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Abstract

The organic cation transporters (OCT1 and OCT2) and the multidrug and toxin extrusion
transporter 1 (MATE1), encoded by the SLC22A1, SLC22A2, and SLC47A1 genes, respectively,
are responsible for the absorption of the metformin in enterocytes, hepatocytes, and kidney cells.
The aim of the study was to evaluate whether a genetic variation in the SLC22A1, SLC22A2, and
SLC47A1 genes could be associated with an altered response to metformin in patients with type-2
diabetes (T2D). A cohort study was conducted in 308 individuals with a diagnosis of T2D of less
than 3 years and who had metformin monotherapy. Three measurements of blood glycosylated
hemoglobin (HbAlc) were obtained at the beginning of the study, and at 6 and 12 months. Five
polymorphisms were analyzed in the SLC22A1 (rs622342, rs628031, rs594709), SLC22A2
(rs316019), and SLC47A1 (rs2289669) genes by real-time PCR. The results showed a significant
association among genotypes CC-rs622342 (=1.36; p <0.001), AA-rs628031 (5=0.98; p = 0.032),
and GG-rs594709 (5=1.21; p = 0.016) in the SLC22A1 gene with the average increase in HbAlc
levels during the follow-up period. Additionally, a significant association was found in the CGA
and CAG haplotypes with the average increase in HbAlc levels compared to the highest frequency
haplotype (AGA). In conclusion, the genetic variation in the SLC22A1 gene is significantly related
to the variation of the HbA1c levels, an important indicator of glycemic control in diabetic patients.
This information may contribute to identify patients with an altered response to metformin prior to

starting their therapy.

Keywords
Type-2 diabetes, Metformin, SLC22A1, SLC22A2, SLC47A1



Introduction

Diabetes is a chronic disease that occurs when the pancreas does not produce or secrete sufficient
insulin or when the body is not able to use this hormone effectively; thus, glucose does not
appropriately become incorporated into the cells and a hyperglycemic state is generated. Initial
treatment in patients with diabetes is a combination of changes in lifestyle, mainly healthy eating
and exercise; in addition, the use of drugs can be recommended. Metformin is the drug-of-choice
to treat diabetic patients, due to their low cost and euglycemic effectiveness. Additionally, in
contrast to other medications, metformin does not cause hypoglycemia or hyperinsulinemia,
common side effects associated with other antidiabetic drugs.! Metformin is not metabolized, and
is excreted unchanged in urine, with a half-life of ~5 h. The classic functional mechanism of
metformin is decreasing the state of hepatic energy, decreasing hepatic glucose production and
fatty acids synthesis, as well as reducing gastrointestinal glucose absorption and improving
peripheral sensitivity to insulin.?

Metformin is widely distributed to several tissues and enters the cells by the action of
membrane transporters such as the organic cation transporters (OCT1, OCT2, and OCT3), the
multidrug and toxin extrusion transporters (MATEL and MATEZ2), and the plasma membrane
monoamine transporter (PMAT).2 In the cell, metformin inhibits the complex | of the mitochondrial
electron transport chain, which results in a decrease of ATP and an increase in ADP and AMP
concentrations, causing a low energy level. This depletion of energy is responsible for the
activation of the 5-adenosine monophosphate kinase (AMPK) protein. The activation of AMPK
leads to an increase in the catabolic reactions that produce energy, such as B-oxidation, glycolysis,
or autophagy, and an inhibition of anabolic reactions that require energy, thus ensuring the
restoration of cellular energy balance. Additionally, AMPK promotes the transcription of
mitochondrial genes and inhibits the expression of genes involved in lipogenesis and of anabolic
pathways that consume ATP, such as protein synthesis.®®

Clinically, variation in the response to metformin is very high, and more than 36% of
individuals with T2D treated only with metformin have unacceptable glucose levels. Genetic and
non-genetic characteristics have been related to modifying the metformin response; for example,
age, gender, and body weight are partially responsible for this variation. In addition, studies in
native population of the American continent have shown less control in blood glucose

concentrations in comparison to European or Asian populations, who tend to have better metabolic
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control.”® Several studies have provided evidence that the effectiveness of metformin is affected
by genetic variants in the transporters OCT1 (SLC22A1), OCT2 (SLC22A2)}2, and MATE-1
(SLC47A1).° In particular, OCT1 plays an important role in the hepatic uptake of metformin, and
their genetic variants in SLC22A1 have been widely studied and associated with decreased the
efficacy of metformin. Among these variants, rs622342, rs628031, and rs594709 have been shown
to decrease the effectiveness of metformin in several populations.'®*2 On the other hand, OCT2
and MATE-1 are mainly expressed on the kidney and facilitate the excretion of metformin from
tubular cells into urine.® Studies in patients and in cell lines identified that the single nucleotide
polymorphisms (SNPs) rs316019 and rs2289669 in the SLC22A and SLC47AL1 genes, respectively,
could exert an effect on the distribution and elimination of metformin.'® However, opposite results
have been reported, without a significant impact of these variants on the glycemic response to
metformin.4

