
 

Page 1 of 11 
 

Original Research Article 

The impact of disease duration on sex differences in cardiometabolic risk factors in type 
2 diabetic patients on metformin-glimepiride oral therapy  

 

 

 
ABSTRACT  
Aims: Patients with type 2 diabetes mellitus (T2DM) are commonly treated with metformin-
glimepiride combination therapy. The relationship between disease duration and 
cardiometabolic risk factors among T2DM patients on metformin-glimepiride combination 
therapy may be moderated by sex. This, however, has not been investigated in the Ghanaian 
population.  
Study design: This was a cross-sectional study  
Place and Duration of Study: The study was conducted from January to December 2019 at 
the Bolgatanga Regional Hospital which is located in the Upper East region of Ghana.  
Methodology: The study involved 163 patients with T2DM (Female=103 and Male=60) who 
were between the ages of 25 and 70 years. All the participants were receiving metformin-
glimepiride combination oral therapy at the time of sampling. The participants were matched by 
age, duration of disease and age at the onset of T2DM.  The blood pressure and anthropometric 
variables were measured after which fasting venous blood samples were collected and 
analyzed for lipids, insulin, glucose and C-reactive protein.  
Results: There was a significant interaction between sex and the duration of T2DM on fasting 
plasma triglycerides level (P=0.003). The fasting plasma triglyceride reduced with the duration 
of T2DM but the reduction was more marked in males (adjR2=0.200) than females (adjR2= 
0.001).  
Conclusion: Fasting plasma triglyceride levels may be reduced with the duration of T2DM 
among patients on metformin-glimepiride combination therapy. However, this reduction is more 
pronounced in males than in the female. There is a need for sex-specific protocols for the 
control of plasma triglyceride levels among patients with T2DM who are on metformin-
glimepiride combination therapy. 
 
Keywords: Glimepiride, Metformin, Triglycerides, Cardiovascular disease, Diabetes 
mellitus, Ghana  
 
1.0 INTRODUCTION  
Type 2 diabetes mellitus (T2DM) is characterized by a disorder of glucose metabolism in 
adulthood either due to insulin resistance and/or insulin insufficiency (Najim et al., 2013). 
Hyperglycemia is a cardinal feature of T2DM as the glucose uptake by tissues is reduced and 
this may be arising from the low insulin secretion due to β-cell dysfunction or tissue resistance 
to insulin action. Aside from hyperglycemia, T2DM patients also have increased odds of 
dyslipidemia, hypertension and other cardiometabolic risk factors that may lead to complications 
if left untreated (Najim et al., 2013). However, there are sex differences in the onset, 
pathophysiology and cardiometabolic risk factors in T2DM. Females seem to have better lipid 
homeostasis, insulin sensitivity and reduced risk of cardiovascular complications than similarly 
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matched males but may deteriorate faster than males after the onset of T2DM. It has been 
suggested that sex differences in enzyme expression may be dependent on variation in 
regulatory proteins which seem to be related to the presence of estrogen, acting through its 
receptors; Estrogen Receptor beta (ERβ), Estrogen Receptor alpha (ERα) and G-protein 
coupled Estrogen Receptor (GPER) (De Marinis et al., 2008, Wang et al., 2011, Palmisano et 
al., 2018).  
 

There are several strategies in the management of T2DM ranging from dietary and lifestyle 
modification to medications. Metformin and glimepiride are among the most common 
antidiabetic drugs that may be used as monotherapies but are also regularly used in 
combination. Metformin is a biguanide insulin sensitizer that reduces hepatic glucose 
neogenesis and improves glucose uptake by cells (Bosi, 2009). Glimepiride, on the other hand, 
is sulphonylurea that stimulates insulin secretion from pancreatic β-cells. Metformin as a 
monotherapy or in combination with glimepiride has also been shown to have a pleiotropic effect 
on lipid metabolism and blood pressure homeostasis. Previous studies have shown significant 
relationships between disease duration with cardiometabolic risk factors among patients with 
T2DM, although there have been variabilities (Bosi, 2009, Wulffele et al., 2004, Shimpi et al., 
2009).  

