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Objective: This study aimed to evaluate whether the M420del variants of SLC2241 (rs72552763) is associated with metformin
treatment response in Ethiopian patients with type 2 diabetes mellitus (T2DM).

Patients and Methods: A prospective observational cohort study was conducted on 86 patients with T2DM who had been receiving
metformin monotherapy for <1 year. Patients showing >0.5% reduction in HbAlc levels from baseline within 3 months and remained
low for at least another 3 months were defined as responders while those patients with <0.5% reduction in HbAlc levels and/or those
whom started a new class of glucose-lowering drug(s) because of unsatisfactory reduction were defined as non-responders. In addition,
good glycemic control was observed when HbAlc <7.0%, and the above values were regarded as poor. Genotyping of rs72552763
SNP was performed using TagMan® Drug Metabolism Enzyme Genotyping Assay and its association with metformin response and
glycemic control were assessed by measuring the change in HbAlc and fasting blood glucose levels using Chi-square, logistic
regression and Mann—Whitney U-test. Statistical significance was set at p <0.05.

Results: The minor allele frequency of the rs72552763 SNP of SLC2241 was 9.3%. Metformin response was significantly higher in
deletion GAT (del _G) genotypes as compared to the wild-type GAT GAT (G_G) genotypes. Furthermore, a significantly lower
median treatment HbA1 level was found in del G genotypes as compared to G_G genotypes. However, the association of rs72552763
with metformin response was not replicated at the allele level. In contrast, the minor del_allele was significantly associated with good
glycemic control compared to the G_allele, though not replicated at del G genotypes level.

Conclusion: This study demonstrated that metformin response was significantly higher in study participants with a heterozygous
carrier of M420del variants of SLC2241 as compared to the wild-type G_G genotypes after 3 months of treatment.
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Introduction

Type 2 diabetes mellitus (T2DM), which accounts for ~90% of the total diabetic population, is a significant cause of adult
morbidity and mortality.'* Optimal glycemic control prevents the development and progression of both macrovascular
and microvascular complications of T2DM.? Studies indicate that approximately 50% of patients with T2DM fail to
reach the recommended treatment goals despite a wide range of therapeutic options.* Indeed, reports emanating from
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Ethiopian studies have shown that approximately two-thirds to three-quarters of patients with diabetes have inadequate
and poor glycemic control.”

Because of its efficacy, safety, and protective effects on the cardiovascular system,” metformin is considered the first-
choice oral antihyperglycemic drug for monotherapy in individuals with newly diagnosed T2DM in almost all interna-
tional guidelines.® However, in clinical practice, the interindividual variation in the response to metformin is very high

among T2DM patients.'®'> Some of these variations can be explained by differences in dosage and adherence.'”

415 suggesting that variations in metformin pharmacogenetics could be a factor.'®

However, others do not,
Furthermore, given that metformin virtually exists only in its cationic form at physiological pH, transporter polymorph-
ism has become the focus of current metformin pharmacogenetic research.'”

As such, metformin is largely distributed in several tissues by membrane transporters such as organic cation
transporters (OCT1, OCT2, and OCT3)."® Furthermore, the most studied transporter regarding the impact of genetic
variation on metformin action has been OCT1 as it mediates the hepatic distribution of metformin and its flux from
enterocytes to the portal circulation.'®** Moreover, the human SLC2241 gene encoding OCT]1 is highly polymorphic,
and numerous polymorphisms have been described in ethnically diverse populations, leading to differences in transporter
function.”'** Furthermore, reduced function variant of SLC2241, methionine deletion at codon 420 (Met420del)
(rs72552763), was selected in this study as it is the most studied variant of SLC22A1 gene for its influence on metformin
pharmacokinetics and treatment response though there were inconsistent reports based an extensive survey of recent
literature. In addition, the Met420 deletion variant of SLC2241 gene is quite common in African descent™ and across
Sub-Saharan Africa.**