The purpose of this study was to analyze the relationship between SNPs in the SLC22A1,
SLC22A2, and SLC47A1 genes and blood glucose control in diabetic patients after 6 and 12 months

under treatment with metformin alone.

Methods

Study participants

A cohort study was conducted in 308 individuals aged than 25 years, residents of Mexico City,
with a diagnosis of fewer than 3 years type-2 diabetes (T2D). All participants received only
metformin monotherapy during follow-up. Follow-up of the participants was carried out for 1 year,
performing clinical measurements at the beginning of the study (T1), at 6 months (T2), and at 12
months (T3). The protocol was approved by the National Committee and the Ethics Committee
Board of the Mexican Institute Social Security (IMSS) and was conducted in compliance with the
Declaration of Helsinki. Written informed consent was obtained from each participant.
Anthropometry, blood pressure, and the dose of metformin used in the patients’ treatment were
recorded for each patient. Patients who withdrew from the study, who did not follow the treatment,
who had micro- or macroalbuminuria, and those who were treated with some other antidiabetic

drug during follow-up were excluded from the study.



Anthropometric and biochemical measurements

Participants were scheduled for their clinical evaluation. Each one was weighed with a digital scale,
waist and hip circumference was measured with an anthropometric tape, and height, with a portable
stadiometer. Body mass index (BMI) was calculated by dividing weight (kg) by height squared
(m?). Systolic and diastolic blood pressure (SBP and DBP) were measured using a mercury
sphygmomanometer. Blood samples were obtained after a 12-h fast for biochemical studies.
Concentrations of high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein
cholesterol (LDL-c), triglycerides (TG), transaminases (alanine and aspartate amino transferase),
creatinine, and albumin were measured using the ILab 350 (Instrumentation Laboratory, Spain).
Percentage of glycosylated hemoglobin (HbAlc) was measured using the VARIANT 11 system
(Bio-Rad Laboratories, Inc., CA, USA). Serum concentrations of creatinine and microalbuminuria

were analyzed to rule out individuals with impaired kidney function.
Genotyping

Genomic DNA extraction from peripheral blood leukocytes was performed using the automated
FLEX STAR system (AutoGen, Inc., MA, USA). optical density (OD) and the 260/280 ratio were
measured in order to assess DNA concentration and quality. SNPs rs622342, rs628031, rs594709
(SLC22A1 gene); rs316019 (SLC22A2 gene), and rs2289669 (SLC47AL gene) were genotyped
using TagMan probes and the 7900HT real-time PCR system (Applied Biosystems, Inc., CA,
USA).

Statistical analysis

The sociodemographic and clinical characteristics of the participants were summarized, the
qualitative variables were in frequencies, and the quantitative variables, in medians and 25th—75th
percentiles. To compare frequencies or medians between groups or SNPs, Chi-square (X?), Mann-
Whitney U, or Kruskal-Wallis tests were used. Hardy-Weinberg equilibrium (HWE) was verified
using the X2 test with one degree of freedom. To identify the effect of the polymorphisms studied
on the biochemical parameters, for each biochemical parameter the delta variable (A) was
generated, which represents the difference between the measurement obtained at the beginning of
the study (T1) and the measurement after 6 months (T2) or at the end of the study (T3). Generalized
linear models adjusted were evaluated to identify possible associations between the SNP and the



change (A) generated in the biochemical parameters. A value of p <0.05 was considered significant.
Statistical analysis was performed using STATA v.13 statistical software.