However, sex is not strictly a binary variable but a multiple of masculinities or femininities that 
may converge and even interact with some other important sociodemographic and 
environmental variables (Kautzky-Willer et al., 2016). Moreover, the definition of disease 
duration as equaling the time from diagnosis may be a misclassification since T2DM may exist 
subclinically before the actual diagnosis. It is suggested that any significant associations, 
should, however, be regarded as underestimates of the true results rather than false positive 
outcomes (Östgren et al., 2002). Variabilities between the sexes and disease duration in T2DM 
require population-specific studies regarding disease duration and cardiometabolic risk factors 
to inform the decision for sex-specific protocols for the management of cardiometabolic risk 
factors.  
 
2.0 MATERIALS AND METHODS  
2.1 Design and setting  
This was a cross-sectional study from January to December 2019 at the Bolgatanga Regional 
Hospital (BRH). The BRH is the main referral hospital in the Upper East Region of Ghana 
including some referrals from health institutions from the border towns of Burkina Faso. 
 
2.2 Study sample and selection 
The study involved 163 type 2 diabetic patients (F=103, M=60), aged from 25 to 70 years. The 
participants had a disease duration ranging from zero to 13 years and were receiving long-term 
metformin-glimepiride combined oral therapy per the Ghana Health treatment protocol for type 2 
diabetes mellitus (GHS, 2017). Persons with known type 1 diabetes, maturity-onset diabetes of 
the young, gestational diabetes, chronic liver disease, chronic renal disease and/or 
hypertension were excluded.  
 
2.3 Definitions  
Type 2 diabetes mellitus was defined per the criteria proposed by the World Health Organization 
Diabetes Experts Committee as a fasting blood glucose level ≥7.0 mmol/L or a 2-hour post-load 
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glucose ≥11.1 mmol/L (Organization, 1999). Disease duration was defined as the time from the 
diagnosis of T2DM (Östgren et al., 2002).  
 
2.4 Data sources/Measurements  
The sociodemographic and clinical data were collected using a pretested questionnaire. Blood 
pressure was measured twice with a mercurial sphygmomanometer according to the fifth 
Korotkoff sound and mean systolic (SBP) and diastolic (DBP) blood pressure were recorded. 
The standing height and body weight were measured following recommended guidelines. The 
body mass index (BMI) was derived by dividing the body weight (Kg) by the standing height 
(m2). Fasting venous blood samples were then collected and analyzed. The serum/plasma 
fasting blood glucose, total cholesterol (TCHOL), high-density lipoprotein (HDL), low-density 
lipoprotein (LDL), and triglycerides (TRIG) were measured using a routine biochemistry test. 
The serum/plasma insulin and human serum C-reactive protein (CRP) were determined using 
the ELISA technique.  Homeostasis model assessment for insulin resistance (HOMA-IR) was 
calculated using the formula below where FBG is fasting blood glucose in mmol/L and insulin 
was measured in mIU/L (Horáková et al., 2019). 
 
HOMA-IR =   ி஻ீ	௫	ூ௡௦௨௟௜௡

ଶଶ.ହ
  

 
2.5 Statistical analysis   
The data were collected using a Microsoft Excel Spreadsheet before statistical analysis in SPSS 
(v23) and GraphPad Prism (v8). The Shapiro-Wilk Test was used to test for the normality of the 
data and the presence of outliers. Descriptive statistics were then performed and each variable 
was summarized as mean ± SD or median (interquartile range-IQR) for parametric and 
nonparametric variables respectively. Linear regression models with interaction effects were 
formulated. To reduce multicollinearity in the regression models, the disease duration variable 
was centered on its mean by subtracting the mean from each score of the variable. An 
interaction variable was then created between sex (Coded as female=0, male=1) and disease 
duration by multiplying the sex variable by the centered disease duration variable 
(SEX*Duration of T2DM). Linear regression models were then created with a cardiometabolic 
risk factor as the dependent variable and sex, disease duration and interaction terms as the 
predictors. To reduce confounding, age, BMI and WHR were included in each model as 
covariates. The regression standardized predicted values and residuals were used for 
goodness-of-fit testing using a probability-probability (P-P) plot for normality while a scatter plot 
was used to test for homoscedasticity. Where the assumption of homoscedasticity was violated, 
a weight was created using auxiliary regression analysis of the regression residuals. The 
regression analysis was then repeated with the addition of the weight in a weighted regression 
analysis. All statistical analyses were two-tailed at a significant level of P<0.050.  
 
