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ABSTRACT

Aim: Type 2 diabetes mellitus (T2DM) is commonly managed using metformin and DPP-4 inhibitors (vildagliptin, linagliptin) to
improve glycemic control. However, their effects on electrolyte, mineral, and vitamin B12 levels remain unclear. The aim of this research
was to evaluate the impact of metformin and DPP-4 inhibitors on electrolyte levels, as well as mineral and vitamin B12 levels.

Material and Methods: Electrolyte and mineral levels (including sodium, potassium, calcium, magnesium, and chloride), along with
vitamin B12 concentrations, measured through standard laboratory methods in blood samples from T2DM patients receiving metformin
and DPP-4 inhibitors, as well as healthy controls, were retrospectively obtained from medical records. The results were analyzed by
comparing the control group with the treatment groups and the treatment groups with each other.
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Results: Sodium levels were decreased significantly in the metformin+DPP-4 inhibitor group compared to the metformin group
(p=0.034). Potassium concentrations were considerably elevated in both the metformin group and the DPP-4 inhibitor group than in
the control group (p=0.010 and p=0.006, respectively). Vitamin B12 concentrations demonstrated a statistically significant reduction in
the metformin+DPP-4 inhibitor group relative to the control group (p=0.006).

Conclusion: These findings highlight the potential impact of metformin and DPP-4 inhibitors on mineral and electrolyte homeostasis,
emphasizing the importance of regular assessment of electrolyte levels and vitamin B12 status in individuals receiving these treatments.
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Tiirkiye Diyabet ve Obezite Dergisi

0z
Amag: Tip 2 diabetes mellitus (T2DM) tedavisinde sik kullanilan metformin ve DPP-4 inhibitérleri (vildagliptin, linagliptin), glisemik
kontrolii saglamak icin yaygin olarak kullanilmaktadir. Ancak, elektrolit, mineral dengesi ve B12 vitamini diizeyleri tizerindeki etkileri
tam olarak bilinmemektedir. Bu ¢alisma, metformin ve DPP-4 inhibitérlerinin elektrolit dengesi, mineral diizeyleri ve B12 vitamini
tizerindeki etkilerini incelemeyi amaglamaktadur.

Gere¢ ve Yontemler: Metformin ve DPP-4 inhibitérleri alan T2DM hastalarinin ve saglikli katilimcilarin standart laboratuvar
teknikleriyle ol¢iilen kan orneklerindeki elektrolit/mineral (sodyum, potasyum, kalsiyum, magnezyum ve kloriir) ve vitamin B12
seviyeleri ge¢mis tibbi kayitlardan elde edildi. Sonuglar, kontrol grubu ile tedavi gruplar1 arasinda ve tedavi gruplar1 da kendi aralarinda
kargilastirilarak analiz edildi.

Bulgular: Sodyum diizeyleri metformin grubuna kiyasla, metformin+DPP-4 inhibitérii grubunda belirgin sekilde azaldi (p=0.034).
Potasyum diizeyleri kontrol grubuna kiyasla hem metformin hem de DPP-4 inhibitorii tedavi gruplarinda belirgin sekilde artt1 (sirasiyla
p=0.010, p=0.006). Vitamin B12 diizeyleri kontrol grubuna kiyasla, metformin+DPP-4 inhibitorii grubunda istatistiksel agidan 6nemli
bir disiis gosterdi (p=0.006).

Sonug: Bu bulgular metformin ve DPP-4 inhibitorlerinin mineral ve elektrolit homeostazi tizerindeki potansiyel etkisini vurgulamakta
ve bu tedavileri goren hastalarda elektrolit ve vitamin B12 diizeylerinin dikkatli bir sekilde izlenmesi gerektigini vurgulamaktadir.

Anahtar Sozciikler: T2DM, Metformin, DPP-4 inhibitorii, Elektrolit, Vitamin B12
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) has emerged as a major
global health challenge, driven by rising prevalence of ex-
cess body weight, sedentary lifestyles, and unhealthy eating
patterns. The prevalence of diabetes has considerably in-
creased in recent years, primarily because of the rising in-
cidence of T2DM. Many people continue to suffer increas-
ingly from this disease, which causes not only health-related
difficulties but also economic and sociological challenges,
as T2DM is defined by reduced insulin production by the
pancreatic B-cells and the inability of insulin-sensitive tis-
sues to properly respond to insulin (1,2). There is a wide
range of antidiabetic medications available, which can be
used either individually or in combination. There are cur-
rently ten classes of pharmacologic agents that can be taken
orally to treat T2DM. These consist of sulfonylureas, bigua-
nides, thiazolidinediones, meglitinides, bile acid seques-
trants, alpha-glucosidase inhibitors, dopamine receptor
agonists, sodium-glucose transporter protein 2 (SGLT2)
inhibitors, dipeptidyl peptidase IV (DPP-4) inhibitors and
oral glucagon-like peptide 1 (GLP-1) receptor agonists (3,
4). Managing T2DM requires both lifestyle adjustments and
medication, with metformin being the first-line therapy due
to its proven efficacy, safety profile, and potential benefits
in weight management (5). Metformin effects on mineral
and electrolyte balance should also be considered. It is a
member of the biguanide drug class and functions by reduc-
ing glucose production in the liver, increasing insulin sen-
sitivity, and promoting the uptake of glucose in peripheral
tissues (6). DPP-4 inhibitors, including vildagliptin and lin-
agliptin, also have a crucial impact in T2DM management;
they enhance insulin secretion depending on blood glucose
concentrations and inhibit the release of glucagon, thereby
contributing to improved glycemic regulation without no-
table weight gain (7). Additionally, while DPP-4 inhibitors
are typically considered safe, some studies have indicated
that they may influence electrolyte levels, particularly sodi-
um and potassium (8, 9).