Results

To identify how many participants were under good glucose control using metformin monotherapy,
we classified the 308 participants as controlled and uncontrolled using glycosylated hemoglobin
(HbAXLc) levels of <7% and >7%, respectively, in agreement with the recommendations of the
American Diabetes Association. We found that 48.7% of the patients were uncontrolled, with >7%
of HbAlc values. A significant increase in age, years of evolution of T2D, waist circumference,
diastolic blood pressure, and triglycerides was observed in the uncontrolled group, as well as
reduced levels of HDL-c and creatinine with respect to the controlled group (Table 1). At the end
of the study, a total of 155 uncontrolled patients were detected, among whom 116 had low glycemic
control from the beginning, and 39 were controlled at the start of the study.

Genotype frequencies were consistent with the Hardy-Weinberg equilibrium (HWE) test,
except for rs628031, that was very near the HWE (p = 0.046). In order to identify differences
between genotypes with changes in biochemical measurements during follow-up, the A value was
generated (A is the difference between the biochemical values obtained at T2 or T3 with the values
obtained at T1). No significant differences were observed between biochemical A values and the
SNP evaluated at 6 months of follow-up (data not shown). Nevertheless, when A values for 12
months of follow-up were evaluated, we identified higher A values for HbAlc in individuals
carrying the CC (Table 2) and AA (Table 3) genotypes for rs622342 and rs628031 in the SLC22A1
gene, respectively. However, no significant differences were found for SNP rs594709 (Table 4),
rs316019 (Table S1), and rs2289669 (Table S2).

On the other hand, when we evaluated generalized linear models adjusted for gender, age,
years of diabetes evolution, and waist circumference, we identified a significant association of the
CC-rs622342 ($=1.36; p <0.001), AA-rs628031 ($=0.98; p = 0.032), and GG-rs594709 (8=1.21;
p = 0.016) genotypes with the A values of HbAlc during the follow-up period (Table 5).
Additionally, we identified a significant effect of the CGA and CAG haplotypes on the A value in
HbAlc compared with the highest frequency haplotype (AGA). It is noteworthy that the CAG
haplotype is constituted by the risk alleles for the three SNPs in the SLC22A1 gene (Table 6).
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Furthermore, we found linkage disequilibrium (LD) between rs628031 with rs594709 in the
SLC22A1 gene, with a Lewontin statistic (D") value of 0.539 and a p value of <0.001.

Discussion

Metformin is widely used for the treatment of type-2 diabetes, which, unlike other drugs, does not
cause hypoglycemia or hyperinsulinemia and its main action comprises the reduction of glucose
and fatty acid synthesis, the reduction of intestinal absorption of glucose, and the improvement of
insulin sensitivity in peripheral tissues. OCT play an important role in the membrane transport of
metformin in different tissues. Metformin is not metabolized by hepatic enzymes and is excreted
unchanged by the kidneys. Variants in the SLC22A1, SLC22A2, and SLC47A1 genes have been
identified that modify the function of the transporters that encode and that possess an important
role in the pharmacodynamics of metformin.'® Shu et al.'® functionally characterized 15 protein-
altering variants of the human liver OCT1; these authors observed that five variants exhibit
decreased function and one had increased function. In addition, they found that genetic variants in
the SLC22A1 gene contribute to a wide variation in response to metformin.’

In our study, we identified that SNPs in the SLC22A1 gene are related with changes in
HbAlc levels, in that individuals carrying the CC-rs622342 genotype and the AA-rs628031
genotype exhibited a significant increase in HbAlc levels after 12 months of follow-up compared
with individuals carrying the AA-rs622342 and GG-rs628031 genotypes, respectively. Analyzing
generalized linear models that had been adjusted, we identified a significant association among the
CC-rs622342 (p <0.001), AA-rs628031 (p = 0.032), and GG-rs594709 (p = 0.016) genotypes in
the SLC22A1 gene with the increase of HbAlc levels in diabetic patients treated with metformin
alone at 12 months of follow-up.