2.6 Ethical statement  
The study complied with the guidelines of the 1964 Declaration of Helsinki and its later 
amendments regarding human subject studies. The study was approved by the institutional 
review board of the Institutional Review Board, Navrongo Research Center, Navrongo. Informed 
consent was obtained from each participant before the study.   
 
3.0 RESULTS AND DISCUSSION  
3.1 Results  
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3.1.1 General characteristics  
The male and female participants were matched by chronological age, age at onset and the 
duration of disease (T2DM). However, females had significantly higher BMI, fasting TCHOL and 
LDL than males (P<0.050) as shown in Table 1.   

 

 

 

 
Table 1. General characteristics of the study population  
Variable  Female Male  P-value 
Age (years) 51.5±8.37 53.4±10.41 0.265 
Age at onset (years) 47.9±8.94 49.6±10.46 0.321 
Disease duration (years) 3.6(0.0-5.0) 3.7(0.3-6.0) 0.700 
BMI (Kg/m2) 29.1±4.93 24.8±4.55 <0.001 
WHR 0.9±0.06 0.9±0.08 0.171 
TCHOL (mmol/L) 4.8±1.37 4.3±1.39 0.049 
HDL (mmol/L) 1.5±0.58 1.4±0.64 0.515 
LDL (mmol/L) 4.3±1.22 3.9±1.26 0.047 
TRIG (mmol/L) 1.5±0.91 1.5±0.89 0.861 
CRP (mg/L) 6.6(2.3-10.8) 8.0(3.2-12.2) 0.585 
SBP mmHg 140±21 136±21 0.177 
DBP mmHg 90±12 86±14 0.184 
HOMA-IR (mUI/mL) 2.7(1.85-3.75) 3.0(1.7-3.6) 0.862 
The results are summarized as either mean ± SD or median (IQR) for parametric and 
nonparametric variables respectively. The differences in means and medians were determined 
using the student t-test (unpaired, 2-tailed) and the Mann-Whitney U test (unpaired, 2-tailed) 
respectively. 

3.1.2  Disease duration and cardiometabolic risk factors  
The sex-moderated regression analysis with assumption testing between disease duration and 
cardiometabolic risk factors are summarized in Tables (2 and 3) and Figure 1. There was 
heteroscedasticity in the first model for fasting triglycerides (Supplementary Figure S1). To 
reduce the heteroscedasticity, weighted regression analysis was then performed for the same 
variable, triglycerides. There was a significant interaction between sex and disease duration on 
fasting triglyceride levels. There was a reduction in fasting plasma triglycerides with the duration 
of T2DM, which was independent of age, BMI, and WHR. Disease duration accounted for about 
4.8% of the variability in fasting plasma triglycerides in the total study sample (adjR2=0.048). 
However, there was a sex difference in the relationship between disease duration and fasting 
plasma triglycerides in T2DM. The relationship was negative in males where disease duration 
accounted for about 20% of the variability in fasting plasma triglycerides (adjR2=0.200). In 
females, the relationship was almost negligible (adjR2=0.001). 
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Table 2. The relationship between sex and T2DM duration on fasting lipid variables  
LR Model Dependent variable  B 95%CI 

 
P-value 

   
Lower  Upper  

 1 TCHOL (mmol/L) 
(Constant) 0.51 -2.96 3.97 0.773 
AGE (years) 0.02 -0.01 0.04 0.198 
BMI (Kg/m2) 0.06 0.01 0.11 0.019 
WHR 1.74 -1.81 5.29 0.334 
SEX -0.31 -0.86 0.25 0.275 
SEX*Duration of T2DM 0.02 -0.10 0.14 0.763 

2 HDL (mmol/L) 
(Constant) 1.46 -0.10 3.02 0.066 
AGE (years) -0.01 -0.02 0.01 0.427 
BMI (Kg/m2) 0.02 -0.01 0.04 0.187 
WHR -0.17 -1.77 1.44 0.839 
SEX 0.01 -0.24 0.26 0.964 
SEX*Duration of T2DM 0.00 -0.05 0.05 0.969 