Thus, as OCT]1 reported to play an important role in metformin pharmacokinetics and shows polymorphism in
ethnically diverse populations, we hypothesized that the reduced function Met420del genetic variant of SLC22A1 might
be associated with metformin treatment response in Ethiopian patients with T2DM. Therefore, our study aimed to
determine the contribution of this variant to metformin treatment response in Ethiopian patients with T2DM, as few or no
studies have addressed the influence of pharmacogenetics on metformin response in Ethiopian patients despite an
alarming rate of increment in the number of patients living with diabetes.*’

Materials and Method
Study Setting and Design

The participants in this study were recruited from a tertiary referral hospital, St. Paul’s Hospital Millennium Medical
College (SPHMMC), Addis Ababa, Ethiopia. The hospital has an outpatient diabetes clinic providing service three days
per week. On an average, 70—80 people received care during the service day. On a given service day, new cases were
diagnosed, and those diagnosed elsewhere and referred to the hospital were enrolled for follow-up care. Individuals with
uncomplicated diabetes were appointed every three months. The diabetes clinic is staffed by two endocrinologists, five
residents, and four nurses working full time.

A prospective observational cohort study was conducted on 86 genetically unrelated individuals recently diagnosed
with T2DM, who were attending chronic care between March 2021 and March 2022 at the outpatient diabetes clinic of
the hospital.

Participant Selection
Patients with recently diagnosed (within 1 year) T2DM, aged 18—65 years and on metformin monotherapy were included.
Patients with chronic liver disease, chronic kidney disease, pregnancy, malignancies, active smokers and patients not
adherent to medication and diet were excluded from the study.

All patients were diagnosed according to the WHO criteria,”® and information about medical history, comorbidities,
renal and liver function tests, biochemical parameters including HbA ¢, fasting blood glucose (FBG), triglyceride (TG)
and HDL) and medication use were obtained from medical charts while socio-demographic data, life style (level of

exercise, adherence to diet and smoking habit) and medication adherence were obtained from questionnaire interview.
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Determination of Sample Size and Sampling

The sample size was estimated by comparing the two proportion formula,?’ to see whether the rs72552763 polymorph-
ism of SLC22A41 gene exists between the metformin responder and non-responder groups, considering the following
assumptions: p; = 0.35,'° 95% CI, and 5% margin of error and a power of 80%. Therefore, the calculated sample size
was set at 40 for each group. Adding 10% oversampling to account for potential dropouts, the final sample size was 88
(44 each from responders and non-responders). A purposive sampling technique was used to recruit study participants.

Data Collection

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), and the participants were
categorized into two clinical categories (Responders and Non-responders to Metformin). Classification was performed
based on a cut-off value (0.5% reduction in HbAlc levels), as suggested elsewhere.?®*° Accordingly, responders were
patients showing >0.5% reduction in HbAlc levels from baseline within 3 months of metformin therapy and remained
low for at least another 3 months, while non-responders were patients with <0.5% reduction in HbAlc levels from
baseline within 3 months and/or those for whom either newer class of glucose-lowering drug(s) was added or replaced
because of unsatisfactory reduction.

Patients should have baseline and follow-up biochemical measurements for inclusion in efficacy analysis. Baseline
biochemical measurements were defined as values obtained prior to the start of metformin treatment or within one month
after the start of treatment. Follow-up biochemical measurements were obtained at least 3 months after the baseline test
values were obtained. If follow-up biochemical measurements were unavailable, the patient was referred to the clinic for
the measurement.

The weight of each participant was measured to the nearest 0.1 kg using a digital scale, and height to the nearest 0.1 cm
using a mounted stadiometer, with participants wearing minimal clothing. For patients whose weight was already available in
the clinical records, the weight at the start of metformin was used as the baseline for body mass index (BMI) estimation.

Blood assays for glycated hemoglobin (HbAlc), fasting blood glucose (FBG), and lipid panel (triglyceride (TG) and
HDL) were conducted at St. Paul’s Hospital Laboratory, Addis Ababa, Ethiopia, in accordance with standard protocols.

Operational Definitions
Glycemic control level: Good glycemic control when HbAlc <7.0% and above the indicated value was considered
poor.*®

Metformin Dose: A daily dose of metformin was defined as the average dose administered during the first 3 months of
metformin treatment.

Obesity: Individuals with a body mass index (BMI) of >30 kg/m2.*!

