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Abstract 

Association of SLC2A2 rs8192675 and SLC22A1 rs72552763 polymorphisms to 

metformin treatment outcomes in Ethiopian patients with type 2 diabetes mellitus 

Abraham Degaga Abdi 

Addis Ababa University, 2024 

Metformin is recommended as the first-line oral glucose-lowering agent by most clinical 

guidelines for people with type 2 diabetes mellitus (T2DM), although there are extensive 

variations in the metformin treatment outcomes, related to the differences in individual 

genetic profiles. Thus, in this study the association of SLC2A2 rs8192675 and SLC22A1 

rs72552763 polymorphisms with metformin treatment response and SLC22A1 rs72552763 

with metformin gastrointestinal intolerance were investigated in Ethiopian patients with 

T2DM. Recently diagnosed patients with T2DM were enrolled at St Paul’s Hospital 

Millennium Medical College. In the metformin treatment response study, a prospective 

observational cohort was conducted on 86 patients receiving metformin treatment for < 1 

year. The participants were classified into metformin responders and non-responders based 

on a cut-off value of 0.5% reduction in HbA1c levels. Genotyping of rs8192675 and 

rs72552763 was performed using TaqMan® Pre-Designed and Drug Metabolism Enzyme 

SNP Genotyping Assay, respectively. The association of each one of the polymorphisms 

with metformin response was assessed by measuring the change in HbA1c levels, while 

the association of rs8192675 polymorphism with metformin response in diabetic 

dyslipidemia was assessed by measuring the absolute change in lipid parameters as well as 

HbA1c levels. On the other hand, in the metformin gastrointestinal intolerance study, a 

retrospective study was conducted in 47 patients on metformin treatment for < 3 years. The 

association of rs72552763 polymorphism to metformin-induced gastrointestinal 

intolerance was assessed based on switching to a new class of glucose-lowering agents or 

failure to up-titrate metformin dose due to gastrointestinal intolerance. Dyslipidemia was 

defined in accordance with the adult treatment panel III. Chi-square, logistic regression, 

student’s t-test, Mann-Whitney and Kruskal-Wallis statistical tests were used as applicable. 

A p-value of less than 0.05 was taken as statistically significant. The minor allele frequency 
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(MAF) of the C-allele in the T>C substitution SNP of SLC2A2 (rs8192675) was 66.2% 

while the MAF of the 3-base pair (GAT) deletion mutation at rs72552763 was 9.4% in our 

study population. Metformin response was significantly higher in deletion_GAT (del_G) 

genotypes as compared to wild-type GAT_GAT (G_G) genotypes 3.675 95% CI (1.005–

13.436) (p = 0.049). Furthermore, a significantly lower median treatment HbA1 level was 

found in del_G genotypes as compared to G_G genotypes 7% vs 8% (p=0.015). However, 

the association of rs72552763 with metformin response was not replicated at the allele 

level. Furthermore, the minor del_allele was significantly associated with good glycemic 

control compared to the G_allele 3.206 95% CI (1.165–8.823) (p = 0.016), though not 

replicated at del_G genotypes level. In contrast, the rs8192675 polymorphism showed no 

significant association with metformin treatment response, glycemic control and 

dyslipidemia. Likewise, no significant association was also observed between rs72552763 

and metformin- induced gastrointestinal intolerance. The prevalence of dyslipidemia was 

92.1 %. The prevalence of mixed atherogenic dyslipidemia, combined dyslipidemia and 

isolated dyslipidemia was 37 (29.1 %), 34 (26.8 %), and 27 (21.3%), respectively. The 

findings demonstrated that heterozygous carriers of the Met420del variants of SLC22A1 

have an increased response to metformin. However, rs8192675 and rs72552763 genetic 

polymorphisms were not associated with metformin treatment response and metformin-

induced gastrointestinal intolerance, respectively. The study also indicated a high 

prevalence of dyslipidemia in people with T2DM, with atherogenic mixed dyslipidemia 

being the commonest pattern.  

Keywords: Type 2 diabetes mellitus, Metformin Response, SLC2A2, rs8192675, diabetic 

dyslipidemia, Metformin intolerance, SLC22A1, rs72552763, Ethiopia 
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1. Introduction 

1.1. Background 

Type 2 diabetes mellitus (T2DM) is a metabolic disease resulting from resistance to insulin 

and progressively declined insulin secretion, which leads to impairment of glucose 

utilization, dyslipidemia, hyperinsulinemia and the subsequent progressive pancreatic beta 

cell dysfunction (Nolan et al., 2015). It is mainly characterized by prolonged high glucose 

levels, which over time causes macrovascular and microvascular complications (American 

Diabetes Association, 2009). Over the past few decades, the burden of T2DM has increased 

globally, particularly in middle and low- income states (J. E. Shaw et al., 2010). 

Furthermore, the fastest increase in the number of patients living with T2DM is projected 

in the sub-Saharan Africa (SSA) region in the next two decades (Agyemang et al., 2016). 

In Ethiopia, recent national data on the prevalence of diabetes is lacking. However, a recent 

study on T2DM reported an overall pooled prevalence of 6.5%, making it one of the highest 

prevalence countries in SSA (Zeru et al., 2021).  

The major risk of T2DM patients is related to its vascular complications, which 

subsequently leads to a significant morbidity and mortality (Liu et al., 2016). Diabetic 

microvasculature is highly predisposed for injury due to genetic predisposition and chronic 

hyperglycemia, leading to impairments of essential organs (Seid et al., 2021). 

Cardiovascular complications are also the major complications of T2DM that lead to 

premature death (MacDonald et al., 2008). Furthermore, dyslipidemia often coexists with 

T2DM (Mithal et al., 2014; Taskinen, 2002), which in turn significantly increases the 

cardiovascular risk (Wilson et al., 2005). As a result, studies showed that about 70–80% of 

people with diabetes would die of cardiovascular diseases (CVD) (Feher, 2004; Huang, 

2009). 

Maintaining blood glucose level within the ideal blood glucose control target is the most 

effective way in preventing complications of diabetes (Reaven et al., 2019). Thus, one of 

the key goals of T2DM management is achieving glycemic control in order to delay or 

prevent diabetes complications. However, despite the recent advancement in the 
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management of T2DM, approximately 50% of patients do not achieve glycemic control 

worldwide (Pastakia et al., 2017). Furthermore, according to the recent combined regional 

estimates on glycemic control, only 37% of the patients with T2DM attained an HbA1C of 

< 7.0% in the Middle East and North Africa (Al-Ma’aitah et al., 2022). Moreover, studies 

have also indicated that glycemic control rates are generally poor in SSA (Kirkman et al., 

2018). Indeed, a recent meta-analysis conducted on glycemic control rates based on 

HbA1C measurements showed that 66.8% of Ethiopian patients with diabetes do not 

achieve adequate glycemic control (Gebreyohannes et al., 2019). In addition, a recent study 

in northeast Ethiopia found that approximately 60% of diabetic patients were affected by 

one or more of diabetic complications (Abejew et al., 2015). Thus, poor glycemic control 

among people with diabetes constitutes a major public health problem and a significant 

risk for complications associated with  diabetes (Carls et al., 2017). Moreover, most of the 

recent studies on T2DM patients associated long duration of diabetes, inadequate physical 

exercise, lower level of education, dyslipidemia and complexity of medications with poor 

glycemic control (Milo & Connelly, 2019; Shan et al., 2017). However, one of the most 

important yet not well studied factor, particularly in Ethiopian patients with T2DM is the 

role of pharmacogenetics; the study that is focused on the variation of human gene and its 

effect on the individual drug response and adverse effect. 

Metformin is the first-line agent for the treatment of  people with T2DM as recommended 

by most clinical guidelines (Davies et al., 2018), which are supported by prospective 

studies (“United Kingdom Prospective Diabetes 34),” 1998; “United Kingdom Prospective 

Diabetes Study 24,” 1998), and recent meta-analyses (Maruthur et al., 2016; Palmer et al., 

2016). The guidelines are founded on the improved glycemic profile and cardiovascular 

mortality reduction by metformin treatment, without the risk of hypoglycemia and weight 

gains that are linked with other glucose lowering agents (“United Kingdom Prospective 

Diabetes 34,” 1998; “United Kingdom Prospective Diabetes Study 24,” 1998; Palmer et 

al., 2016; Sanchez-Rangel & Inzucchi, 2017). Furthermore, metformin is also the favored 

glucose lowering agent because of its minimal cost and relative safety profile (Howlett & 

Bailey, 1999). 
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However, despite its favored profile in the treatment of patients with T2DM, there is a 

substantial variation in response to metformin therapy ranging from up to 4% improvement 

in HbA1C to worsening of HbA1C following treatment (Rena & Sakamoto, 2012) and 

estimates of about 35% metformin monotherapy failure rate (Cook et al., 2007). Thus, in 

patients receiving metformin as their initial treatment for T2DM, only less than two-third 

achieve acceptable glycemic target or a target HbA1c of <7.0% (Hermann et al., 1994; 

Kahn et al., 2006). In addition, metformin therapy is linked with more gastrointestinal 

symptoms than most other oral glucose lowering agents (DeFronzo, 1999; Haupt et al., 

1991). Furthermore, previous studies reported the inter-subject variability in metformin 

treatment response (K. Zhou et al., 2014) and occurrence of side effects related to 

differences in individual genetic profiles (Pawlyk et al., 2014; Todd & Florez, 2014). Thus, 

recently precision medicine is getting attention regarding metformin pharmacotherapy in 

patients with T2DM. As part of an effort to personalize metformin treatment among 

patients with T2DM, several pharmacogenomics studies particularly indicated genetic 

polymorphisms of hepatic glucose transporter and drug transporters in association with the 

observed variations in metformin treatment outcomes.  

In terms of pharmacodynamics, glucose transporter 2 (GLUT2) encoded by solute carrier 

family 2 member 2  (SLC2A2) gene, is reported to be an excellent biological candidate for 

metformin’s pharmacogenetic studies (Dupuis et al., 2010), as it is the main transporter of 

glucose output from the liver (Seyer et al., 2013; Burcelin et al., 2000) and metformin has 

a major pharmacologic effect of reducing glucose output from the liver (Madiraju et al., 

2014; Foretz et al., 2010). Furthermore, a genome-wide association study (GWAS) 

conducted in European patients with T2DM supported this notion indicating that the minor 

C-allele (rs8192675) in the intron of SLC2A2 gene is associated with a greater reduction in 

HbA1c (K. Zhou, Yee, et al., 2016) although not replicated in other studies (Rotroff et al., 

2018). Moreover, the minor C-allele of SLC2A2 might have particular importance in the 

African population as it was reported to have a higher frequency of 79% (rs8192675 (SNP) 

- Population Genetics - Homo_sapiens - Ensembl Genome Browser). 

Similarly, studies conducted in diverse population have suggested that solute carrier family 

22 member 1(SLC22A1) genetic polymorphisms, encoding for one of the main metformin 
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transporters, the organic cation transporter-1 (OCT1) (Becker et al., 2009; Takane et al., 

2008), could affect metformin treatment responses by altering its pharmacokinetics (Dujic 

et al., 2017; Seitz et al., 2015). However, there is no agreement about its precise effect 

since inconsistent and contrasting findings have been reported (Becker et al., 2009; Dujic 

et al., 2015, 2017; Tarasova et al., 2012; Y. Zhou et al., 2015). In addition, a more recent 

study indicated that the role of SLC22A1 polymorphisms in individual responses to 

metformin treatment is population-specific (Mofo Mato et al., 2018). 

Furthermore, variations in the SLC22A1 gene were also reported to be associated with 

metformin induced gastrointestinal adverse effects (Tarasova et al., 2012). Although the 

biological mechanism for metformin-induced gastrointestinal intolerance remains poorly 

understood (K. Zhou, Pedersen, et al., 2016), the accumulation of metformin in the gut as 

a result of the expression of the reduced function variants of SLC22A1 (rs628031 and 

rs36056065) in enterocytes can partially explain the intolerance (Tarasova et al., 2012). 

However, there are inconsistent reports on the association between the role of individual 

SLC22A1 variants and gastrointestinal side effects (Tarasova et al., 2012). Furthermore, 

the reduced function variant of SLC22A1 (rs72552763), methionine deletion at codon 420 

(Met420del), was selected in this study as it is the most studied variant of SLC22A1 for its 

influence on metformin pharmacokinetics and metformin treatment outcomes (both in 

response and gastrointestinal intolerance) though there were inconsistent reports based on 

an extensive survey of recent literature. In addition, the Met420 deletion variant of 

SLC22A1 gene is quite common in African descent (Goswami et al., 2014) and across 

Africa (Schaller & Lauschke, 2019). Moreover, this variant is generally observed in 

combination with a rare OCT1 loss of function polymorphism, Cys88Arg (rs55918055), 

that causes its improper membrane localization and the associated metformin induced 

gastrointestinal intolerance (Dujic et al., 2015). 