3 LDL (mmol/L) 
(Constant) 1.07 -2.05 4.18 0.500 
AGE (years) 0.02 -0.01 0.04 0.200 
BMI (Kg/m2) 0.05 0.00 0.10 0.033 
WHR 1.11 -2.08 4.30 0.492 
SEX -0.29 -0.79 0.20 0.246 
SEX*Duration of T2DM 0.04 -0.07 0.15 0.457 

4A TRIG (mmol/L) 
(Constant) -1.82 -4.06 0.43 0.111 
AGE (years) 0.02 0.00 0.03 0.054 
BMI (Kg/m2) 0.02 -0.01 0.06 0.180 
WHR 1.92 -0.38 4.22 0.101 
SEX 0.07 -0.29 0.43 0.704 
SEX*Duration of T2DM -0.08 -0.16 -0.01 0.038 

4B TRIG (mmol/L)     
 (Constant) -1.81 -3.34 -0.28 0.021 
 AGE (years) 0.02 0.01 0.03 0.004 
 BMI (Kg/m2) 0.03 0.00 0.06 0.065 
 WHR 1.82 -0.04 3.67 0.055 
 SEX 0.03 -0.25 0.31 0.843 
 SEX*Duration of T2DM -0.06 -0.10 -0.02 0.003 
Moderated regression analysis with interactions. Where the assumption of homoscedasticity 
was violated (A), weighted regression (B) was also performed.  
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Table 3. The relationship between sex and T2DM duration on non-lipid variables 
LR Model Dependent variable  B 95%CI 

 
P-value 

   
Lower  Upper  

 5 CRP (mg/L) 
(Constant) -9.90 -24.55 4.76 0.184 
AGE (years) 0.04 -0.07 0.15 0.487 
BMI (Kg/m2) -0.01 -0.23 0.20 0.901 
WHR 16.94 1.91 31.96 0.027 
SEX 0.09 -2.25 2.43 0.940 
SEX*Duration of T2DM -0.25 -0.74 0.25 0.321 

6 SBP (mmHg) 
(Constant) 108.47 56.18 160.76 <0.001 
AGE (years) 0.79 0.40 1.19 <0.001 
BMI (Kg/m2) 0.34 -0.43 1.11 0.380 
WHR -19.74 -73.37 33.89 0.468 
SEX -4.97 -13.32 3.39 0.241 
SEX*Duration of T2DM -0.86 -2.63 0.91 0.337 

7 DBP (mmHg) 
(Constant) 69.66 36.80 102.53 <0.001 
AGE (years) 0.22 -0.03 0.47 0.081 
BMI (Kg/m2) 0.35 -0.13 0.83 0.155 
WHR -1.77 -35.48 31.94 0.917 
SEX -2.03 -7.28 3.22 0.446 
SEX*Duration of T2DM -0.20 -1.31 0.91 0.721 

8 HOMA-IR (mUI/mL) 
(Constant) 4.61 0.51 8.71 0.028 
AGE (years) -0.01 -0.04 0.02 0.495 
BMI (Kg/m2) -0.01 -0.07 0.05 0.647 
WHR -0.78 -4.98 3.43 0.716 
SEX -0.01 -0.66 0.65 0.980 
SEX*Duration of T2DM 0.05 -0.09 0.19 0.495 

Moderated regression analysis with interactions. 
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Figure 1. A graph showing the interactions between sex and the duration of type 2 diabetes on 
fasting plasma triglycerides. Moderated regression analysis (A); weighted regression analysis 
(B). PRE=regression predicted value of triglycerides.   
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3.2  Discussion  
The study aimed to determine the sex difference in the relationship between disease duration 
and cardiometabolic risk factors in T2DM patients on metformin-glimepiride oral therapy. It was 
observed that fasting plasma triglycerides reduced with disease duration which was 
independent of age, BMI and WHR. However, the reduction in fasting plasma triglycerides with 
the duration of T2DM was more pronounced in males than in females.  

