ohta T, Moritaki K, Gotou T, Inoue S. 

Obesity, weight change and risks for hypertension, 

diabetes and hypercholesterolemia in Japanese men. 

Eur J Clin Nutr 2002; 56(7): 601-607. 

8. Helmrich SP, Ragland DR, Leung RW, Paffenbarger RS. 

Physical activity and reduced occurrence of non-

insulin-dependent diabetes mellitus. New Eng J Med 

1991; 325: 147-152. 

9. Pearson ER, Donnelly LA, Kimber C, Whitley A, Doney 

AS, McCarthy MI, Hattersley AT, Morris AD, Palmer 

CN. Variation in Transcription Factor 7-Like 2 

influences therapeutic response to sulphonylurea: 

Diabetes 2007; 56: 2178-2182. 

10. Retman LM, Schadt EE. Genetic variation in Organic cat 

ion transporter 1  affects response to Metformin. J 

Clin Invest, 2007; 1226-1229. 



Abubakar et al 

Trop J Pharm Res, September 2014; 13(9): 1526  
 

11. Wang DS, Jonker JW, Kato Y, Kusuhara H, Sugiyama Y. 

Involvement of organic cation transporter 1 in hepatic 

and intestinal distribution of metformin. J Pharmacol 

Exp Ther 2002; 302: 510–515. 

12. Sesti G, Laratta E, Cardellini M, Andreozzi F, Del Guerra 

S, Irace C, Gnasso A,  Grupillo M. Marchetti P. The 

E23K variant of KCNJ11 encoding the pancreatic 

beta-cell adenosine 5′-triphosphate-sensitive 

potassium channel subunit Kir6.2 is associated with 

an increased risk of secondary failure to sulfonylurea 

in patients with type 2 diabetes. J Clin Endocrinol 

Metab 2006; 91: 2334–2339. 

13. Eurich DT, Simpson SH, Majumdar SR, Johnson JA. 

Secondary failure rates associated with metformin 

and sulphonylurea therapy for type 2 diabetes 

mell.tus: Pharmacotherapy 2005; 25(6): 810-8I6. 

14. Bakari AG, Onyemelukwe GC. Glucose intolerance 

among apparently healthy Hausa-Fulani northern 

Nigeria. Ann Afr Med 2004; 3(1): 32-34. 

15. Borissova A, Koev DG, Minev MG, Martinova FG, 

Gencova PI, Kirilov GG, Arnaudov J. Factors for 

development of secondary failure to sulfonylurea 

drugs in non-insulin-dependent diabetes mellitus. 

Acta Diabetol 1991; 28(1): 91-98. 
 