1.2.  Statement of the problem 

In clinical practice, the inter-individual variation in response to the first line oral glucose 

lowering agent, metformin, is very high among T2DM patients (Cook et al., 2007; van 

Leeuwen et al., 2013; Florez, 2011). Some of the variations can be explained by differences 
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in  dosage and adherence (Donnelly et al., 2006). However, others do not (Rena et al., 2017; 

R. Song, 2016), suggesting that variations in metformin pharmacogenetics could be a factor 

(Brunetti et al., 2017). Thus, although metformin is still the recommended first-line oral 

glucose lowering agent for patients with T2DM (Overbeek et al., 2017; Tanabe et al., 

2017), there are increasing reports demanding more personalized approaches in its use 

(Holt, 2016; Pearson, 2016), as populations of different ethnic background may exhibit 

marked variability in the metformin treatment outcomes. In addition, few or no studies 

have addressed the role of pharmacogenetics on metformin treatment outcome in Ethiopian 

patients despite an increasing number of patients living with diabetes (Gebreyes et al., 

2018). Consequently, there is a need to assess the potential role of candidate genetic 

polymorphisms, in terms of metformin treatment outcomes in Ethiopian patients with 

T2DM, given the high prevalence of poor glycemic control (Abera et al., 2022; Abdissa & 

Hirpa, 2022). 

To date, although there are several studies, it’s been difficult to designate the exact 

relationship between SLC2A2 rs8192675 and SLC22A1 rs72552763 polymorphisms and 

metformin treatment outcomes in patients with T2DM in ethnically diverse populations. 

Besides, although higher frequencies were reported for these polymorphisms in African 

population, most the studies on these polymorphisms regarding its association with 

metformin treatment outcomes in T2DM primarily focused on Caucasian, Asian and 

European populations (I. S. Song et al., 2008). Thus, similar studies are essential to be 

conducted in African  populations (Campbell & Tishkoff, 2008), including Ethiopia. 

Furthermore, reports emanating from Ethiopian studies indicated a presence of a vast 

number of T2DM patients with dyslipidemia (Abdosh et al., 2019; Gebreyesus et al., 2022; 

Haile & Timerga, 2020). Moreover, although proper management is essential (Dagnew et 

al., 2021), lipid lowering agents are expensive in resource-limited settings like Ethiopia. In 

addition, although dyslipidemia is a well-established devastating cardiovascular risk factor 

in T2DM, different populations might exhibit different changes in their blood lipid profiles, 

owing to their genetic and environmental factors (Sert et al., 2019). Hence, measuring the 

prevalence, pattern and determinants of dyslipidemia and directing the scarce resource in 

its prevention and tailored management is the best solution. However, there is no 
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comprehensive study carried out in Ethiopia to determine the prevalence, pattern and 

determinants of dyslipidemia among patients with diabetes, particularly in T2DM (Bekele 

et al., 2017). 

1.3.  Research questions and hypothesis 

In this study, we hypothesized that metformin treatment outcomes might be influenced by 

pharmacogenetics in Ethiopian patients with T2DM. Thus, primarily two research 

questions related to metformin pharmacogenetics were addressed in our study: I) Does 

metformin treatment response influenced by SLC2A2 rs8192675 and SLC22A1 rs72552763 

polymorphisms in Ethiopian patients with T2DM? II) Does metformin- induced 

gastrointestinal intolerance influenced by SLC22A1 rs72552763 polymorphism in 

Ethiopian patients with T2DM?  

1.4  Objectives 

1.4.1 General objective 

To investigate the association of SLC2A2 rs8192675 and SLC22A1 rs72552763 

polymorphisms with metformin treatment response and SLC22A1 rs72552763 with 

metformin induced gastrointestinal intolerance in Ethiopian patients with T2DM.   

1.4.2 Specific objectives 

 To determine the allele frequencies of rs8192675 polymorphism of SLC2A2 and 

Met420del variant of SLC22A1 (rs72552763) in patients with T2DM at SPHMMC. 

 To investigate the association of rs8192675 polymorphism of SLC2A2 with 

metformin treatment response in patients with T2DM at SPHMMC. 

 To investigate the association of rs8192675 polymorphism of SLC2A2 with diabetic 

dyslipidemia in patients with T2DM at SPHMMC. 

 To investigate the association of Met420del variants of SLC22A1 with metformin 

treatment response in patients with T2DM at SPHMMC. 

 To investigate the association of Met420del variants of SLC22A1 with metformin 

induced gastrointestinal intolerance in patients with T2DM at SPHMMC. 
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1.5 Significance of the study 

 

Understanding genetic predictors of the variability in metformin treatment outcome, both 

in terms of its response and intolerance, is important in the rational utilization of metformin 

pharmacotherapy in patients with T2DM. Accordingly, the finding of our study indicated 

that genotyping for the Met420del variant of SLC22A1 gene may contribute to timely 

identification of metformin treatment responders to non-responders before the start of 

pharmacological therapy if our finding is replicated in the study of larger sample size. 

Furthermore, the findings in our study regarding the association of SLC2A2 (rs8192675) 

and SLC22A1 (rs72552763) polymorphisms with metformin treatment outcomes might 

contribute to knowledge synthesis for the Ethiopian and African genetic diversity in terms 

of metformin treatment response and gastrointestinal intolerance. In addition, this study 

generated evidence on the prevalence, pattern and determinants of dyslipidemia among 

patients with T2DM so as early detection and control of blood lipid levels could be 

possible, thereby reducing adverse events of cardiovascular origin in patients with T2DM. 

1.6 Operational definitions 

Related patient: Having at least one‐first‐degree relative with diabetes (Zhang et al., 2015) 

who has follow up in the diabetic clinic of SPHMMC. 

Unrelated patient: Patient who do not have a related patient in the diabetic clinic of 

SPHMMC. 

Metformin responders: responders were patients showing > 0.5% reduction in HbA1c 

levels from baseline within 3 months of metformin monotherapy and remained low for at 

least another 3 months (Park et al., 2018; Shikata et al., 2007). 

Metformin non-responders: non-responders were patients with < 0.5% reduction in HbA1c 

levels from baseline within 3 months of metformin monotherapy and/or those for whom 

either another hypoglycemic drug was added or replaced because of unsatisfactory 

reduction (Park et al., 2018; Shikata et al., 2007). 
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Glycemic control: Attainment of  HbA1c < 7.0% were defined as good glycemic control 

and poor glycemic control when >7.0% (American Diabetes Association, 2018). 

Physical activity: Individuals who performed at least 150 minutes of moderate-intensity 

exercise per week (3 days) were regarded as active or inactive if performed less than 

150 minutes per week in the last seven days (American Diabetes Association, 2022). 

Adherence to diet: Individuals who adjust their lifestyle (diet) as recommended for at least 

4 days in the last seven consecutive days (American Diabetes Association, 2022).  

Adherence to metformin treatment: A four-item Self-Reported Measure of Adherence scale 

were used to assess medication adherence and individuals who responded “NO’ for all the 

four questions were considered adherent to medication (Lim et al., 2021). 

Metformin daily dose: In the response study, metformin dose per day was defined as the 

average dose in the first three months of metformin treatment (Park et al., 2018; Shikata et 

al., 2007). Metformin dose per day was considered as the last prescribed dose for intolerant 

patients while it was defined as an average dose in the first 6 months (after satisfying 

tolerance definition) of treatment for tolerant patients (Dujic et al., 2015). 

Metformin gastrointestinal intolerance: Patients meeting the following were taken as 

intolerant: I ) Patients on metformin monotherapy and stopped taking metformin immediate 

release (IR) preparation in the first 6 months of metformin treatment and switched to 

another oral glucose lowering agent (including slow-release formulations of metformin) 

within six months of last metformin IR prescription and reported GI adverse effects as the 

reason for switching (Dujic et al., 2015, 2016); II ) Patients on metformin monotherapy 

and  could not increase their metformin IR dose > 500 mg per day despite an HbA1c > 

7.0% because of the reported GI adverse effects (Dawed et al., 2019). 

Metformin gastrointestinal tolerance: Tolerant individuals were defined as those treated 

with > 2,000 mg of metformin per day for more than 6 months (excluding modified-release 

preparations of metformin) and reported no gastrointestinal adverse effects (Dujic et al., 

2015). 
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Dyslipidemia: defined according to the Third Report of the National Cholesterol Education 

Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood 

Cholesterol in Adults (adult treatment panel III) as the presence of one or more of the 

following lipid abnormalities: TC ≥ 200 mg/dl, LDL-C levels ≥ 100 mg/dl, TG ≥ 150 

mg/dl, or HDL-C levels < 50 mg/dl or < 40 mg/dl in females and males, respectively 

(NCEP, 2001). 

Diabetic dyslipidemia: defined as triglyceride levels of > 150 mg/dL and/or HDL levels of 

< 40 mg/dL and < 50 mg/dL in men and women respectively (American Diabetes 

Association, 2022). 

Elevated non-HDL-C: defined as non-HDL-C levels ≥ 130 mg/dl (Grundy et al., 2019). 

Pattern of dyslipidemia: Isolated single-parameter dyslipidemia was defined as 

derangement of only one lipid parameter, combined-parameter dyslipidemia was defined 

as two abnormal lipid parameters while mixed-parameter dyslipidemia was defined as 

elevations in TG and LDL-C combined with decreased levels of HDL-C (Daya et al., 

2017). 

BMI classification: BMI values of 18–24.9 kg/m2 was defined as normal weight, while 

values of 25–29.9 kg/m2 was considered overweight and obese when > 30.0 kg/m2 

(“Obesity,” 2000). 
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2. Literature review 

2.1. Epidemiology of type 2 diabetes mellitus 

T2DM has reached epidemic proportions globally as the International Diabetes Federation 

(IDF) estimated 463 million people living with T2DM in 2019 and this figure is projected 

to rise to 700.2 million by 2045 (Saeedi et al., 2019). Furthermore, evident disparities in 

the projected regional increases were reported, in which SSA countries are expected to 

register the highest growth rates (Saeedi et al., 2019). Thus, T2DM, which was once 

considered rare in SSA, has begun to become an important cause of morbidity and mortality 

(Motala et al., 2022). Furthermore, in contrast to the evidence coming from the Western 

world, numerous reports show that the majority of people diagnosed with diabetes in SSA 

show a distinct diabetes phenotypes in which pancreatic beta cell secretory dysfunction 

predominates rather than peripheral insulin resistance (G. Gill et al., 2010; G. V. Gill et al., 

2011; Kibirige et al., 2019; Mbanya et al., 2010). In support of this notion, a recent GWAS 

of 5231 African patients with T2DM identified a novel locus called ZRANB3 (encoding 

zinc finger RANBP2-type containing 3). ZRANB3 gene product, via apoptotic events, leads 

to the reduction of pancreatic beta cell mass (Adeyemo et al., 2019). In addition, the gene 

that encodes transcription factor 7- like 2 (TCF7L2), well-known to affect pancreatic 

secretory function, is also identified in African populations with T2DM (Adeyemo et al., 

2015). 

Furthermore, several studies (Osei et al., 1997), showed both lower postprandial and basal 

insulin clearance in people of African descent compared to Europeans. Furthermore, 

studies proposed the reduction in hepatic insulin clearance as a compensatory mechanism 

to the body insulin resistance in order to preserve beta cell function (Mittelman et al., 2000), 

based on experimental models. In addition, a 2-year follow-up study in a multi-ethnic 

cohort showed that lower insulin clearance by the liver was an independent determinant of 

the reduced beta-cell function (Galderisi et al., 2019). In agreement with this observation, 

a recent study comparing men of west African descent recently diagnosed with T2DM to 

their European counterpart showed that African men had lower insulin secretion in 
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response to oral glucose with concomitant lower insulin clearance rate by the liver 

(Mohandas et al., 2018). 

Thus, although the conventional paradigm that defines the pathogenesis of T2DM places 

insulin resistance as the primary defect that results in compensatory hyperinsulinemia and 

beta cell exhaustion (Petersen & Shulman, 2018), there is increasing evidence for the 

theory that hyperinsulinemia may be the distinct initial event in the pathogenesis of T2DM 

in Black Africans (Goedecke & Olsson, 2020). Moreover, in contrast to the widely believed 

notion, in some studies circulating TG levels were reported to be lower among Black 

Africans and not associated with the reduction of insulin sensitivity (Knight et al., 2011). 