Similar results were reported in the follow-up study of T2D patients in South India,
indicating that diabetic patients carrying the AA-rs622342 genotype had a 5.6 times better chance
of response to metformin treatment compared with patients carrying the CC genotype.*® For their
part, Becker et al.™® reported a significant association among individuals carrying the CC-rs622342
genotype, with an average increase of 0.02% in HbALlc levels. This same working group in 2010
identified a significant association between the interaction of the CC-rs622342 genotype and the
A-rs2289669 allele with the change in HbAlc levels (-0.68; 95% CI: -1.06 to -0.30; p = 0.005) in
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incident metformin users.'® In order to clarify the effect of the rs622342 polymorphism of the
SLC22A1 gene in the transport of drugs by OCT1, Becker et al.° conducted an analysis using data
from the Rotterdam cohort study of incident levodopa users, irrespective of whether the Rotterdam
group used other anti-parkinsonian drugs. Becker et al. concluded that subjects with the minor
allele (C) were associated with higher prescribed doses of anti-parkinsonian drugs and shorter
survival time after starting levodopa therapy, suggesting that patients with the AC or CC genotype
exhibit a lesser response to these drugs and more severe symptoms. This result suggests that the
SNP rs622342 could be related with affecting the functionality of OCT1, reducing its capacity for
the transport of drugs such as metformin, consequently reducing their action on glycemic control.
On the other hand, Tka¢ et al.?® found no association between the rs622342 and rs316019
polymorphisms with HbAlc levels at 6 months follow-up of patients with T2D treated with
metformin alone. Similar results to those of Tkac et al. were reported in the study conducted in
Danish population.?

For the rs628031 SNP, results similar to ours were reported in the cohort of Han Chinese
subjects with T2D incident metformin treatment, indicating that patients with the GG-rs628031
genotype had a greater reduction in postprandial plasma glucose compared with those with the AA-
rs628031 genotype (p <0.010).!! Opposite results have been reported in Iranian,?? Indian,?
Caucasian®® and Japanese®* populations, where no association was found between the rs628031
polymorphism and the response to treatment with metformin. These data reveal that there is a
substantial variation in the contribution of rs628031 to the efficacy of metformin. It is possible that
the rs622342 polymorphism found in an intron is in linkage disequilibrium (LD) with a functional
polymorphism, although the probability that it exerts a direct effect on splicing or gene expression
should not be ruled out.!® For its part, the rs628031 polymorphism causes a change in exon 7 of
OCT1, which consists of an amino-acid substitution at position 408 of the protein (Met408Val).*®

The rs628031 is a common polymorphism in the Caucasian population and it tend to
decrease to expression of the mRNA of the SLC22A1 gene in enterocytes, which leads to a decrease
in the intestinal uptake of metformin, therefore to its accumulation.? Furthermore, it has been
reported that rs628031 is in LD with rs36056065, which has been reported to cause an insertion of
eight nucleotides at the extreme of exon 7; this insertion may modify the splicing of mRNA,

consequently altering the functionality of OCT1.2
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On the other hand, we found that the GG genotype on rs594709 had significant increase in
HbAlc values, similar to results reported by Xiao et al.,!? where the authors identified that
individuals carrying the A allele of rs594709 presented better efficacy to treatment with metformin,
improving insulin sensitivity. Also, a study in European population reported a significant
association between allele G-rs594709 and lower serum acylcarnitine levels (p <0.001).
Acylcarnitines are intermediate metabolites that participate in mitochondrial oxidation processes,
and it has been proposed that these metabolites are exported from hepatocytes by OCT1, suggesting
that the OCT1 function is affected by variants in this gene.?’

In a study conducted in Chinese population reporting significant decrease in serum lipid
levels in individuals carrying the GG genotype of rs2289669, and for the rs316019 SNP, it has
been reported that carriers of the GT genotype are associated with greater renal clearance of
metformin in healthy volunteers, both European and African.'? Recently, it was reported that SNP
rs2289669 in the SLC47A1 gene exerts an effect on the response to metformin treatment, with
highest HbA1c reduction in patients with the A allele.?® However, we did not find a significant
association between SNP rs316019 or rs2289669 with HbA1c levels or with their change (A) at 12
months of follow-up. Similar results were obtained in Indian population, where a significant
association was not found between rs2289669 polymorphisms and changes in HbA1c levels in T2D
patients with metformin monotherapy after 3 months of follow-up.?® This suggested that these
variations could be due to differences in the population size of the studies or differences in allele
frequencies due to genetic diversity among populations.

Additionally, we identified a significant effect of CGA and CAG haplotypes of SNP
rs622342, rs628031, and rs594709 in the SLC22A1 gene on the increase of HbAlc levels at 12
months of follow-up compared with the AGA haplotype. These genetic variations could be
involved in a poor response to the action of metformin and decreased insulin sensitivity in
peripheral tissues. It is possible that the carriers of the variants mentioned require a higher dose of
metformin to improve their glycemic control. Future studies are required to evaluate the dose
response to treatment with metformin in individuals carrying these genotypes and with poor
glycemic control, and how the presence of the rs628031, rs622342, and rs594709 SNP could affect
the molecular interaction between OCT1 and metformin, which could facilitate the development

of new metformin analogues that are refractory to these variants.
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Conclusion