Physical activity: Individuals who performed at least 150 min per week (3 days) of moderate-intensity exercise were
regarded as active or inactive.*?

Adherence to diet: Individuals who adjust their lifestyle (diet) as recommended for more than 3 days in the last seven
consecutive days.>

Diabetic dyslipidemia was 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.>*

Medication adherence was assessed using a four-item Self-reported measure adherence scale and individuals who
reported “YES’ for any one of the four questions were excluded and those who responded “NO” for all the four questions
were included.®® Furthermore, individuals who were not adherent to diet were excluded from the study.

DNA Isolation

Venous blood (3 mL) was collected in vials containing EDTA for DNA extraction and stored at —80 °C until extraction. DNA was
extracted from whole blood using a Blood Genomic DNA Extraction Mini Kit (ALPHAGEN Biotech Ltd., Taiwan) according to
the manufacturer’s instructions. Briefly, 200 pL of whole blood was incubated at 60°C with proteinase K and 200 uL. BG Buffer
for 15 min by vortexing the sample every 5 min. Ethanol (200 pL, 99.5%) was added, transferred to a BG mini-column,
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centrifuged, and the mini-column placed in a new collection tube. The column was washed once with 200 uL. GW Buffer and
then with 750 uL. Wash Buffer. After drying, the DNA was eluted in 100 uL of preheated Elution Buffer by centrifugation of the
BG mini-column at full speed. DNA was quantified using a NanoDrop 2000/2000c UV/VIS Spectrophotometer
(ThermoScientific™). To assess the purity of DNA, the absorbance at 260 nm (A,¢) was divided by the absorbance at 280 nm
(Azg0)- An Apg/Asgg ratio of 1.7-2.0 was considered good-quality DNA devoid of proteins. Extracted DNA samples were stored
at —20 °C until genotyping.

Genotyping

Genotyping was conducted for rs72552763 SNP at the Pharmacogenomics & Precision Medicine Laboratory of the Faculty of
Pharmacy, University of Malaya, Kuala Lumpur, Malaysia. Genotyping of the deletion polymorphism on SLC22A1
(rs72552763) was performed using the TagMan® 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). The genotyping procedure was carried out through quantitative real-time PCR (qQRT-PCR), following
the manufacturer’s protocol.>® Briefly, 10 ng of genomic DNA was added to the reconstituted 2X TagMan® Master Mix, 20X
Assay Working Stock and Nuclease-free water to achieve a final reaction volume of 20 uL. The gRT-PCR was conducted using
the StepOnePlus™ Real-Time PCR System, employing the standard ramp speed in the following 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. The allelic
discrimination plots were analyzed to determine the genotypes and alleles of the polymorphism for each of the study subjects.

Statistical Analysis

Statistical analyses were performed using IBM Statistical Package for Social Sciences (SPSS) Version 26 for Windows
(IBM Corp., Armonk, NY, USA). Categorical variables were reported as percentages. Kolmogorov—Smirnov and
Shapiro—Wilk tests were performed to determine the normality of continuous variables, and all data were found to be
not normally distributed. Continuous variables were presented as median and interquartile range (IQR) and mean +
standard deviation (SD). For continuous dependent variables, associations were assessed using the Independent-Samples
Mann—Whitney U-test.

Univariate binary logistic regression model analysis was performed for categorical dependent variables, and independent
variables (p < 0.2) were included in the multivariate logistic regression model analysis. Univariate logistic regression model
analysis results were expressed as crude odds ratios (COR) and multivariate logistic regression model analysis as adjusted odds
ratios (AOR) at 95% confidence intervals. The Hosmer—Lemeshow goodness-of-fit test was used to assess the model fit
(Hosmer—Lemeshow statistic > 0.05). Backward elimination (likelihood ratio) was used as the variable-selection method.
Furthermore, the associations between the alleles of 1572552763 SNP and metformin response and glycemic control were
assessed using the chi-square test and 95% confidence intervals. Statistical significance was set at p < 0.05. The minor allele
frequency (MAF) was calculated using Excel, and the Hardy—Weinberg equilibrium (HWE) test was performed using Gene-Calc
software.>’

To identify differences between genotypes with changes in biochemical measurements during follow-up, an absolute change
value was generated (the absolute change is the difference between the biochemical values obtained at M2 and the values
obtained at M1). Absolute reduction in HbAlc as indicator of metformin treatment response was obtained by subtracting M1
from M2, as M3 measurement was confounded by the use of new class of glucose lowering medication(s) in non-response group.
Therefore, all the significant differences observed in this study between the absolute change in biochemical values and
1572552763 SNP were evaluated at 3 months of follow-up. The association between 1s72552763 SNP and the number of
patients reaching a treatment goal for their HbAlc <7.0% was also assessed.