In addition, studies reported that, there is a huge number of microvascular complications 

from T2DM in SSA compared with other regions of the world (Hayfron-Benjamin et al., 

2019). Indeed, this could in part justified by the late diagnosis of T2DM, lack of specialized 

diabetes care and poor metabolic control (Hayfron-Benjamin et al., 2019). Overall, recent 

literatures underlines the need to comprehensively understand and describe the unique 

phenotype of diabetes in SSA. Hence, these evidences support the need for a much tailored 

approach across ethnicities in defining and managing T2DM (Pearson, 2019).  

2.2 Metformin therapy in type 2 diabetes mellitus 

To date, the efforts in the T2DM management focus to control blood glucose, improve 

insulin resistance, enhance insulin sensitivity, improve symptoms and reduce the risk of 

macro- and microvascular complications (K. Wu et al., 2020). In order to attain these goals, 

metformin is recommended as the first line oral medication in addition to lifestyle 

adjustment, according to  most clinical guidelines (Buse et al., 2020; Dodds, 2017). 

Although metformin is considered as first choice oral glucose-lowering agent and has been 

utilized for the treatment of T2DM for more than half a century, the exact molecular 

mechanism of its antidiabetic effect still remains poorly understood (Foretz et al., 2019).  

Indeed, over the past decades several studies identified multiple cellular targets of 

metformin on its glucose lowering effect, among which, the adenosine monophosphate 

(AMP)-activated kinase (AMPK) pathway has been widely considered the primary 

mechanism (Zhu et al., 2023). It is widely believed that metformin inhibits complex I of 
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the hepatic mitochondrial electron transport chain (Foretz et al., 2019; Yoval-Sánchez et 

al., 2022). Subsequently, hepatic production of adenosine triphosphate (ATP) decreases, 

thereby increasing AMP levels in the hepatocytes. AMPK is a trimeric complex which is 

allosterically regulated by AMP binding, as AMP-bound AMPK promote its 

phosphorylation at Thr172 either by Ca2+/calmodulin-dependent protein kinase kinase β 

(CAMKKβ) or liver kinase B1 (LKB1) (Hardie, 2014). Activation of AMPK is proposed 

to induce disassembly of the cAMP-responsive element-binding protein 1 (CREB) - 

CREB-binding protein (CBP) - CREB-regulated transcription co-activator 2 (CRTC2) 

complex which transcriptionally regulates gluconeogenic gene expression and thereby 

results in the reduction of hepatic glucose production ( Petersen et al., 2017; Lin & Accili, 

2011). It is worth mentioning that CREB is often utilized as gluconeogenic regulation 

readout and the CREB-CBP-CRTC2 transcriptional complex enhances expression of 

glucose-6-phosphatase and phosphoenolpyruvate carboxykinase1, the two gluconeogenic 

genes ( Petersen et al., 2017; Lin & Accili, 2011). In addition, activation of the pathway is 

proposed to induce phosphorylation of acetyl-CoA carboxylase 1 (ACC1) and ACC2, 

which inhibits lipogenesis and enhances hepatic mitochondrial oxidation, respectively 

(Savage et al., 2006), resulting in the reduction of liver diacylglycerol content and 

increased hepatic insulin sensitivity (Fullerton et al., 2013; R. J. Shaw et al., 2005; G. Zhou 

et al., 2001). Furthermore, since gluconeogenesis is an ATP-dependent pathway, the 

decrement in cellular energy charge might account for the reduction in hepatic 

gluconeogenic flux (Foretz et al., 2010). In addition, the increased intracellular levels of 

AMP might lead to the inhibition of AMP regulated hepatic gluconeogenic enzymes such 

as adenylate cyclase and fructose-1,6-bisphosphatase, which contributes to the decreased 

hepatic glucose production (Foretz et al., 2010; Miller et al., 2013; Hunter et al., 2018). 

However, the AMPK pathway was once challenged when studies showed that metformin 

could inhibit liver gluconeogenesis in mice lacking either LKB1 or AMPKα1α2 catalytic 

isoforms (Foretz et al., 2010). Foretz et al., found that the glucose lowering effect of 

metformin was not altered in hepatic AMPK deficient mice, as compared to the wildtype 

(Foretz et al., 2010). Consistently, metformin induced suppression of the gluconeogenic 

genes expression in the liver was comparable in LKB1 deficient, wild-type and 
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AMPKα1α2 deficient hepatocytes, confirming that neither LKB1 nor AMPK are required 

for metformin-induced suppression of gluconeogenesis in the liver (Foretz et al., 2010). 

Indeed, subsequent studies questioned the supra-pharmacological concentrations of 

metformin in the previous study and confirmed that low concentrations of metformin 

inhibits gluconeogenesis via an AMPK dependent mechanism (Cao et al., 2014). 

Therefore, it could be speculated that the cellular mechanisms of metformin-induced 

suppression of glucose production might be associated with its dose (He & Wondisford, 

2015). 

 

On the other hand, studies showed that clinically relevant (micro-molar) metformin 

concentrations suppress hepatic glucose production independent of any detectable changes 

in cellular energy charge (Alshawi & Agius, 2019; Madiraju et al., 2014; Cao et al., 2014). 

However, sometimes measuring the small and transient physiological changes at the 

adenine nucleotide levels might be impeded by technical limitations. Furthermore, using 

AMPK as a sensitive probe in order to detect subtle changes on the AMP to ATP ratio had 

shown metformin mediated changes in energy charge that are not measureable with other 

methods (Hawley et al., 2010). Thus, mitochondrial complex I inhibition mediated 

reduction in energy charge cannot be ruled out as a reason behind the reduced hepatic 

glucose production in response to low doses of metformin. 

 

Furthermore, using clinically relevant doses of metformin, one recent study demonstrated 

that metformin mediated activation of AMPK occurs via inhibition of the lysosomal proton 

pump vacuolar -ATPase (Ma et al., 2022) instead of the mitochondrial complex I. Ma et 

al. further identified the membrane protein presenilin enhancer 2 (PEN2; a subunit of γ-

secretase complex), as the binding partner of metformin. Moreover, they showed that the 

binding of metformin to PEN2 forms a complex with ATPase H+ transporting accessory 

protein 1 (ATP6AP1), subunit of the vacuolar H+-ATPase (v-ATPase), which leads to the 

inhibition of v-ATPase and activation of AMPK (Ma et al., 2022). In addition, using in 

vivo models, they demonstrated that liver-specific PEN2 knockout abolishes metformin-

induced reduction of fat in the liver and glucose tolerance, whereas intestine-specific PEN2 

knockout impairs the glucose-lowering effects of metformin that is associated with GLP1 
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secretion (Ma et al., 2022). Furthermore, the identification of PEN2-mediated AMPK 

activation in the gut by Ma et al., as a mechanism for metformin’s glucose lowering effect 

is in agreement with an early study that indicated activation of duodenal AMPK pathway 

as a mechanism for metformin’s suppression of hepatic glucose production in rats (Duca 

et al., 2015). In addition, the activation of AMPK by metformin is also proposed to increase 

glucose  uptake  by enhancing glucose transporter 4  translocation in  the  skeletal  muscle  

cells (Griffin et al., 2017; Polianskyte-Prause et al., 2019).  

 

More recently, Xie and associates have demonstrated that, metformin upregulates 

microRNA let-7, to downregulate Tet methylcytosine dioxygenase 3 (TET3) and 

suppresses the TET3/ hepatocyte nuclear factor 4α (HNF4α)-P2 axis at clinically relevant 

doses, which in turn leads to decreased hepatic glucose production (Xie et al., 2022). In 

addition, recent studies on patients with T2DM implicated metformin associated alteration 

in the gut microbiome composition as its potential mechanism of glucose lowering action 

(H. Wu et al., 2017; Forslund et al., 2015). Some of the well-documented metformin–

induced gut microbiota alteration is the shift towards short-chain fatty acids (SCFA)-

producing bacteria and increased fecal concentrations of both propionate and butyrate in 

patients with obesity and T2DM (Forslund et al., 2015; Mueller et al., 2021; H. Wu et al., 

2017). The beneficial effects of SCFAs on glucose metabolism occurs mainly via 

modulation of intestinal gluconeogenesis and stimulation of peptide YY and GLP1 release 

from enteroendocrine L cells (De Vadder et al., 2014; Holst et al., 2021). Moreover, 

metformin is also reported to upregulate the expression of sodium glucose cotransporter-1 

(SGLT1) from the upper small intestine, partly through increasing the abundance of 

Lactobacillus species (Bauer et al., 2018). Furthermore,  metformin modulates intestinal 

bile acid pool by reducing Bacteroides fragilis abundance and decreasing its bile salt 

hydrolase activity (Sun et al., 2018). The increased bile acid pool increases bile acid 

glycoursodeoxycholic acid levels, which improves glucose homeostasis via inhibition of 

intestinal farnesoid X receptor signalling through AMPK-independent mechanism of 

increased GLP1 levels ( Sansome et al., 2020; Sun et al., 2018). Furthermore, this notion 

is supported by several studies, which showed that exogenous bile acids increase 

circulating GLP-1 (Adrian et al., 1993; Hansen et al., 2016; Thomas et al., 2009; T. Wu et 
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al., 2013). Interestingly, previous studies also shown that metformin increases the luminal 

concentration of bile acids in the colon and ileum by inhibiting the apical sodium-

dependent bile acid transporter (ASBT) in the ileum (Scarpello et al., 1998). 

2.3 Pharmacogenetics of metformin in type 2 diabetes mellitus 

Despite the popularity of metformin in the treatment of T2DM, there are significant inter-

individual differences in the glucose lowering effect of metformin, while more than 30% 

of patients do not reach the target glycemic level after treatment (Cook et al., 2007). 

Furthermore, approximately 30% of patients had significant metformin associated 

gastrointestinal intolerance after taking normal doses (Ieiri et al., 2006). This variation in 

metformin treatment outcome may reflect phenotypic differences and the variation in drug 

distribution or action. However, several studies have shown no or little clinical effect of 

phenotypic parameters such as sex, age, or BMI on metformin treatment response 

(DeFronzo & Goodman, 1995; Donnelly et al., 2006; Hermann, Scherstén, Bitzén, et al., 

1994), suggesting genetic variation in pharmacodynamics or pharmacokinetics of 

metformin at molecular level may be important. 

To date, four GWAS have been published in different cohorts on metformin, reporting on 

HbA1c change in people with T2DM, with additional GWAS reporting the genetic 

interaction with diabetes prevention and metformin (J. H. Li, Perry, et al., 2023) and acute 

treatment response to metformin in non-diabetic people (J. H. Li, Brenner, et al., 2023). 

The Genetics of Diabetes and Audit Research Tayside Study (GoDARTS) research group 

has pioneered GWAS for metformin response by enrolling 1024 Scottish patients with 

T2DM in 2011. In GoDARTS study, an association signal was detected for metformin 

response around ataxia-telangiectasia mutated kinase (ATM) gene. The strongest detected 

association was at SNP rs11212617. According to the study the C-allele of rs11212617 

was associated with treatment success (K. Zhou et al., 2011). In addition, a significant 

association between rs11212617 and metformin treatment response was replicated in 2 

independent cohorts, UKPDS (UK Prospective Diabetes) cohort of 1113 patients and 

GoDARTS cohort of 1783 patients (K. Zhou et al., 2011). ATM belongs to the 

https://pubmed.ncbi.nlm.nih.gov/?term=Scherst%C3%A9n+B&cauthor_id=7821128
https://pubmed.ncbi.nlm.nih.gov/?term=Bitz%C3%A9n+PO&cauthor_id=7821128
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phosphatidylinositol 3-kinases which phosphorylate key substrates involved in cell cycle 

control and/or DNA repair (Abraham, 1998; Gatti et al., 1988).  

Furthermore, the association of rs11212617 with metformin response was replicated on 

numerous independent cohorts such as the Chinese Han population and the population of 

Western Saudi Arabia (Altall et al., 2019; Y. Zhou et al., 2014). Similarly, in a meta-

analysis involving users of metformin selected from the Rotterdam Study, the Diabetes 

Care System West-Friesland (DCS), and the Collaborative Atorvastatin Diabetes Study 

(CARDS) Trial shown that rs11212617 was associated with treatment success (van 

Leeuwen et al., 2012). In contrast, no significant association was observed between 

rs11212617 and response to metformin in Indian and Iranian patients with T2DM (Shokri 

et al., 2016; Vilvanathan et al., 2014). Furthermore, functional validation of the possible 

role of ATM in metformin treatment outcome remains a subject of controversy. Although 

the investigators presented in vitro data, in cell cultures, that showed ATM was involved 

in metformin mediated activation of AMPK (K. Zhou et al., 2011), it has since been known 

that the small molecule utilized to inhibit ATM in cell culture studies is actually an OCT1 

inhibitor (Yee et al., 2012). Thus, it greatly complicated the interpretation of the 

experiments, in order to determine the mechanistic role of ATM in metformin response. 