In summary, in this study we identified a significant association between variants in the SLC22A1
gene with the increase in glycosylated hemoglobin levels at 12 months of follow-up of T2D patients
who were incident metformin users, identifying that metformin therapy is less effective in the
glycemic control of patients with T2D carriers of the CC-rs622342, AA-rs628031, and GG-
rs594709 genotypes. This information that may contribute to the identification of patients with an

altered response to metformin prior to the initiation of therapy.
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Table 1. Demographic and clinical characteristics of the patients with T2D stratified by glycemic control

at the beginning of the study

Controlled Uncontrolled
Characteristic <7 % of HbAlc >7 % of HbAlc p
n=158 (51.3%) n=150 (48.7%)
Age (years) 55 (49-63) 54 (47-59) 0.0087
Gender, n (%)
Masculine 43 (27.3) 53 (35.3) 0.124%
Feminine 115 (72.8) 97 (64.7)
Years of T2D evolution 2(1-3) 2 (1.2-3) 0.004%
Waist circumference (cm) 97 (90-105) 100 (92-108) 0.023f
BMI, kg/m? 29.2 (27.1-32.7) 31.1 (27.1-35) 0.115
Systolic BP, mmHg 125.7 (115-135.3) 126 /117.3-133.7) 0.946'
Diastolic BP, mmHg 76.2 (70-81) 78.9 (73-84) 0.0047
Creatinine, mg/dL 0.7 (0.6-0.8) 0.6 (0.5-0.8) 0.003f
TG, mg/dL 159 (117-204) 188 (142-253) <0.001
HDL-c, mg/dL 45.5 (38-54) 41 (36-49) 0.0047
LDL-c, mg/dL 141 (121-162) 143 (123-161) 0.956'

Data are reported as medians and percentiles (25"-75" percentiles), or as noted in table. T Mann-Whitney

U test; ¥ Chi-square test. HbAlc: Glycosylated hemoglobin; BMI: Body mass index; BP: Blood Pressure;

TG: Triglycerides; HDL-c: High-density lipoprotein cholesterol; LDL-c: Low-density lipoprotein

cholesterol.
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Table 2. Relationship of the SNP rs622342 in the SLC22A1 gene with baseline levels and with change (A)

of the biochemical variables in diabetic patients treated with metformin

Genotypes
Variable AA AC CcC pT

n=116 (37%) n=153 (50%) n=39 (13%)
HbAlc, % 7(6.3,8.1) 6.8 (6.3, 8.2) 7.1(6.1,7.9) 0.841
TG, mg/dL 158 (126, 213) 173 (127, 222) 188 (144, 270) 0.270
HDL-c, mg/dL 45 (38, 53) 43 (37, 52) 43 (38, 50) 0.429
LDL-c, mg/dL 144 (132, 161) 139 (115, 59) 144 (125, 172) 0.076
Creatinine, mg/dL 0.6 (0.5, 0.7) 0.7 (0.6, 0.8) 0.7 (0.7, 0.8) 0.002
A HbAlc, % -0.1 (-0.6, 0.4) 0.1 (-0.4, 0.5) 0.5 (-0.1, 2.5) 0.003
A TG, mg/dL -9.5 (-56, 36) -8 (-50, 28) 0 (-68, 61) 0.545
A HDL-c, mg/dL 2 (-2, 8) 3(-1, 8) 1 (-4, 6) 0.306
A LDL-c, mg/dL 0(-23, 18.5) 1(-13, 18) 0(-31, 24) 0.601
A Creatinine, mg/dL 0(-0.1,0.1) 0(-0.1,0.1) 0(-0.2,0) 0.012

Data are reported as medians (25th — 75th percentiles). T Kruskal-Wallis test. HbAlc: Glycosylated

hemoglobin; TG: Triglycerides; HDL-c: High-density lipoprotein cholesterol; LDL-c: Low-density

lipoprotein cholesterol; A: Difference between measurement T3 and measurement T1.
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Table 3. Table 3. Relationship of the SNP rs628031 in the SLC22A1 gene with the basal levels and with

change (A) of the biochemical variables in diabetic patients treated with metformin