Results

General Characteristics of the Study Cohort
In our study 127 participants were identified to be eligible for metformin response study cohort from the SPMMCH
medical record throughout the study period: However, 41 participants were excluded due to different reasons (11
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participants due to comorbidities that affect metformin plasma concentration (mainly thyroid disorders), 14 participants
due to non-adherence to medication and/or non-adherence to diet, 2 participants because of smoking habit, 9 participants
because of medications that interact with metformin (antidepressants, steroids, ARVs and anti-cancer agents) and 3
participants did not consent for blood withdrawal for the genotyping purpose). However, two study participants were lost
to follow-up in the responder group, and data from 86 study participants were used in the final analysis.

Among the study participants 36.05% (n = 31) were male, 63.95% (n = 55) were female, and 81.4% (n = 70) were
aged between 29 and 55 years. The majority of the study participants (58.1%) were obese (BMI > 30 kg/m2), 72.1% (n =
62) had diabetic dyslipidemia, and 24.4% (n = 22) were inactive. The Independent-Samples Mann—Whitney U-Test
showed no significant difference in the median values of baseline HbAlc, FBG, TG, HDL, BMI, metformin daily doses,
and age at diagnosis between the metformin responders and non-responders. The median daily dose of metformin was
1000 mg in both the metformin responder and non-responder groups. Furthermore, there were no significant differences
in sex or level of physical activity between metformin responders and non-responders in univariate logistic regression
analysis (Table 1).

Genotype Frequency

The SNP of interest in this study, a 3-base pair (GAT) deletion mutation (rs72552763) of SLC22A41 gene, was in line with the
principles of the Hardy-Weinberg equilibrium (p = 0.984). The MAF of the deletion (del) allele was 9.3%, whereas that of the
wild-type GAT (G) allele was 90.7%. Only one patient was homozygous for the rs72552763 del allele (Table 2).

Association Studies
Genotypes/Alleles and Metformin 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 age, baseline FBG 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).

The independent Samples Mann—Whitney U-test was performed to examine the possible associations between
rs72552763 and absolute reductions in HbAlc and FBG levels after three months of metformin treatment, which did

Table | Baseline and Treatment Characteristics of the Study Participants (n = 86)

Variable Metformin Responder Metformin Non-Responder p-value
Age at diagnosis (years) (Median, IQR) 50.5 (40.0-56.0) 45.0 (40.0-50.0) 0.07
BMI (Kg/m2) (Median, IQR) 30.38 (26.77-32.90) 31.13 (27.95-33.25) 0.29
Baseline HbAlc (%)(Median, IQR) 8.05 (7.00-9.20) 8.00 (8.00-9.00) 0.93
Baseline Fasting glucose (mg/dl) 159.50 (138.00—-192.00) 178.00 (149.50-203.00) 0.06
(Median, IQR)
Baseline Triglyceride (mg/dl) (Median, IQR) | 143.95 (96.50-210.45) 148.50 (103.50-209.00) 0.70
Baseline HDL (mg/dl) (Median, IQR) 42.00 (35.25-50.70) 43.10 (38.0546.15) 0.89
Metformin daily dose in mg (Median, IQR) | 1000 (1000-2000) 1000 (1000-2000) 0.59
Physical activity Active % Inactive % Active % Inactive % | 0.53
78.57 21.42 72.72 27.27
Sex Male % Female % Male % Female % 0.70
51.61 47.27 48.39 52.73
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Table 2 Genotype and Allele Frequency Distribution of rs72552763 SNP Across the Study
Participants (n = 86)

rs72552763 SNP Response Study Group Allele Frequency
Non-Responder (N) Responder (N)

del_del genotype | 0

del_G genotype 4 10

G_G genotype 39 32

del-allele 6 10 9.3%

G-allele 82 74 90.7%

Abbreviations: N, frequency; del_del, deletion_deletion; G_G, GAT_GAT; del_G, deletion_GAT.