Metformin Genetics (MetGen) Consortium performed the second GWAS on metformin 

treatment response in 2016, using participants with a harmonized measure of response to 

metformin. Thus, a genome-wide significant association was detected at rs8192675, in an 

intron of SLC2A2 that codes for GLUT2. According to the research, T2DM patients with 

the C-allele of the intronic variant of SLC2A2 (rs8192675) had increased before treatment 

HbA1c levels and had greater on treatment HbA1c reduction after metformin therapy 

compared to individuals having T-allele at this locus (K. Zhou, Yee, et al., 2016). In same 

study, the C-allele of rs8192675 was shown to result in the reduced expression of SLC2A2 

(K. Zhou, Yee, et al., 2016). Thus, underpinning these genetic observations, a very recent 

study conducted to confirm the direct mechanistic role of SLC2A2 used pre-clinical mouse 

models of diabetes with reduced whole-body Slc2a2 levels. Accordingly, the result of the 

study showed that reduced whole-body Slc2a2 have improved metformin mediated glucose 

uptake into the gut from the circulation. In this Slc2a2+/- mice, reduced Slc2a2 expression 
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resulted a rise in the blood glucose levels that was reversed by metformin treatment. 

Furthermore, they observed a reduction in the Slc2a2 expression in the gut of Slc2a2+/- 

mice exposed to chronic metformin (Morrice et al., 2023). Although it seems 

counterintuitive that decreasing a glucose transporter would improve glucose transport, 

there is evidence in the role of other glucose transporters (like SGLT1) in the metformin 

mediated glucose uptake from the lumen (Morrice et al., 2023).  Thus, it is plausible to 

assume the impact of the other transporters is enhanced in the face of reduced GLUT2 

levels. 

Furthermore, the association of metformin response with rs8192675 has been replicated in 

an independent cohort from the German Diabetes Study (GDS) (Rathmann et al., 2019). 

However, another recent study (Abrahams-October et al., 2021), in the indigenous SSA 

patients with T2DM found no association between the rs8192675 polymorphism of 

SLC2A2 and metformin treatment response. GLUT2, the SLC2A2 gene product, is a low 

affinity facilitative transporter of glucose that is expressed in cells involved in glucose 

homeostasis, i.e., intestine, kidney, liver, and pancreatic cells (Thorens et al., 1990). Thus, 

defects in SLC2A2 gene could potentially affect glucose homeostasis at any of these sites 

(K. Zhou et al., 2014). The SLC2A2 rs8192675 in addition to its association with metformin 

treatment response, other studies indicated several potentially interesting associations with 

various metabolic phenotypes, including HDL and TG levels. Interestingly, data collected 

from the discovery cohort, Genetic Epidemiology of Responses to Antihypertensives 

studies (GERA I and II) showed that SLC2A2 rs8192675 was associated with decreased 

HDL levels and increased TG levels after adjusting for covariates (Le et al., 2013). 

The third GWAS on 1312 white and black participants used a large cohort of patients with 

T2DM in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study, and 

showed that the variants in carboxypeptidase A6 (CPA6), pre-mRNA processing factor 31 

(PRPF31) and signal transducer and activator of transcription 3 (STAT3) were associated 

with metformin response (Rotroff et al., 2018). Variants rs2162145 in CPA6 and rs254271 

in PRPF31 were associated with better and worse metformin response, respectively. 

Interestingly, rs254271 is an expression quantitative trait locus for PRPF31 and nearby 

genes, including NADH:ubiquinone oxidoreductase (NDUFA3), which codes for a subunit 
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of the complex I of the respiratory chain (Lonsdale et al., 2013; Owen et al., 2000; Zeller 

et al., 2010). Meta-analysis in independent cohorts also displayed similar associations with 

metformin treatment response (Rotroff et al., 2018). Additionally, the rare variant STAT3 

achieved statistical significance with worse metformin response (Rotroff et al., 2018). 

However, the findings from the previous GWAS which have identified the association of 

rs8192675 in SLC2A2 and rs11212617 in the ATM gene with metformin treatment 

response were not replicated in the ACCORD study (Rotroff et al., 2018). 

The recent and fourth discovery GWAS utilized data from 447 African Americans, while 

replication study was undertaken in 466 European Americans and 353 African Americans 

(B. Wu et al., 2024). The most significant allele associated with metformin response and 

replicated was rs143276236, an intronic SNP of ADP-ribosylation factor guanine 

nucleotide exchange factor 3 (ARFGEF3), which has a plausible connection with glucose 

metabolism, since it is expressed in β-cells and α-cells and its knockout in mice increased 

insulin granule content and its secretion (H. Li et al., 2014, 2015). The genome-wide 

variant, rs143276236, was not replicated European American population while it was 

replicated in an independent cohort of African Americans. While the mechanistic 

relationship between metformin treatment response and ARFGEF3/BIG3 remain to be 

determined, the gene itself is a biologically plausible mediator of blood glucose level (B. 

Wu et al., 2024). 

On the other hand, most candidate gene association studies as well as several experimental 

studies demonstrated that drug transporter gene polymorphisms may alter metformin 

disposition in the body, given metformin virtually exists as a monoprotonated cation at 

physiological pH and its transport across biological membranes involves uptake via 

specific transporters (Hardie, 2014). 

As such, metformin uptake from the intestinal lumen is primarily mediated by plasma 

membrane monoamine transporter (PMAT) and OCT3 which are localized in the apical 

membrane of enterocytes. The drug is subsequently transported from the enterocytes into 

the bloodstream by the basolateral OCT1 (Liang & Giacomini, 2017). The liver uptake of 

metformin is mediated by OCT1 and possibly OCT3, whereas multidrug and toxin 
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extruders-1 (MATE1) contributes to its hepatic elimination (Liang & Giacomini, 2017), 

while its transport into the renal epithelial cells depends on OCT2 and its urinary excretion 

is mediated by MATE1/2 (Liang & Giacomini, 2017; Phate et al., 2020). Among which, 

OCT1 is the most studied transporter protein regarding the association of its genetic 

variants with metformin treatment outcome, as it is implicated in the intestinal absorption 

and hepatic distribution of metformin (Shu et al., 2007). OCT1 is a member of polyspecific 

OCT family expressed in the intestine, kidney and liver (Gründemann et al., 1994). It is 

electrogenic, facilitative transporter that function bidirectionally and it is independent of 

chloride and sodium ions (Koepsell & Endou, 2004; Wagner et al., 2016). However, there 

are inconsistent reports in associating metformin treatment outcome with genetic variants 

of OCT1 (Nies et al., 2009). In addition, the SLC22A1 gene is highly polymorphic and 

several variants of the gene affect transporter function and expression (Florez, 2017; 

Umamaheswaran et al., 2015). Thus, the importance of OCT1 and the potential role of 

SLC22A1 in metformin pharmacogenetics suggest that further studies are required to 

scrutinize its relationship with metformin treatment outcome in different ethnic 

populations. 

2.3.1 SLC22A1 polymorphisms on metformin treatment response 

In recent years, the association of SLC22A1 genetic variations with metformin treatment 

response has been extensively studied but the results were contradictory (Mofo Mato et al., 

2018). Indeed, studies on the potential role of SLC22A1 polymorphisms in metformin 

therapeutic responses demonstrated both positive and negative effects (Mofo Mato et al., 

2018). Thus, the inconsistent outcomes might be attributed to the differences in the 

frequency of the genetic variants and/or due to population differences that could also be 

genetic or environmental (Bachtiar & Lee, 2013). 

A recent meta-analysis specifically on the studies involved Chinese population showed that 

T2DM patients homozygous for the rs628031, reduced function variant of SLC22A1, 

exhibited greater reductions in FBG level compared with variant heterozygous and wild 

homozygous after metformin monotherapy (Peng et al., 2023). The rs628031 (1222A>G) 

polymorphism causes a missense mutation in the OCT1 functional protein that changes 
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methionine by valine at position 408 (Met408Val) (Becker et al., 2009), which causes 

decreased OCT1 mRNA expression in the enterocytes that decreases intestinal metformin 

absorption and its plasma concentration (Semiz et al., 2013). In addition, the pooled result 

from the same study showed that SLC22A1 rs622342 was associated to the glucose 

lowering action of metformin. The rs622342 polymorphism does not change the amino 

acid sequence of OCT1 functional protein, although it may affect its gene expression (Peng 

et al., 2023). Similarly, research conducted on 33 individuals in Japan associated the 

Met408Val variant of SLC22A1 as positive predictor of metformin efficacy (Shikata et al., 

2007). Likewise, a study conducted on healthy volunteers from the Danish population 

showed Gly401Ser reduced function variant of SLC22A1 was associated with a 

significantly better absolute decrease in HbA1c levels (Christensen et al., 2015b). Glycine 

to serine substitution at codon 401 (Gly401Ser), caused by 17857 G>A polymorphism at 

rs34130495, results a general impairment of OCT1 transport activity without affecting its 

membrane localization (Seitz et al., 2015). In addition, although the true effect of 

rs4646272 (-43T>G) intronic variant of SLC22A1 remains unknown, it exhibited a greater 

reduction of HbA1c and FBG in Han Chinese population (Y. Zhou et al., 2015).   

In contrast, a Danish study on T2DM patients found out that the rs72552763, rs34059508 

and rs12208357 decreased function variants of SLC22A1 were associated with lower 

trough metformin concentrations and a reduction in the absolute decrease in HbA1c 

following metformin therapy, although the association of number of reduced function 

alleles with a reduction in the absolute decrease in HbA1c was no longer found to be 

statistically significant after adjustment for baseline HbA1c (Christensen et al., 2011). 

Similarly, Shu and colleagues conducted a series of experiments to investigate whether 

reduced function variants rs12208357 (R61C), rs72552763 (Met420del), rs34130495 

(G401S) and rs34059508 (G465R) of SLC22A1 contribute to the reduction in therapeutic 

response to metformin. The study by Shu et al showed that healthy volunteers carrying at 

least one of the four reduced function variants had higher plasma glucose levels in the oral 

glucose tolerance test (OGTT) compared to those having only reference alleles (Shu et al., 

2007). Furthermore, the intronic variant rs4646272 (-43T>G) of SLC22A1 was also 

reported to be a negative predictor of metformin efficacy in a Japanese population (L. Chen 
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et al., 2010). Moreover, the Rotterdam Study involving T2DM participants, reported a 

reduced glucose lowering action of metformin in association with the reduced function 

rs622342 variant of SLC22A1 (Becker et al., 2009). 

On the other hand, the study involving 1531 patients with T2DM found that the two most 

common SLC22A1 polymorphisms, rs72552763 (Met420del) and SLC22A1 rs12208357 

(R61C), were not associated with glycemic response to metformin. The finding of the study 

reported that both R61C and Met420del variants of SLC22A1 did not affect the initial and 

long-term HbA1c reduction and the chance of reaching a treatment target (K. Zhou et al., 

2009). Furthermore, a study in healthy volunteers indicated that the different genotypes of 

SLC22A1 had no impact both on glucose utilization and metformin steady-state 

pharmacokinetics (Christensen et al., 2015b, 2015a). 

Besides, although several studies demonstrated that SLC22A1 genetic variants may alter 

metformin pharmacokinetics, pooled analysis indicated that these alteration on metformin 

dispositions might not be significant enough to affect the clinical metformin effectiveness. 

However, the analysis involved only T2DM patients with European ancestry (Dujic et al., 

2017). 

2.3.2 SLC22A1 polymorphisms on metformin induced gastrointestinal intolerance 

Several studies postulated the decreased transport of metformin through OCT1 might raise 

local metformin concentration in the intestine, hence leading to metformin's 

gastrointestinal side effects (Dujic et al., 2015; Khatami et al., 2019; Wilcock & Bailey, 

1994). In support of this assumption, the Met408Val variant of SLC22A1 in cohort of 

T2DM patients from Latvia shown to predispose to metformin associated gastrointestinal 

intolerance. Furthermore, the authors of the study reported that the rs628031 and 

rs36056065 reduced function variants of SLC22A1 were independently associated with the 

occurrence of metformin associated gastrointestinal adverse effects, although reported no 

association with rs72552763 variants (Tarasova et al., 2012). Similarly, in another study 

involving participants from Bosnia and Herzegovina, the rs12208357 and rs72552763 

reduced function variants of SLC22A1 were associated with metformin associated 

gastrointestinal side effects (Dujic et al., 2016).  In addition, a large cohort of GoDART 
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Study, showed that two reduced function SLC22A1 alleles (rs12208357 and rs72552763) 

were associated with metformin associated gastrointestinal intolerance (Dujic et al., 2015). 