In this study, the average fasting plasma triglycerides decreased with increasing disease 
duration. However, this observation was more pronounced in males than females. Some 
previous studies have also reported decreased plasma triglyceride with disease duration among 
diabetics on metformin-glimepiride therapy (Ingle and Talele, 2011, Shimpi et al., 2009, Das et 
al.). However, some other studies found no significant difference or even the reverse (Najim et 
al., 2013). Metformin monotherapy has been found to have a significant effect on plasma 
triglycerides according to studies including meta-analysis (Wulffele et al., 2004). A reduction of 
about 0.19 mmol/L in plasma triglycerides, independent of BMI, was observed among patients 
with T2DM in a meta-analytic study that included 37 studies and involved 2891 patients 
(Wulffele et al., 2004). Similarly, metformin in combination with glimepiride has also been found 
to have a lowering effect on plasma triglycerides, but this observation has not been universal 
(Shimpi et al., 2009).  

The primary function of metformin is to reduce hepatic glucose production as well as facilitate 
glucose uptake. However, metformin also has a pleiotropic effect on cardiometabolic processes 
including lipid homeostasis. Metformin action on lipid homeostasis has been suggested to be 
dependent on AMP-activated protein kinase activity in hepatocytes which results in reduced 
VLDL synthesis, increased fatty acid oxidation, emanating from the upregulation of downstream 
lipogenic genes as well as a reduction in sterol regulatory element-binding protein 1 expression 
and acetyl-coenzyme A carboxylase activity (Bosi, 2009). Glimepiride, when administered is 
said to stimulate insulin release and also induce hypoglycaemia. Glimepiride may also have an 
extra-pancreatic potential as an insulin-sensitizer but may also inhibit lipolysis and promote the 
accumulation of triacylglycerol, at least in the adipocytes of rats, although these have not been 
conclusive (Briscoe et al., 2010).  

There was sexual dimorphism in the relationship between fasting plasma triglycerides and 
disease duration. While the reduction of triglycerides was marked in males, it was almost 
negligible in females. Previous studies have demonstrated that there is better lipid homeostasis, 
at least in premenopausal women, compared to similarly matched males. Premenopausal 
women tend to have lower fasting plasma triglycerides than males (Pradhan, 2014). This 
observation has been attributed to the hypolipidemic activity of estrogen which upregulates 
lipoprotein lipase activity and may also increase triglyceride and cholesterol clearance from 
circulation (Meyer et al., 2011, Tramunt et al., 2020, Pradhan, 2014). Moreover, sex differences 
in enzyme expression in lipid homeostasis may be dependent on variations in regulatory 
proteins which seem to be related to the presence of estrogen, acting through its receptors; 
Estrogen Receptor beta (ERβ), Estrogen Receptor alpha (ERα) and G-protein coupled Estrogen 
Receptor (GPER) (De Marinis et al., 2008, Wang et al., 2011, Palmisano et al., 2018).  
 
This study is among a few studies emanating from the northern part of Ghana to have examined 
the relationships between disease duration and cardiometabolic risk factors in T2DM patients on 
oral metformin-glimepiride therapy. The study also used moderated regression with interaction 
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terms while controlling for possible confounders (age, BMI and WHR). There was also, 
assumption testing for linear regression and where the assumption of homoscedasticity was 
violated, weighted regression was used to ensure homogeneity of variance in the regression 
model. The study was, however, limited by not including lifestyle modification factors such as 
diet, physical activity, smoking or alcohol consumption. Previous studies including clinical trials 
and meta-analyses have shown that the pathophysiology of T2DM and its management is 
impacted by lifestyle factors regardless of ethnicity (Hemmingsen et al., 2017, Haw et al., 2017).  
It is recommended that future studies should consider the effect of diet, physical activity, 
smoking and alcohol consumption on cardioembolic risk factors in patients with type 2 diabetes 
mellitus. 
 
4.0 Conclusion  
Fasting plasma triglyceride levels may be reduced with the duration of T2DM among patients on 
metformin-glimepiride combination therapy. However, this reduction is more pronounced in 
males than in the female. There is a need for sex-specific protocols for the control of plasma 
triglyceride levels among patients with T2DM who are on metformin-glimepiride combination 
therapy.  

 
 
Data availability  
The data supporting the findings of this study will be made available upon reasonable request 
from the corresponding author.  
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Supplementary Figure S1: Test of assumptions of multivariable regression analysis. Multivariable 
normality was tested using the probability-probability (P-P) plot (A). The homogeneity of variance or 
homoscedasticity was tested using the scatter plot from the regression residuals and predicted values (B).  