Table 3 Logistic Regression Analysis for Predictor of Metformin Response Among the Study Participants (n = 85)

Predictor Factors Univariate Analysis Multivariate Analysis

Genotypes of Met420del Variant of SLC22A1 | COR (95% CI) p-value | AOR (95% CI) p-value
Gene (rs72552763)

G_G genotype | |

del_G genotype 3.047 (0.873-10.637) | 0.081 3.675 (1.005-13.436) | 0.049
Age 1042 (0.993-1.093) | 0.094 1.051 (0.999-1.106) | 0.052
Baseline FBG 0.994 (0.986-1.002) | 0.125

BMI 0.934 (0.844-1.033) | 0.183 | 0.904 (0.808-1.012) | 0.079

Abbreviations: COR, crude odds ratio; AOR, adjusted odds ratio; G_G, GAT_GAT; del_G, deletion_GAT.

not produce significant associations among the two genotypes (Figure 1). In contrast, a significantly lower median
treatment HbA 1c 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).
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Figure | Independent Samples Mann—Whitney U-test between genotypes of Met420del variant of SLC22AIgene (rs72552763) and absolute reductions in HbAIC (A) and
in FBG (B) following three months of metformin treatment.
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Figure 2 Independent Samples Mann—Whitney U-test between genotypes of Met420del variant of SLC22AIgene (rs72552763) and median HbAlc (A) and FBG (B) levels
following three months of metformin treatment.

A chi-square test was performed to determine the possible association between the alleles of rs72552763 and
metformin response, and no significant differences were observed among del alleles and G _alleles between the
responder and non-responder groups (OR = 1.746, 95% CI, 0.664-4.592, p = 0.251).

Genotypes/Alleles and Glycemic Control
In our study 59.3% of the study participants had poor glycemic control (HbAlc >7.0%). In the univariate logistic
regression analysis, higher baseline FBG (COR = 0.982, 95% CI (0.970-0.994), p < 0.05) and higher baseline HbAlc
(COR = 0.5, 95% CI (0.331-0.756), p < 0.05) levels were significantly associated with a decrease in glycemic control.
However, in the multivariate logistic regression model, only BMI (AOR = 0.847; 95% CI (0.740-0.970), p = 0.016) and
baseline HbAlc level (AOR = 0.478, 95% CI (0.305-0.751), p = 0.001) were significantly associated with a decrease in
glycemic control (Table 4).

In the univariate logistic regression analysis, glycemic control after 3 months of metformin treatment was nearly

significantly higher in the del G genotypes than in the wild-type GG genotypes (COR = 3.312; 95% CI (1.001-10.961),
p = 0.05) (Table 4).

Table 4 Logistic Regression Analysis for Predictor of Glycemic Control Among the Study Participants (n = 85)

Predictor Factors Univariate Analysis Multivariate Analysis

Genotypes of Met420del Variant of SLC22A1 | COR (95% CI) p-value | AOR (95% CI) p-value
Gene (rs72552763)

G_G genotype | |

del_G genotype 3.312 (1.001-10.961) | 0.05 3.911 (0.995-15.376) | 0.051
Metformin daily dose in mg 0.999 (0.998-1) 0.087
Baseline fasting glucose 0.982 (0.970-0.994) 0.003
Baseline HbAlc 0.500 (0.331-0.756) 0.001 0.478 (0.305-0.751) 0.001
BMI 0.900 (0.806—1.006) 0.063 0.847 (0.740-0.970) 0.016

Abbreviations: COR, crude odds ratio; AOR, adjusted odds ratio; G_G, GAT_GAT; del_G, deletion_GAT.
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Chi-square test analysis of glycemic control with the alleles of rs$72552763 showed that 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).