The 181C>T polymorphism at rs12208357 changes arginine to cysteine at position 61 

(Arg61Cys) in the OCT1 functional protein that leads to a decreased OCT1-mediated 

metformin uptake by more than 70% (Seitz et al., 2015). The rs72552763 which is the most 

common functional variant of OCT1, constitutes a 3 base pair deletion at position 420 

(Met420del). Although it does not change the membrane localization of OCT1 (Koepsell 

et al., 2007), Met420del decreases OCT1 mediated metformin uptake by more than 60% 

(Seitz et al., 2015). Moreover, individuals with two SLC22A1 reduced-function alleles 

receiving treatment with known OCT1 inhibitors exhibited a nearly four times more 

gastrointestinal intolerance in the GoDART study (Dujic et al., 2015). Thus, inadequate 

OCT1 transport appears to be the major contributor in the metformin associated 

gastrointestinal intolerance, although there is lack of consistency in the association between 

individual reduced function SLC22A1 variants and metformin induced gastrointestinal 

intolerance. 

2.4 Dyslipidemia in type 2 diabetes mellitus 

In T2DM, insulin resistance and/or deficiency trigger a cascade of metabolic 

derangements, that leads to a characteristic lipoproteins abnormality termed as diabetic 

dyslipidemia, which is characterized by elevated TG, low levels of HDL-C and slightly 

elevated LDL-C, with higher proportion of small dense LDL-C particles (Bekele et al., 

2017; Grundy, 1997; Macho-González et al., 2019). Thus, an important phenotype of 

diabetic dyslipidemia is the elevation in the proportion of highly atherogenic small dense 

LDL-C particles rather than the absolute increase in LDL-C level (Schofield et al., 2016).  

In patients with T2DM, the etiology leading to hypertriglyceridemia directly relates to 

hyperglycemia and insulin resistance, which results in hepatic overproduction of 

triglyceride-rich lipoproteins while decreasing its clearance and, in some cases, via 

alteration of postprandial lipoprotein metabolism (L. Wu & Parhofer, 2014). In T2DM, 

insulin resistance causes reduced inhibition of the hormone-sensitive lipase which leads to 

an increased lipolysis in adipose tissue, and thereby increased portal flux of free fatty acid 
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(FFA) to the liver. Furthermore, the elevated FFAs can directly disrupt lipoprotein lipase 

activity by causing its detachment from the endothelial surface (Hirano, 2018; Schofield et 

al., 2016). Consequently, the increased availability of FFAs in the liver causes in the 

decreased degradation of apoB, which leads to an overproduction of very-low-density 

lipoprotein in the face of insulin resistance. Moreover, an increase in the triglyceride-rich 

lipoproteins is associated with an increased small dense LDL-C and a reduction in HDL-C 

levels (Goldberg, 2001). 

The global burden of dyslipidemia is continuously  increasing, particularly in diabetic 

patients due  to  urbanization, obesity, reduced  physical  activity and  increased  

consumption  of unhealthy  diets (Goldberg, 2001; Kiplagat et al., 2017). Ethiopia is also 

amongst the rapidly growing countries with rapid urbanization and lifestyle change where 

the prevalence of T2DM and its associated complications is also increasing promptly 

(Guariguata et al., 2014). Furthermore, a recent study in eastern Ethiopia reported 

dyslipidemia as a public health problem, reporting overall prevalence of 59.6% (Motuma 

et al., 2023), while a prevalence rate of 91% reported in northern Ethiopia among patients 

with T2DM (Gebreyesus et al., 2022). 

Indeed, early identification and treatment of dyslipidemia can reduce the risk of 

atherogenic CVD in patients with T2DM (Dixit et al., 2014). However, even in individuals 

on statins and lifestyle therapy, and achieved the LDL-C management target, there is an 

increased residual cardiovascular risk (Cannon et al., 2004; Fitchett et al., 2006), indicating 

that there is more to attaining optimal LDL-C levels. Interestingly, the cardiovascular risk 

rate reduction with LDL-C-lowering therapies is only 30–40%, suggesting the presence of 

residual risk associated with low HDL-C, hypertriglyceridemia and small dense or highly 

oxidized LDL-C particles (Z. Chen et al., 2020). 
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3. Materials and Methods 

3.1. Study setting 

The participants for this study were recruited from a tertiary referral Hospital, St Paul’s 

Hospital Millennium Medical College (SPHMMC), which is located in Addis Ababa, 

Ethiopia. Addis Ababa is both the capital and biggest city of Ethiopia, having a total of 12 

public hospitals and 92 health centers. SPHMMC, the second largest hospital in Ethiopia, 

was selected because it serves a large number of people with diabetes referred from the 

surrounding health centers in its catchment area. In SPHMMC, the regular schedule for the 

outpatient diabetic clinic was three days a week. On these days, new cases diagnosed inside 

the hospital and those diagnosed somewhere else and referred to the hospital were accepted 

and enrolled in the follow up care. On average, 70 to 80 people were receiving diabetes 

care in a given service day. People with uncomplicated diabetes were appointed every three 

months. The diabetes clinic was staffed by two endocrinologists, five residents and four 

nurses working full time.  

3.2.  Study design and duration 

In this observational study, we reviewed medical charts of 568 recently diagnosed T2DM 

patients throughout the study period, between March 2021 and March 2022, from the 

diabetes clinic of SPHMMC to identify eligible study participants for the metformin 

treatment response study, metformin induced gastrointestinal study and the pattern of 

dyslipidemia study. A prospective observational cohort study design was used in the 

metformin treatment response study while a retrospective observational cohort study was 

conducted in the metformin-induced gastrointestinal intolerance study. Likewise, a 

comparative cross-sectional study design was employed in the pattern of dyslipidemia 

study. 
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3.3.  Study subjects 

3.3.1. Source population 

All T2DM patients who were on metformin as their initial oral antidiabetic drug therapy at 

SPHMMC outpatient department diabetes clinic during the study period. 

3.3.2. Study population 

Recently diagnosed unrelated T2DM patients who were on metformin treatment at 

SPHMMC outpatient department diabetes clinic during the study period. 

3.3.2.1 Eligibility criteria 

 Inclusion criteria 

 Age 18-65 

 Recently diagnosed (less than 1 year) unrelated patients with T2DM who were on 

metformin treatment for the response study 

 Recently diagnosed (less than 3 years) unrelated patients with T2DM who were on 

metformin treatment for gastrointestinal intolerance study 

 Recently diagnosed (less than 3 years) patients with T2DM who had a fully 

documented hemoglobin A1C, fasting blood glucose  and full lipid panel test in the 

first 3 months of diagnosis for the pattern of dyslipidemia study 

 Those willing to give informed consent to participate in the study 

Exclusion criteria 

 Pregnant or lactating women 

 Patients with renal or hepatic insufficiency (serum creatinine >1.2mg/dl for renal 

insufficiency; serum glutamic-pyruvic transaminase or serum glutamic-oxaloacetic 

transaminase > 40IU/L for hepatic insufficiency) 

 Active smokers (An adult who has smoked even one puff during the past seven days).  
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 Patients with malignancies or thyroid disorders or depression depending on the 

documented medical history of the patient 

 Patients not adherent to medications 

 Patients who have plans to change their follow-up center before the end of six months 

for the response study 

 Patients not adherent to diet for the response and pattern of dyslipidemia studies 

 Patients with chronic gastrointestinal disorders (including gastroduodenal ulcer, 

cholelithiasis, chronic pancreatitis, chronic liver disease and inflammatory bowel 

disease) for the gastrointestinal intolerance study 

 Patients receiving medications that modify lipid pattern (mainly steroids and 

antiretrovirals) for the response and pattern of dyslipidemia studies 

 Patients not recall being on metformin treatment or having the gastrointestinal adverse 

effects for gastrointestinal intolerance study 

 Patients with microvascular and/or macrovascular complications 

3.4.  Determination of sample size and sampling 

The sample size was estimated using a comparison of two proportion formula (Wang & 

Chow, 2007), to see whether difference in the rs8192675 and rs72552763 polymorphisms 

exist between the metformin responder and non-responder groups, considering the 

following assumptions: p1 = 0.35 (Cook et al., 2007), 95% CI, 5% margin of error and a 

power of 80%. Therefore, the calculated sample size was set at 40 for each group. Likewise, 

the same formula was used to see whether difference in the rs72552763 polymorphism of 

SLC22A1 exists between metformin tolerant and intolerant groups, considering the 

following assumptions: p1 = 0.30 (Kirpichnikov et al., 2002), 95% CI, 5% margin of error 

and a power of 80%. Accordingly, the calculated sample size was set at 21 for each group. 

Adding a 10% to account for potential dropouts, the final sample size was 88 (44 for each 

group) for the response study and 47 (24 for tolerant and 23 for the intolerant group) for 

the intolerance study. A purposive sampling method was used to recruit study participants. 

In the pattern of dyslipidemia study, all the eligible participants in the study period 

satisfying the inclusion criteria where recruited. 
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3.5.  Data collection 

A written informed consent was obtained from each one of the study participants before 

collection of data. Data were collected by trained nurses working in the diabetes follow-up 

clinic after the participants agreed to provide written informed consent. Training was given 

for the data collectors and supervisor on the data collection tools and procedures, eligible 

study subjects, interview methods and research objective. Data was collected using a chart 

review and an interviewer administered questionnaire. All patients were diagnosed 

according to the World Health Organization (WHO) criteria (Bennett, 1999), and 

information about medical history, comorbidities, renal and liver function tests (Karita et 

al., 2009), biochemical parameters (HbA1c, FBG, TC, TG, LDL and HDL), metformin 

gastrointestinal intolerance and medication use were obtained from medical charts. Socio-

demographic data, life style (level of exercise, adherence to diet and smoking habit), 

metformin gastrointestinal intolerance, and medication adherence were obtained from 

questionnaire interview. Information on gastrointestinal intolerance was obtained both 

from medical charts as well as through interview as the information was not available in 

the charts for some participants and also to confirm for those available.  

For the response study cohort, biochemical measurements of the study participants were 

prospectively collected from their medical charts at diagnosis and/or first contact at the 

diabetes clinic (M1), at 3 months (M2), and at 6 months (M3). The participants were then 

categorized into metformin responders and non-responders. Classification was performed 

based on a cut-off value (0.5% reduction in HbA1c), as suggested elsewhere (Shikata et 

al., 2007; Park et al., 2018). 

For the intolerance study, a documented clinical report was recorded from their medical 

charts and confirmed through oral interview whether gastrointestinal intolerance was a 

reason for discontinuation over the first 6 months of therapy and/or not increasing 

metformin dose. The participants were then categorized into metformin tolerant and 

intolerants depending on the operational definition in this study (Dujic et al., 2015, 2016; 

Dawed et al., 2019).  
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The weight of each study participant was measured using a digital scale to the nearest 0.1 

kg while their height is measured using a mounted stadiometer to the nearest 0.1 cm, with 

participants wearing minimal clothing. Blood assays for fasting blood glucose (FBG), 

glycated hemoglobin (HbA1c), and lipid panel (total cholesterol, TC; triglyceride, TG; 

high-density lipoprotein cholesterol, HDL-C; low-density lipoprotein cholesterol, LDL-C) 

were conducted at SPHMMC Laboratory, Addis Ababa, Ethiopia, in accordance with 

standard protocols.  

3.6.  DNA Isolation 

Venous blood (3 mL) was collected in vials containing EDTA for DNA extraction and 

stored at -80 0C until extraction. DNA was isolated from whole blood using a Blood 

Genomic DNA Extraction Mini Kit (ALPHAGEN Biotech Ltd., Taiwan) according to the 

manufacturer’s instructions. Briefly, 200 μL of whole blood was incubated at 60°C with 

20 μL proteinase K and 200 μL BG Buffer for 15 min by vortexing the sample every 5 min. 

Ethanol (200 μL, 99.5%) was added, transferred to a BG mini-column, centrifuged, and 

the mini-column placed in a new collection tube. The column was washed once with 200 

μL GW Buffer and then with 750 μL Wash Buffer. After drying, the DNA was eluted in 

100 μL of preheated Elution Buffer by centrifugation of the BG mini-column at full speed. 