Genotypes
Variable GG GA AA pT

n=215 (70%) n=78 (25%) n=15 (5%)
HbAlc, % 7(6.2,8.1) 6.7 (6.3,8.4) 6.8 (6.4,7.2) 0.822
TG, mg/dL 173 (129,237) 169 (119,203) 173 (122,217) 0.390
HDL-c, mg/dL 44 (37,51) 46 (38, 53) 47 (37, 56) 0.373
LDL-c, mg/dL 143 (121,163)  139(123,159) 139 (129, 162) 0.842
Creatinine, mg/dL 0.6 (0.6, 0.8) 0.7 (0.6,0.8) 0.6 (0.5,0.9) 0.834
A HbAlc, % 0.1(-0.4,0.7) -0.1(-0.8,03)  0.6(0,2.7) 0.004
A TG, mg/dL -13 (-63, 33) -1 (-47, 59) 2 (-54, 36) 0.224
A HDL-c, mg/dL 3(-1,8) 1(-3,6) 5(-1,11) 0.370
A LDL-c, mg/dL 0 (-20, 17) 2.5 (-18, 19) 4 (-7, 26) 0.817
A Creatinine, mg/dL 0(-0.1,0.1) 0(0,0.1) 0(-0.1,0) 0.076

Data are reported as medians (25th — 75th percentiles); T Kruskal-Wallis test. HbAlc: Glycosylated

hemoglobin; TG: Triglycerides; HDL-c: High-density lipoprotein cholesterol; LDL-c: Low-density

lipoprotein cholesterol; A: Difference between measurement T3 and measurement T1.
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Table 4. Relationship of the SNP rs594709 in the SLC22A1 gene with the baseline levels and with change

(A) of the biochemical variables in diabetic patients treated with metformin

Genotypes
Variable AA AG GG pr

n=208 (68%) n=87 (28%) n=13 (4%)
HbALc, % 6.95 (6.2, 8.1) 6.7 (6.4, 8) 6.8(6.4,7.1) 0.751
TG, mg/dL 170 (125, 224)  173(131,229) 184 (122,211) 0.902
HDL-c, mg/dL 44 (38, 51) 44 (36, 52) 49 (40, 55) 0.256
LDL-c, mg/dL 142 (122,163) 136 (118,157) 153 (142,165) 0.098
Creatinine, mg/dL 0.6 (0.6, 0.8) 0.7 (0.6, 0.8) 0.6 (0.5,0.9) 0.589
A HbAlc, % 0.1 (-0.4, 0.6) 0 (-0.5, 0.5) 0 (-0.4, 3.5) 0.287
A TG, mg/dL -7 (-58.5, 44.5) -19 (-54, 24) 15 (-24, 36) 0.339
A HDL-c, mg/dL 2 (-2,7.5) 3(-1,9) -1 (-2, 8) 0.621
A LDL-c, mg/dL 1 (-20, 21) -1 (-15, 12) 3(-18, 19) 0.587
A Creatinine, mg/dL 0(-0.1,0.2) 0(-0.1,0.1) 0(-0.1,0.1) 0.299

Data are reported as medians (25th — 75th percentiles); T Kruskal-Wallis test. HbAlc: Glycosylated

hemoglobin; TG: Triglycerides; HDL-c: High-density lipoprotein cholesterol; LDL-c: Low-density

lipoprotein cholesterol; A: Difference between measurement T3 and measurement T1.
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Table 5. Association among the SNP rs622342, rs628031, and rs594709 in the SLC22A1 gene with the

increase of HbAlc levels in diabetic patients treated with metformin

Genotypes A HbAlc (%) B (95% CI) p
rs622342

AA 0.52+0.15 Ref

AC 0.63+£0.12 0.34 (-0.08, 0.75) 0.116
cC 1.61+0.39 1.36 (0.73, 2.00) <0.001
rs628031

GG 0.67 £0.12 Ref

GA 0.64 +0.17 -0.44 (-0.90, 0.02) 0.060
AA 0.98 £0.51 1.0 (0.09, 1.92) 0.032
rs594709

AA 0.63+0.12 Ref

AG 0.69+0.18 -0.12 (-0.57, 0.32) 0.581
GG 3.1+£0.62 1.21(0.22, 2.19) 0.016

Data are reported as geometric mean + standard error. S: regression coefficient; Cl: Confidence interval.

tGeneralized linear models adjusted for gender, age, years of diabetes evolution, and waist

circumference.
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Table 6. Effect of SLC22A1 gene haplotypes on the increase of HbALlc levels