Discussion

In patients receiving metformin as an initial treatment for T2DM, previous studies reported that only less than two-thirds
achieve acceptable glycemic control or a target HbA Ic of <7.0%.>®>? In our study, we also found that about 59.3% of the
study participants had poor glycemic control (HbAlc level >7.0%), which is in line with previous studies that reported
approximately two-third of the Ethiopian T2DM patients had poor glycemic control.® The percentage of T2DM patients
with HbAlc <7.0% in our study (40.7%) is also similar with two different cross-sectional studies in sub-Saharan Africa,
from Kenyatta National Hospital, Kenya (36.9%)*° and National Hospital of Abuja, Nigeria (37.9%).*'

In this study, we determined the response of metformin in 86 T2DM patients and assessed its association with
1s72552763 polymorphism. The MAF for rs72552763 was 9.3% and this is the first study to report the MAF of the
1$72552763 polymorphism in the Ethiopian population. It appears that the observed MAF of Met420del in our study is
different from both Caucasians (18.5%) as well as from the previously reported population of South Africa (4%)42 and
African Americans (5%).% This difference in MAF is in line with a previous study that reported populations of sub-
Saharan Africa are the most genetically diverse in the world compared with people of non-African ancestry.*> Further,
allele frequency differences for genes that encode for drug transport proteins are reported to be greater among African
than European or Asian populations.** The fact that our finding of relatively higher MAF for 1572552763 compared to
other Africans shows its potential pharmacologic relevance in the Ethiopian population. However, only one patient in our
study was homozygous for rs72552763; thus, statistical analysis in comparing genotypes was pooled between patients
homozygous for the wild-type allele and those heterozygous for the allele.

Contrary to the bulk of the evidence in the literature, our study found that carriers of the reduced function Met420del
variant of SLC22A41 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 (AOR = 3.675 and 95% CI (1.005-13.436), p = 0.049). However, because it is barely significant, the
result have to be considered with caution and require a replication study with a larger sample size. Furthermore,
a significantly lower median treatment HbA1 level was found in del G genotypes as compared to the wild-type G_G
genotypes (p = 0.015).

In addition to the metformin response, we examined the association of Met420del genetic variant of SLC2241 gene
with the attainment of glycemic control. Metformin response and glycemic control outcomes provide complementary, but
not redundant, information. The metformin response outcome, which was measured by an absolute reduction in HbAlc
level, allowed the assessment of whether the Met420del genetic variant of SLC22A41 gene might influence any metabolic
pathways of metformin. On the other hand, the assessment in the attainment of HbAlc level < 7.0% help us to know
whether patients had achieved the optimal level of glycemic control to reduce the risk of diabetes complications.** In our
study, 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).

In our study, although we found a significant association of del G genotype with metformin response, there was no
significant difference between del allele and G_allele between responder and non-responder groups (OR = 1.746, 95%
CI, 0.664-4.592, p = 0.251). Normally the lack of association at the allele level is not surprising as the bulk of the
evidence including the meta-analysis of multiple smaller studies showed a lack of effects of reduced function variants of
SLC22A1 including 420del on various measurements of metformin response, supports this finding.'” However, the
finding appears inconsistent with the finding of this study as the del G genotypes has shown a significantly better
response as compared to the wild-type G_G genotypes. However, as different reports on this variants have shown
inconsistent result across different ethnic populations, we assume the association of met420del polymorphisms on
metformin response in the genotype level might be novel finding in our population while the absence of association at
the allele level might be related to the limitation in the definition of non- response in our study which is based on HbAlc
reduction over 3 months which could be influenced by short-term life style changes and most importantly due to the
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smaller sample size. In our study, a single individual who was homozygous for the deletion allele was among the non-
responder group (Table 2). Thus, given the very small allelic frequency of the deletion allele as compared to the wild type
GAT allele, a false-negative result (type II error) might result in associating the allele with metformin treatment response.
Our assumption could be further supported by our finding that deletion allele is significantly associated with good
glycemic control (COR = 3.206, 95% CI (1.165-8.823), p = 0.016). Indeed, patients carrying the deletion 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 measured as (HbAlc < 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, an absolute reduction in HbA1lc measurement, that shows only HbAlc
change over 3 month period.