DNA quantification was done using NanoDrop 2000/2000c UV/VIS Spectrophotometer 

(ThermoScientific™). The purity of DNA was assessed by dividing the absorbance at 260 

nm (A260) to the absorbance at 280 nm (A280). A260/A280 ratio of 1.7 to 2.0 was considered 

good-quality DNA devoid of proteins. Extracted DNA samples were stored at -20 0C until 

genotyping.  

3.7.  Genotyping 

Genotyping was conducted at the Pharmacogenomics & Precision Medicine Laboratory in 

the Faculty of Pharmacy, University of Malaya, Kuala Lumpur, Malaysia.  Genotyping of 

the substitution SNP of SLC2A2 (rs8192675) and the deletion polymorphism on SLC22A1 

(rs72552763) were carried out using real-time PCR (qPCR), in accordance with the 

manufacturer’s protocol (SNP Genotyping Analysis Using TaqMan Assays). The allelic 
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discrimination plots were analyzed to determine the genotypes and alleles of the 

polymorphism for each of the study subjects. 

Genotyping of the rs8192675 polymorphism was performed using TaqMan® Pre-Designed 

SNP Genotyping Assay (Assay ID: C__3142140_10) from Applied Biosystems (Carlsbad, 

CA, USA) and ChamQ Geno-SNP Probe Master Mix (Vazyme Biotechnology, Singapore). 

Briefly, 10 ng of genomic DNA was added to the reconstituted 2X TaqMan® Master Mix, 

20X Assay Working Stock and Nuclease-free water to achieve a final reaction volume of 

20 µl. The qPCR was conducted using the StepOnePlus™ Real-Time PCR System, 

employing the standard ramp speed. The PCR conditions for amplification consisted of 

initial denaturation at 95°C for 40 seconds followed by PCR thermal condition of 45 cycles: 

10 seconds for denaturation at 95 °C and 60 seconds for the DNA extension and terminal 

signal detection at 60 °C.  

Genotyping of the rs72552763 polymorphism was performed using the TaqMan® Drug 

Metabolism Enzyme Genotyping Assay (Assay ID: C__34211613_10) from Applied 

Biosystems (Carlsbad, CA, USA) and ChamQ Geno-SNP Probe Master Mix (Vazyme 

Biotechnology, Singapore). Briefly, 10 ng of genomic DNA was added to the reconstituted 

2X TaqMan® Master Mix, 20X Assay Working Stock and Nuclease-free water to achieve 

a final reaction volume of 20 µl. The qPCR was conducted using the StepOnePlus™ Real-

Time PCR System, employing the standard ramp speed. The PCR conditions for 

amplification consisted of initial denaturation at 95°C for 40 seconds followed by PCR 

thermal condition of 45 cycles: 10 seconds for denaturation at 95 °C and 90 seconds for 

DNA extension and terminal signal detection at 60 °C.  

3.8. Data analysis 

Statistical analyses were performed using Statistical Package for Social Sciences (SPSS) 

Version 26 for Windows (IBM Corp., Armonk, NY, USA). Kolmogorov-Smirnov and 

Shapiro-Wilk tests were performed to determine the normality of continuous variables. 

Normally distributed continuous variables were presented as mean + standard deviation 

(SD). Non-normally distributed continuous variables were presented as median and 

interquartile range (IQR). Categorical variables were reported as percentages. For non-
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normally distributed continuous dependent variables, associations were assessed by 

Independent-Samples Kruskal-Wallis test and Independent-Samples Mann-Whitney U 

test. For normally distributed continuous dependent variables, associations were assessed 

by student’s t - test. The association between binary categorical variables were assessed by 

a Chi-square test and 95% confidence interval. Logistic regression model analysis was also 

performed for categorical dependent variables. After performing univariate binary logistic 

regression model analysis, independent variables (p < 0.2) were included to the 

multivariate logistic regression model. Univariate logistic regression model analysis results 

were presented as crude odds ratios (COR) while multivariate logistic regression model 

analysis were expressed as adjusted odds ratios (AOR) at 95% confidence intervals. 

Hosmer-Lemeshow goodness-of-fit test was used to assess the model fit (Hosmer- 

Lemeshow statistic > 0.05). Variable-selection was done using backward elimination 

(likelihood ratio) method. A p-value < 0.05 was considered statistically significant. The 

minor allele frequency (MAF) was calculated using Excel, and the Hardy–Weinberg 

equilibrium (HWE) test was performed using Gene-Calc software which uses the Chi-

square test to assess whether or not observed genotype frequencies are consistent with 

Hardy-Weinberg expectations (Miks, 2018). 

In order to evaluate the association of rs8192675 and rs72552763 polymorphisms with 

biochemical parameters, the difference between the biochemical values obtained after 3 

months of treatment and values obtained at baseline were noted, in the response study 

group. In contrast, the biochemical parameters measurement on the six months was not 

used in the association analysis as it was confounded by the use of new class of glucose 

lowering medication(s) in the non-respondent group. The association between the 

polymorphisms, rs8192675 and rs72552763, and the number of patients reaching a 

treatment goal of HbAlc < 7.0% was also noted. Furthermore, in the metformin response 

study, in the subset of study participants with comorbid diabetic dyslipidemia and receiving 

daily statins, we assessed whether response to statins was associated with participants’ 

response to metformin. This was assessed by comparing the absolute reduction in 

triglyceride and/or absolute improvement in HDL cholesterol between metformin 

responder and non-responder study participants. The association between rs72552763 
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polymorphism and the number of study participants with metformin induced 

gastrointestinal intolerance was also assessed. 

3.9.  Ethical considerations 

The study was approved by the Institutional Review Board (IRB) of the College of Health 

Sciences, Addis Ababa University (protocol number:118/20/SoP) and IRB of SPHMMC 

(RN: DM23/576) and conducted in accordance with the Declaration of Helsinki. National 

Ethical approval was granted by the National Research Ethics Review Committee, Ministry 

of Education (MOE), Ethiopia (RN:02/246/572/22). Furthermore, each one of the study 

participants was well informed about the objective and procedure of the study in their local 

language (Amharic) and a written informed consent was obtained prior to the data 

collection from all the study participants. Confidentiality and anonymity were ensured by 

limiting data access and removing the identifiers of study participants. 
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4. Results 

4.1.  Characteristics of the study participants 

In metformin treatment response study, no significant difference was observed in the 

median values of baseline HbA1c, FBG, TG, HDL, BMI, metformin daily doses, and age 

at diagnosis between the metformin responders and non-responders. The median daily dose 

of metformin was1000 mg per day in both groups. Furthermore, no significant difference 

was observed in sex or level of physical activity between metformin responders and non-

responders (Table 1, Paper 1). 

In the metformin gastrointestinal intolerance study, the median daily dose of metformin 

was 1000 mg in metformin intolerant group, while it was 2000 mg in the tolerant group 

(Table 1, Paper 2).  No significant difference was observed in the median values of BMI 

and age at diagnosis between tolerant and intolerant groups (Table 3, Paper 2). 

Furthermore, the female gender (OR=4.019, 95%CI (1.048-15.416), p<0.05) and physical 

inactivity (OR=5.455, 95%CI (1.414-21.035), p<0.05) were found to be significantly 

associated with increased metformin intolerance (Table 3, Paper 2). 

In the pattern of dyslipidemia study, the prevalence of dyslipidemia was 92.1 % (n = 117). 

There was no statistically significant difference in the prevalence of overall dyslipidemia 

across age groups, BMI, type of glucose lowering agents, being on statin treatment, 

presence of comorbid hypertension, baseline HbA1c, and physical activity (Table 2, Paper 

3), although the prevalence of individual lipid abnormality varied with gender (Table 3, 

Paper 3). The prevalence of high LDL-C and low HDL-C were significantly higher among 

females as compared to males, although the gender difference for high TC failed to reach 

statistical significance (Table 3, Paper 3). The overall prevalence of high (TC, TG, LDL-

C) and low HDL-C was 28.35%, 52.76%, 69.29% and 64.57% respectively. 

The prevalence of mixed atherogenic dyslipidemia, combined dyslipidemia and isolated 

dyslipidemia was 37 (29.1 %), 34 (26.8 %), and 27 (21.3%), respectively. The co-

occurrence of low HDL-C and high LDL-C was the predominant combined dyslipidemia 
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(16, 12.6 %), while low HDL-C was the most common isolated dyslipidemia (13, 10.2%) 

(Table 4, Paper 3). 

4.2 Determinants of dyslipidemia among patients with type 2 diabetes 

mellitus 

Female sex was found to be an independent predictor of higher TC (AOR (95%CI) 3.617 

(13.42 – 9.743)) (Table 5, Paper 3), low HDL-C (AOR (95%CI) 3.703 (1.663 – 8.244)) and 

high LDL-C (Table 7, Paper 3). Age of less than 50 years (AOR (95%CI) 0.23 (0.054 – 

0.831)) was found as independent predictors of higher TC (Table 5, Paper 3). Not being on 

statin treatment was found as an independent predictor of higher TC (AOR (95%CI) 3.22 

(1.306 – 7.935)) (Table 5, Paper 3) and low HDL-C (AOR (95%CI) 2.743 (1.186 – 6.341)) 

(Table 7, Paper 3). Likewise, being physically inactive (AOR (95%CI) 4.091 (1.546 – 

10.824)), not hypertensive (AOR (95%CI) 5.975 (2.479 – 14.401)) and being on metformin 

+ insulin treatment (AOR (95%CI) 0.129 (0.033 – 0.503)) as compared to metformin 

monotherapy or metformin sulfonylurea combination were found to be independent 

predictors of high TG (Table 6, Paper 3). 

4.3 Diabetic dyslipidemia and metformin response 

In the subgroup of the study participants with diabetic dyslipidemia receiving daily statin, 

we found that comorbid diabetic dyslipidemia significantly reduced metformin response 

(COR=0.2, 95%CI (0.044-0.913), p<0.05). Furthermore, in multivariate logistic regression 

model adjusted for age and baseline TG, a greater absolute reduction in TG was 

significantly associated with better metformin response (AOR=1.018, 95%CI (1.003-

1.032), p<0.05) (Table 1). 
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Table 1: Logistic regression analysis for a predictor of metformin response among study 

participants with comorbid diabetic dyslipidemia receiving statin therapy (n=38) 

Predictor Factors Univariate analysis Multivariate analysis 

OR(95%CI) p-value OR(95%CI) p-value 

Comorbid 

diabetic 

dyslipidemia  

0.2 (0.044-0.913) 0.038   

Baseline 

triglyceride (TG) 

1.005(0.999 -1.011) 0.130   

Absolute 

reduction in TG 

1.011(0.999-1.023) 0.066 1.018(1.003-1.032) 0.014 

Age 1.112(1.012-1.222) 0.027 1.194(1.049-1.360) 0.007 

OR: odds ratio 

 

4.4 Genotype frequency 

The Single Nucleotide polymorphism (SNPs) of interest in this study, rs8192675 and 

rs72552763, were in line with the principles of the Hardy–Weinberg equilibrium (HWE) 

with p-values of 0.68967 and 0.984, respectively. The Minor allele frequency (MAF) of 

the C-allele in the T>C substitution SNP of SLC2A2 gene (rs8192675) was 66.2%, while 

the wild-type T allele was 33.8%. Likewise, the MAF of the 3-base pair (GAT) deletion 

mutation at rs72552763 was 9.4% whereas that of the wild-type GAT (G) allele was 90.6% 

in our study. No patient was homozygous for the rs72552763 deletion (del) allele in the 

intolerance study group. However, one patient was homozygous for the rs72552763 del 

allele in the response study group (Table 2).  
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Table 2: Genotypic and allelic frequency distribution of the rs8192675 and rs72552763 

polymorphisms across response and intolerance study participants (n = 133) 

N=frequency; del_del:deletion_deletion; G_G:GAT_GAT; del_G: deletion_GAT 

4.5 Association of the genotypes/alleles with metformin treatment 

response 

The metformin response cohort comprised 48.8% (n = 42) of the metformin responders 

and 51.2% (n = 44) of the metformin non-responders. In multivariate logistic regression 

analysis adjusted for baseline FBG, age and BMI, metformin response was significantly 

higher in del_G genotypes than in the wild-type G_G genotypes (AOR =3.675 and 95% CI 