SNP A HbAlc, %

Haplotype rs622342 rs628031 rs594709 Frequency B (95% CD)f p

1 A G A 0.475 Ref

2 C G A 0.275 0.7 (0.3, 1.0) < 0.001
3 A A G 0.056 0.2 (-0.5,0.8) 0.630
4 C A G 0.053 0.9 (0.2,1.5) 0.008
5 A G G 0.047 -0.1 (-0.8, 0.6) 0.810
6 A A A 0.047 0.2 (-0.5, 0.9) 0.610
7 C G G 0.028 0.9(-0.1,1.8) 0.087
8 C A A 0.020 -0.8 (-2.0, 0.3) 0.160

tGeneralized linear models adjusted for gender, age, years of T2D evolution, and waist circumference.

B: regression coefficient; Cl: Confidence interval.
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Table S1. Relationship of the SNP rs316019 in the SLC22A2 gene with the basal levels and with change

(A) of the biochemical variables in patients with T2D treated with metformin

Genotypes
Variable GG GA AA pr

n=281 (91%) n=26 (8.6%) n=1 (0.4%)
HbAlc, % 7.4(6.3,8.1) 7.9 (6, 7.5) 6 (6, 6) 0.269
TG, mg/dL 193 (125,226)  185(149,198) 264 (264,264)  0.403
HDL-c, mg/dL 45.1 (37, 52) 45.1 (40, 49) 45 (45, 45) 0.968
LDL-c, mg/dL 143 (121, 162)  140(129,155)  183(183,183)  0.354
Creatinine, mg/dL 0.67 (0.6, 0.8) 0.66 (0.6, 0.8) 0.5(0.5,0.5) 0.426
A HbAlc, % 0.19 (-0.4,0.6)  -0.01(-0.8,0.2)  0.2(0.2,0.2) 0.368
A TG, mg/dL -13.12 (-54,38)  -26 (-70, 26) -116 (-116, -116)  0.144
A HDL-c, mg/dL 3.18 (-2, 8) 5.76 (-1, 11) 2(2,2) 0.668
A LDL-c, mg/dL -1.59 (-18,18)  2.88 (-15, 24) -30 (-30, -30) 0.460
A Creatinine, mg/dL 0.01(-0.1,0.1) -0.01(-0.1,0.1) 0.1(0.1,0.1) 0.600

Data are reported as medians (25th — 75th percentiles); T Kruskal-Wallis test. HbAlc: Glycosylated

hemoglobin; TG: Triglycerides; HDL-c: High-density lipoprotein cholesterol; LDL-c: Low-density

lipoprotein cholesterol; A: Difference between measurement T3 and measurement T1.
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Table S2. Relationship of the SNP rs2289669 in the SLC47A1 gene with the baseline levels and with

change (A) of the biochemical variables in patients with T2D treated with metformin

Genotypes
Variable GG GA AA pr

n=78 (25%) n=150 (49%) n=80 (26%)
HbAlc, % 7.3(6.2,8.2) 7.5(6.3,8) 7.3(6.3,8.1) 0.757
HDL-c, mg/dL 45.8 (39, 54) 44.6 (36, 51) 45.3 (38, 51) 0.621
LDL-c, mg/dL 142 (124,162)  142(120,161) 144 (124,163)  0.771
TG, mg/dL 186.9 (125, 222) 192 (128,223) 200 (127,230)  0.628
Creatinine, mg/dL 0.66 (0.6, 0.8) 0.68 (0.6, 0.8) 0.67 (0.5, 0.8) 0.861
A HbAlc, % 0.23(-0.5,0.4)  0.12(-0.4,0.6)  0.21(-05,0.7) 0.676
A HDL-c, mg/dL 4.3 (-1, 10) 3.1(-2,7) 2.9 (-3, 6.5) 0.262
A LDL-c, mg/dL -0.89(-18,19)  -0.21(-15,18)  -3.7(-21,17.5) 0.824
A TG mg/dL -155(-70,33)  -12.3(-45,36)  -17.6(-55.5,38) 0.475
A Creatinine, mg/dL 0.21(-0.1,0.1) 0.01(-0.1,0.1)  -0.01(-0.1,0.1) 0.652

Data are reported as medians (25th — 75th percentiles); T Kruskal-Wallis test. HbAlc: Glycosylated

hemoglobin; TG: Triglycerides; HDL-c: High-density lipoprotein cholesterol; LDL-c: Low-density

lipoprotein cholesterol; A: Difference between measurement T3 and measurement T1.
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