In contrast, the statistically significant association between the median treatment HbAlc and rs72552763 SNP was not
replicated with the median treatment FBG levels. This might be again in line with the bulk of the evidence that reported no
association between metformin treatment response and reduced function variants of SIC2241'" or might be because of
contemporary evidence showing that FBG is neither a better correlate nor accurately predicts HbA 1¢ values when compared to
postprandial glucose (PPG).*® Furthermore, we did not observe a significant association between the genotypes of rs72552763
SNP and absolute reductions in HbAlc and FBG levels. The lack of association between the absolute reduction in HbA lc and
the del G genotypes in our study might be due to the smaller sample size, as the median treatment HbAlc was found to be
significantly lower in the del G genotypes as compared to the wild-type G_G genotypes.

Our study also observed no significant intergroup difference in BMI between metformin responder and non-responder
groups, which is consistent with studies conducted elsewhere.*’ ! This data might suggest that physician’s disinclination
to prescribing metformin for normal-weight T2DM patients is unfounded.

Conflicting reports have appeared in the literature regarding the association between reduced functional variants of
SLC2241 including met420del and metformin response, although the majority of the findings report no association.'’
The variants have been reported to be associated with good responses in Danish (rs72552763)>% and Chinese (rs628031)
studies.™ In contrast, 1572552763 did not affect HbAlc reduction in Latvian®* and Danish population.>> Moreover, Shu
et al’® Mahrooz et al’” and Becker et al>® reported that OCT1 alleles, including rs72552763, have little or no effect on the
oral glucose tolerance test, FBG reduction, and HbAlc, respectively, following metformin treatment. However, the
Genetics of Diabetes Audit and Research in Tayside Scotland (GoDART) study reported that the R61C genotype, but not
1872552763, was associated with better metformin outcomes.>”

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. The variation in the association between the reduced-function
variant and metformin response in different ethnic cohorts may indicate that the role of SLC2241 polymorphisms in
modulating responsiveness to metformin treatment in T2DM is highly dependent on the genetic background of the
patient. It appears that the bulk of evidence concentrates on the finding that the reduced function allele of SLC2241 is
associated with reduced cellular metformin uptake but no association with metformin treatment response.'’ Contrary to
this widely believed notion, we found a significantly higher metformin response and glycemic control in participants
carrying the minor deletion allele in our study population. Although the finding of this study appears to be against the
majority of the reports in the literatures, we assume that the association of met420del polymorphisms on metformin
treatment response might be novel finding in our population as previous studies reported inconsistent result on this
variant across different ethnic populations.’®°*®" However, as we found a barely significant result, it needs to be
replicated in a more powered study. 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.®> ®* 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
of OCT1 causes the accumulation of metformin in the gut.®>®° Putative gut-based mechanisms of metformin include
direct and indirect enhanced secretion of glucagon-like peptide-1 (GLP-1) from intestinal L-cells via various
mechanisms.®”*® We believe that these conflicting reports need to be resolved by conducting further research using
improved methods. Moreover, since most studies investigating the effects of SLC22A41 polymorphisms in the context of
therapeutic responses to metformin for T2DM have focused on European, Asian, and Caucasian populations,®® an
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increasing number of studies need to be conducted with improved methods in African populations, an important region
for studying human genetic diversity.*

The major limitations of this study were its relatively short duration and small sample size. However, long-term data
have shown that the glucose-lowering effect of metformin stabilizes after 3—4 months of treatment.’® Therefore, the
findings of this study require validation in larger cohort studies by assessing multiple additional variants of SLC22A41
gene reported to affect the response to metformin.

Conclusion

To the best of our knowledge, this is the first study to investigate the allele frequency distribution of the Met420del
variant of SLC22A41 in the Ethiopian T2DM population. In this study, it was demonstrated that metformin response was
significantly higher in study participants with a heterozygous carrier of the M420del variants of SLC22A41 as compared to
the wild-type G_G genotypes after 3 months of treatment. Furthermore, it was also demonstrated that the minor
del _allele was significantly associated with good glycemic control as compared to the wild-type G_allele. This
information may contribute to the timely identification of metformin treatment responders to non-responders before
the start of pharmacological therapy, if the results are replicated in a study with a larger sample size.
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