(1.005-13.436), p= 0.049) (Table 3, Paper 1). Furthermore, no significant difference was 

observed between metformin responders and non-responders in the median baseline 

HbA1c (p = 0.907) (not included in Table 3, Paper 1 as univariate analysis p > 0.2). In 

addition, a significantly lower median treatment HbA1c level was found in the del_G 

genotype (7.0%) than in the wild-type G_G genotype (8.0%) (p = 0.015) (Figure 2, Paper 

1). In contrast, the absolute reductions in HbA1c and FBG levels did not significantly vary 

depending on the del_G and G_G genotypes (Figure 1, Paper 1). Furthermore, there was 

no significant difference among the genotypes of rs72552763 polymorphism in the median 

baseline HbA1c and FBG (Figure 1 and 2). On the other hand, no significant intergroup 

difference between the responder and non-responder groups was observed regarding the 

Polymorphisms 

of interest 

 

Genotypes 

and alleles of 

the respective 

polymorphism 

Response study group Intolerance study group 
Allele/genot

ype 

frequency 

(%) 
Non 

responder(N) 
Responder(N) Tolerant(N) 

Non 

tolerant(N) 

 (T>C) 

substitution 

polymorphism 

of SLC2A2 

(rs8192675) 

CT genotype 21 19 11 13 48.12 

CC genotype  20 17 10 9 42.11 

TT genotype  3 6 3 1 9.77 

C-allele  61 53 31 31 66.2 

T-allele  27 31 17 15 33.8 

Met420del 

polymorphism 

of SLC22A1 

(rs72552763) 

del_del 

genotype  
1 0 0 0 

0.75 

del_G 

genotype  
4 10 5 4 

17.29 

G_G 

genotype  
39 32 19 19 

81.95 

del-allele  6 10 5 4 9.4 

G-allele  82 74 43 42 90.6 
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genotypes of the SNP rs8192675 (Table 2, Paper 4). Furthermore, there was no significant 

difference among the three genotypes of the SNP rs8192675 in the median baseline HbA1c 

and FBG (Figure 1, Paper 4). In addition, the median values of absolute reduction in HbA1c 

and FBG as well as the treatment values of HbA1c and FBG after 3 months of metformin 

therapy were not significantly associated with the genotypes of rs8192675 (Figure 2 and 3, 

Paper 4). On other hand, there was no association between the alleles of both SNPs, 

(rs72552763 (OR=1.746, 95%CI, 0.664-4.592, p=0.251), Paper 1; rs8192675 (OR = 0.910, 

95%CI, 0.734-1.128, p=0.388), Table 3, Paper 4) and metformin response. 

On the other hand, 59.3% of the participants had poor glycemic control. BMI (AOR= 

0.847; 95%CI (0.740-0.970), p = 0.016) and baseline HbA1c level (AOR=0.478, 95%CI 

(0.305-0.751), p= 0.001) were significantly associated with poor glycemic control (Table 

4, Paper 1). Glycemic control was nearly significantly higher in the del_G genotypes than 

in the wild-type G_G genotypes (COR =3.312; 95%CI (1.001-10.961), p = 0.05) (Table 4, 

Paper 1). In addition, the minor del_allele was significantly associated with good glycemic 

control compared with the wild-type G_allele (OR=3.206, 95%CI (1.165-8.823), p = 0.016, 

Paper 1). In contrast, no significant association was observed between the genotypes and 

alleles of rs8192675 and glycemic control (Table 2 and 3, Paper 4). 

4.6 Association of SLC2A2 rs8192675 with diabetic dyslipidemia 

Our study found no significant intergroup differences in genotypes of SLC2A2 rs8192675 

between the study participants with and without comorbid diabetic dyslipidemia (Table 4, 

Paper 4). Moreover, it was found that there were no significant difference among the three 

genotypes in the median values of baseline TG and HDL levels (Figure 4, Paper 4). 

4.7 Association of the Met420 deletion (rs72552763) polymorphism with 

metformin intolerance 

Logistic regression analyses indicated no significant association of metformin induced 

gastrointestinal intolerance with the genotypes of the SNP rs72552763 (Table 3, Paper 2). 

Likewise, chi-square test analyses indicated that the alleles of rs72552763 polymorphism 
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were not significantly associated with metformin induced gastrointestinal intolerance 

(Table 4, Paper 2).  

                                                        p = 0.303 

  
 

Figure 1: Independent Samples Mann–Whitney test between genotypes of Met420del 

variant of SLC22A1gene (rs72552763) and the median baseline glycated hemoglobin 

levels.            

                                                 

                                                                 p = 0.118                                                

 

Figure 2: Independent Samples Mann–Whitney test between genotypes of Met420del 

variant of SLC22A1gene (rs72552763) and the median baseline fasting blood glucose 

levels. 
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5. Discussion 

The main goal of T2DM management is ensuring optimal glycemic control (“United 

Kingdom Prospective Diabetes Study 33,” 1998). However, reports emanating from 

Ethiopian studies indicated a high prevalence of inadequate glycemic control (Abebe et al., 

2015; Alebachew Woldu & Diriba Wami, 2014; Kassahun et al., 2016). Furthermore, a 

significant inter-individual variation in treatment outcomes to the first line agent (Davies 

et al., 2018), metformin, in the management of T2DM (in terms of treatment response (K. 

Zhou et al., 2014) and adverse effects (Pawlyk et al., 2014; Todd & Florez, 2014)) is 

reported in the literature owing to differences in individual genetic profiles.  

Thus, in the current study, we first prospectively determined the response to metformin 

across the study participants and then examined the association of Met420del variant of 

SLC22A1 with metformin treatment response (Paper 1). In addition to metformin response, 

we have also assessed the level of glycemic control and its association with the Met420del 

variant of SLC22A1. These two outcomes provide complementary, but not redundant 

information. The metformin response outcome assessed whether patients showed > 0.5% 

reduction in HbA1c levels from baseline within 3 months of metformin monotherapy and 

remained low for at least another 3 months, while in glycemic control, we assessed whether 

patients had achieved the optimal glycemic level (measured by attainment of HbA1c < 

7%). We also assessed the association of Met420del variant of SLC22A1 with metformin-

induced gastrointestinal intolerance (Paper 2) as well as the prevalence, pattern and 

determinants of dyslipidemia in the study participants (Paper 3). In addition, the association 

of rs8192675 polymorphism of SLC2A2 with metformin treatment response and diabetic 

dyslipidemia was also investigated (Paper 4). 

In our study, 59.3% of the study participants had poor glycemic control, which is in line 

with previous studies that reported approximately two-third of the Ethiopian T2DM 

patients had poor glycemic control (Abdissa & Hirpa, 2022). However, the percentage of 

T2DM patients with poor glycemic control in the present study is slightly lower than the 

previous studies in Ethiopia, as the current study involved only recently diagnosed T2DM 

patients. In addition, in this study, we involved only patients who were adherent to diet and 
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medication. The percentage of T2DM patients with HbA1c < 7.0% in our study (40.7%) is 

also similar with two different cross-sectional studies in SSA, from Kenyatta National 

Hospital, Kenya (36.9%) (Waari et al., 2018) and National Hospital of Abuja, Nigeria 

(37.9%) (Odume et al., 2015). Thus, the result of our study which is in agreement with 

several previous studies emanating from the SSA population, confirms the notion that there 

is generally unsatisfactory level of glycemic control in the region (Kirkman et al., 2018).  

The allelic frequency of the two candidate polymorphisms, rs8192675 and rs72552763, 

assessed in association with metformin treatment outcomes in our study were 66.2% and 

9.4 %, respectively. The higher allele frequencies for the rs8192675 (compared to the 

Caucasian population) (rs8192675 (SNP) - Population Genetics - Homo_sapiens - Ensembl 

Genome Browser) and for rs72552763 (compared to other Africans (Du Plessis et al., 2015) 

and African descent (Goswami et al., 2014)) shows the potential pharmacologic relevance 

of both polymorphisms in the Ethiopian population.  However, the observed allele 

frequency differences could be justified by a previous study that reported populations of 

SSA are the most genetically diverse in the world compared with peoples of non-African 

ancestry (Campbell & Tishkoff, 2008). Furthermore, the genotype frequency of both 

polymorphisms in our study is in agreement with the very recent study that identified 

subjects of African descent were carriers of the SLC22A1 rs72552763 G_G genotype and 

SLC2A2 rs8192675 C/C genotype, in contrast to the lower percentage of these genotypes 

among other ethnic groups (Saiz-Rodríguez et al., 2023). 

Contrary to the bulk of the evidence in the literature, our study found that carriers of the 

reduced function Met420del variant of SLC22A1 had a greater likelihood of treatment 

success from metformin monotherapy. Indeed, T2DM patients with the del_G genotype 

had more than three times better chance of responding to metformin compared to the wild-

type G_G genotype. Furthermore, a significantly lower median treatment HbA1c level was 

also found in del_G genotypes as compared to the wild-type G_G genotypes despite no 

significant difference in the baseline HbA1c levels between the two genotypes. In addition, 

we also found a nearly significant higher rate of good glycemic control with del_G 

genotypes as compared to the wild-type G_G genotypes after three months of metformin 

therapy (p = 0.05). However, the significant association of del_G genotype with metformin 
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response was not replicated at the allele level. Thus, the effect of SLC22A1 rs72552763 

polymorphism in metformin response at the genotype and allele levels seems inconsistent 

in our study. However, we assume the absence of association at the allele level might be 

related to the limitation in the definition of response and most importantly due to the 

smaller sample size in our study. Because, the definition was based on an absolute HbA1c 

reduction over 3 months, which could be influenced by short term life style changes. Our 

assumption could be further supported by our finding that del allele is significantly 

associated with good glycemic control. Indeed, patients carrying the del allele had a more 

than three-fold better chance of good glycemic control than patients not carrying the allele 

after 3 months of metformin monotherapy. Furthermore, it is of note that glycemic control, 

which was measured as attainment of HbA1c < 7%, is by far the more valid marker of 

glycemic response as it shows a long-term cumulative clinical outcome as compared to the 

surrogate marker of metformin response used in this study.  

Thus, although the bulk of the evidence concentrates on the finding that the reduced 

function allele of SLC22A1 is associated with reduced cellular metformin uptake but not 

with metformin treatment response (Dujic et al., 2017), contrary to this widely believed 

notion, we found a significantly higher metformin response and glycemic control in 

participants carrying the minor del allele. Thus, although the finding of this study appears 

to be discordant with the reports in the literature, it seems that the association of Met420del 

polymorphisms with metformin treatment response in our population might be novel since 

inconsistent findings on the reduced function alleles of SLC22A1 across different ethnic 

populations were reported (Florez, 2017; Sakata et al., 2004; Shu et al., 2007). Our finding 

also seems in contrast to the generally accepted glucose lowering effect of metformin, 

which is primarily attributed to its action on the liver (Foretz & Viollet, 2011; Krishan et 

al., 2015; T. Zhou et al., 2018), as the same variant associated with treatment success in 

our study is also reported to decrease both intestinal absorption and hepatic distribution of 

metformin (Shu et al., 2007). However, this  effect might be related to the recently 

recognized mechanism of action of metformin, which is focused on the gastrointestinal 

tract, as reduced function OCT1 transporter causes the accumulation of metformin in the 

gut (DeFronzo et al., 2016; Schwartz et al., 2006). Putative gut-based mechanisms of 
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metformin include direct and indirect enhanced secretion of GLP-1 from intestinal L-cells 

via various mechanisms (McCreight et al., 2016; Napolitano et al., 2014). 

Furthermore, our finding regarding the association of the reduced functional variant 

SLC22A1 rs72552763 with metformin response and glycemic control is in accordance with 

studies done in Denmark, Mexico and China which have reported the association of 

reduced functional variants of SLC22A1 with good responses in Danish (rs72552763) 

(Christensen et al., 2011), Mexican (rs72552763) (Marta et al., 2020) and Chinese 

(rs628031) population (Y. Zhou et al., 2015). In addition, the GoDART study reported that 

the R61C (rs12208357) genotype, but not rs72552763, was associated with better 

metformin outcomes (K. Zhou et al., 2009). In contrast, different studies (Shu et al., 2007;  

Mahrooz et al., 2015; Becker et al., 2009) reported that SLC22A1 alleles, including 

rs72552763, have negative effect on the OGTT, FBG and HbA1c reduction, respectively, 

following metformin treatment. Furthermore, rs72552763 did not affect HbA1c reduction 

in Latvian (Tarasova et al., 2012) and Danish population (Christensen et al., 2015b). The 

reason for such discordant findings might be related to differences in sample size, duration 

of the study, data analysis, variant considered and definition of response. In addition, the 

variation in the association between the reduced-function variants and metformin response 

in different ethnic cohorts might also indicate that the role of SLC22A1 polymorphisms in 

modulating metformin treatment response in T2DM is highly dependent on the genetic 

background of the patients.  

On the other hand, it is plausible to assume that the SLC2A2 rs8192675 polymorphism is 

not a determinant of metformin treatment response in Ethiopian patients with T2DM. 

Because in this study, it was observed that the median values for the absolute reduction in 

HbA1c, absolute reduction in FBG, treatment HbA1c level, and treatment FBG level did 

not significantly differ among TT, CT, and CC genotypes of rs8192675 polymorphism. 

Furthermore, no significant intergroup differences in TT, CT, and CC genotypes of 

rs8192675 were observed between the study participants with poor and good glycemic 

control. This finding is discordant with a study carried out in the European population, 

where having a C allele in the T>C substitution SNP of SLC2A2 gene (rs8192675) was 

related to a significantly higher on-treatment HbA1c reduction (K. Zhou, Yee, et al., 2016) 
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and a significantly larger blood glucose reduction (Rathmann et al., 2019). However, it is 

concordant with several other studies conducted in different populations, including the 

cohort of ACCORD in USA and Canada (Rotroff et al., 2018), Indigenous Nguni 

population of South Africa (Abrahams-October et al., 2021) and Russian population 

(Nasykhova et al., 2022). Furthermore, in our study, there was no significant difference 

among the three genotypes of rs8192675 in the median baseline HbA1c and FBG. This 

finding is in agreement with the finding from the GDS, which reported no significant 

difference in the baseline FBG, baseline HbA1c and fasting glucose at diagnosis between 

the different genotypes at rs8192675 (Rathmann et al., 2019). Moreover, though studies in 

Caucasians still suggest that rs8192675 may have an important role in increasing an 

individual’s risk for developing adverse metabolic phenotypes (Le et al., 2013), such as 

decreased HDL levels and increased TG, no such association were observed in our study. 

The reason why the effect of this SNP failed to replicate in different studies, including our 

study, might be related to the difference in the study design and sample size. Furthermore, 

based on the findings that the association of this variant with the metformin response varies 

in different ethnic cohorts, genetic heterogeneity for the polymorphic variant in the 

SLC2A2 (rs8192675) gene between diverse populations could be assumed. Moreover, 

given the finding of the very recent GWAS which found no significant variant within the 

SLC2A2 (including rs8192675) among participants of African ancestry, in association with 

metformin treatment response (B. Wu et al., 2024), it is plausible to assume that the variant 

might not be a good candidate for metformin pharmacogenetic study regarding T2DM in 

the African population.  

Our study also observed no significant intergroup difference in BMI between metformin 

responder and non-responder groups, which is consistent with studies conducted elsewhere 

(Ito et al., 2010; Ji et al., 2013; Lund et al., 2007; Ong et al., 2006). This data might suggest 

that physician’s disinclination to prescribing metformin for normal-weight T2DM patients 

is unfounded. Furthermore, our study showed that in T2DM patients with diabetic 

dyslipidemia receiving daily statins, a greater absolute reduction in TG was significantly 

associated with better metformin response. This finding is in agreement with previous 

study (Kashi et al., 2016), which reported that atorvastatin is more effective in decreasing 
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the atherogenic lipid parameters in metformin responders compared to non-responders. 

Thus, as hyperglycemia and dyslipidemia generally co-exist together in T2DM patients 

manifesting poor glycemic control and increased risk of vascular complications (Afroz et 

al., 2019), the finding of our study support the notion that, glycemic control should be 

monitored by assessing both glycemia and dyslipidemia to adjust the intensity of treatment 

with risk (Sherwani et al., 2016). 

In our study, the prevalence of overall dyslipidemia was 92.1%. This is consistent with 

reports from similar studies in SSA and other developing countries ( 89.0% to 90.7% in 

Nigeria (Jisieike-Onuigbo et al., 2011; Okafor et al., 2008), 86.7% in South Africa (Pitso 

et al., 2021), 88.9% in Thailand (Narindrarangkura et al., 2019) and 88.1% in  Nepal 

(Pokharel et al., 2017)).  It is also in line with previous studies in Ethiopia, which have 

reported a prevalence ranging from 68.1% in southwestern Ethiopia (Haile & Timerga, 

2020) to 91% in northern Ethiopia (Gebreyesus et al., 2022). In terms of the pattern of 

dyslipidemia, our study showed that the most common pattern was the atherogenic mixed 

dyslipidemia, with gender differences significantly tilted towards women. This finding is 

also consistent with the recent finding in the northern Ethiopia, which indicated that 87.2% 

of T2DM patients had high atherogenic risk for coronary heart disease (Gebreyesus et al., 

2022). In addition, similar to our study, a recent large epidemiological study in Somalia 

reported a prevalent atherogenic dyslipidemia among T2DM patients (24.8%) with LDL-

C being the most prevalent component dyslipidemia (Alıcı & Genç, 2022). On the other 

hand, similar studies in Nigerian (Bello-Ovosi et al., 2019), Iranian (Yadegar et al., 2022) 

and Pakistani (Sarfraz et al., 2016) patients with T2DM reported a relatively smaller 

prevalence of 3.4%, 13.8% and 17.0%, respectively, for the atherogenic mixed 

dyslipidemia as compared to our study (29.1 %). Although the difference in cut off points, 

exercise and dietary pattern, treatment schemes, cultural factors and genetic diversities may 

affect the pattern of dyslipidemia in patients with T2DM, our study highlighted the high 

prevalence of the typical atherogenic diabetic dyslipidemia in our study population. Thus, 

atherogenic dyslipidemia, the commonest pattern in our study, which includes high TG, 

low HDL-C, and high LDL-C (Hirano, 2018), might predispose to higher risk of 
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microvascular and/or macrovascular complications, and poor cardiovascular outcomes 

(Berneis & Krauss, 2002), in our population.  

The combined two parameter dyslipidemia was the second common pattern of 

dyslipidemia in our study with almost equal distribution across both genders. The co-

occurrence of low HDL-C and high LDL-C is the predominant combined dyslipidemia 

while low HDL-C was the most common isolated dyslipidemia. In agreement with the 

finding of our study, a study in Southern Ethiopia (Ambachew et al., 2015), Nigeria 

(Chinenye et al., 2012) and the largest study on the quality of diabetes care in six SSA 

countries (Diabcare Africa study) (Sobngwi et al., 2012) reported low HDL-C 

concentration to be the most prevalent lipid abnormality among diabetic patients. In 

addition, a national survey conducted in Ethiopia in 2015 reported low HDL-C as the most 

prevalent (68%) component lipid abnormality (Gebreyes et al., 2018). Thus, the findings 

in our study might indicate that increasing HDL-C along with lowering LDL-C comprises 

an important target for intervention among patients with T2DM in our population, as high 

LDL-C is also the most prevalent component dyslipidemia. 

On the other hand, since metformin induced gastrointestinal intolerance influences 

treatment response by causing premature termination of therapy (DeFronzo, 1999; Haupt 

et al., 1991), the present study retrospectively determined metformin induced 

gastrointestinal intolerance across the study participants and examined the association of 

Met420del variant of SLC22A1 with metformin induced gastrointestinal intolerance (Paper 

2). Furthermore, in the present study in order to assess the association of metformin 

induced gastrointestinal intolerance with an individual variant of SLC22A1 (rs72552763), 

intolerance phenotype was defined to include common and/or severe gastrointestinal 

intolerance, as both share a common underlying mechanism despite a considerably 

different duration and intensity of gastrointestinal symptoms (Dujic et al., 2016). 

Accordingly, the finding of the present study showed that the Met420del variant of 

SLC22A1 (rs72552763) has no association with metformin induced gastrointestinal 

intolerance. Indeed, this result is in accordance with earlier finding, which showed that 

Met420del variant has no association with metformin associated gastrointestinal side-
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effects, although the same study reported the association of common gastrointestinal 

adverse effects of metformin therapy with an individual reduced function variants of 

SLC22A1 (rs628031 and rs36056065) (Tarasova et al., 2012). Furthermore, the finding 

from two previous studies showed that individual variants (including rs72552763) were 

not associated with the occurrence of side effects though the number of SLC22A1 reduced-

function alleles was associated with common gastrointestinal adverse effects to metformin 

(Dujic et al., 2016) and individuals carrying two deficient SLC22A1 alleles had higher odds 

of severe intolerance compared with individuals having one or no deficient alleles (Dujic 

et al., 2015). Thus, it is plausible to assume that the combined effect of the reduced function 

variants of SLC22A1 is valuable to predict metformin -induced gastrointestinal adverse 

effects rather than the individual variants. However, as our study involved only a single 

reduced functional variant of SLC22A1, Met420del variant, this assumption needs to be 

confirmed by further studies involving more than one reduced functional variants of the 

gene.  

In the present study, female gender was associated with more than 4 times greater chance 

of being intolerant to metformin. This finding adds to the previous knowledge that 

indicated sex differences in metformin intolerance (Dujic et al., 2015, 2016; Tarasova et 

al., 2012). However, further studies are required to assess the underlying factors of the 

potential sex differences in metformin intolerance. Furthermore, it is not clear why physical 

inactivity is related to metformin gastrointestinal intolerance in the present study. Thus, 

further prospective studies are required to confirm this observation. Age appeared to have 

influence on the occurrence of side effects depending on the time of T2DM diagnosis. 

Evidence for this assertion comes from the observation that whilst age had significant effect 

on the occurrence of side effects in patients with a longer duration of T2DM  (Tarasova et 

al., 2012; Dujic et al., 2015), it was found to have no association in patients with newly 

diagnosed T2DM (Dujic et al., 2016), which is concordant with our findings. This might 

have to do with the fact that both metformin tolerant and intolerant patients had similar age 

in the current study, as all the study participants were recently diagnosed T2DM 

individuals. 
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While our study has generated the first metformin pharmacogenetics data in Ethiopian 

T2DM patients, it has some limitations. The major limitations of this study were its 

relatively short duration and small sample size. However, long-term data have indicated 

that the glucose-lowering action of metformin stabilizes after 3 to 4 months of treatment 

(Ito et al., 2010). In this study the minimum sample size calculated by comparison of two 

proportion formula was used, although a more reliable results could be achieved if we 

increased the sample size. Thus, future studies with larger sample size are required to 

explore the possible associations between the aforementioned polymorphisms and 

metformin treatment outcomes, both in efficacy and safety. Another limitation is the fact 

that the study is unable to measure body metformin concentrations and insulin sensitivity. 

The data on lifestyle interventions such as physical activity and dieting measured using 

self-reporting questionnaires are subject to recall bias. Nevertheless, it is our belief that the 

findings of the current study provide an important piece of pharmacogenetic and 

epidemiological information in Ethiopian patients with T2DM. 
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6. Conclusions and Recommendations 

To the best of our knowledge, this is the first study to investigate the allele frequency 

distributions of rs8192675 and rs72552763 polymorphisms in the Ethiopian population. In 

this study, it was demonstrated that metformin response was significantly higher in study 

participants with heterozygous carriers of the Met420del variants of SLC22A1 as compared 

to the wild-type G_G genotypes after 3 months of treatment. Furthermore, the results of 

our study also showed that the minor del_allele was significantly associated with good 

glycemic control as compared to the wild-type G_allele. In this study, rs8192675 and 

rs72552763 polymorphisms were not significantly associated with metformin treatment 

response and metformin induced gastrointestinal intolerance, respectively, in Ethiopian 

patients with T2DM. In our study we also found that the female gender and physical 

inactivity were risk factors for metformin induced gastrointestinal intolerance. 

Furthermore, a more complete investigation of SLC22A1 variants would be required to 

fully assess the effect of the gene on metformin treatment outcome given that several 

variants with a more severe loss of function have been described. In addition, future studies 

on the association between variants of SLC22A1 gene and metformin treatment outcomes 

should quantify metformin concentrations in the body and insulin level. Similarly, the 

finding of our study regarding SLC2A2 gene polymorphism needs to be confirmed by 

replication study involving larger sample size.  

Our study also indicated high prevalence of dyslipidemia among patients with T2DM; with 

the atherogenic mixed dyslipidemia being the commonest pattern. This implies that most 

of the T2DM patients in our study are at a higher risk of cardiovascular diseases. 

Furthermore, the high prevalence of dyslipidemia echoed the need for incorporating serum 

lipid profile as routine laboratory investigation, in the management of patients with T2DM 

to minimize the possible complications resulting from terminal dyslipidemia. The data also 

provided a potentially useful insights on correlating lipid panel data with demographic, 

clinical, and laboratory variables.  
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