While minerals are important for glucose metabolism and
contribute to antidiabetic activity, studies also indicate that
diabetes may disrupt the homeostasis of trace elements
(4,5,7). Initial disturbances in certain elements may have a
significant impact on insulin metabolism. Macro elements
primarily include chloride (Cl), calcium (Ca), phosphorus
(P), magnesium (Mg), sodium (Na), potassium (K) and Fe,
while some trace elements such as chromium (Cr), copper
(Cu), sulfur (S), iodine (I) and Zn activate insulin receptor
sites and increase insulin action (10). The role of these trace
elements is critical in the onset and advancement of T2DM,
and the physiological effects of various macro- and trace el-

ements exhibit variability within the context of this disease
(10,11). Metformin, along with Ca, Cu, Cr, Fe, Mg, Mn, K,
Se, Zn, and vitamin D, is closely associated with the phys-
iology of pancreatic B-cells. These elements significantly
contribute to hormone synthesis, secretion, and signaling,
particularly insulin, thereby contributing to the adjunctive
enhancement of glycemic control (12-17).

Additionally, chronic use of metformin has been linked to
vitamin B12 deficiency in certain individuals (18). This may
be due to alterations in the gut microbiota or changes in
the absorption of vitamin B12 in the intestines (5). Simi-
larly, reduced serum vitamin B12 concentrations have been
reported in patients treated with DPP-4 inhibitors (19). De-
pending on the population studied, between 5% and 40%
of metformin users may experience B12 vitamin deficiency.
Findings from the National Health and Nutrition Exami-
nation Survey (NHANES) indicates that 5.8% of diabetic
patients taking metformin display signs of vitamin B12 in-
sufficiency, compared to only 2.4% in those who are not on
the medication (19). Although the literature reveals an as-
sociation between vitamin B12 levels and administration of
metformin and DPP-4 inhibitors, the exact mechanisms by
which these medications affect vitamin B12 levels remain
unclear, emphasizing the importance of regularly assessing
vitamin B12 status in patients with T2DM.

Therefore, the present research aims to evaluate serum Na*,
K+, Ca*', Cl', Mg** concentrations along with vitamin B12
status in individuals diagnosed with T2DM who are receiv-
ing antidiabetic treatments (metformin, DPP-4 inhibitors,
or their combination) as well as in a control group.

MATERIALS and METHODS
Study Design and Population

We identified four research groups of 91 patients with
T2DM and 33 healthy control who started metformin and
DPP-4 inhibitors, and combination of metformin+DPP-4
inhibitors, including available data between 2022 and 2024
(Republic of Turkey Ministry of Health, Sinan Sipahi Fam-
ily Health Center). In the current retrospective research,
we observed the medical records of T2DM patients who
attended a family health center for routine follow-up. In-
clusion criteria included patients aged between 40 and 75
years who were on a stable regimen of metformin or DPP-4
inhibitor or metformin+ DPP-4 inhibitor combination for
at least six months (metformin, 1000 mg; vildagliptin, 50
mg; linagliptin, 5 mg; metformin+vildagliptin, 50 mg/1000
mg). The control group, consisting of healthy people, was
selected as people of similar age and gender to the patient
groups without any chronic disease, especially diabetes mel-
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Table 1: Characteristics of the patients and control subjects.

Characteristics Control (n=33) T2DM (n=91) Total (n) p value

Gender, n (%) 0,146

Male 15 (45.45) 46 (49.45) 61 (49.19)

Female 18 (54.55) 45 (50.55) 63 (50.81)

Age, mean * SD, years 55.24+1.98 58.01£1.91 0.246

Fasting serum glucose (mg/dL + SD) 88.81+9.20 <0.001

Metformin 121.57+5.69

DPP-4 inhibitor 165.26+12.11

Metformin+DPP-4 inhibitor 165.82+10.84

HbA1lc (% + SD) 5.93%0.18 <0.001

Metformin 6.17£0.11

DPP-4 inhibitor 7.51%+0.25

Metformin+DPP-4 inhibitor 7.65£0.29

SD: Standard deviation. Gender: Chi-square test. Age, fasting serum glucose, and HbA1c; one way ANOVA test.

Participant demographic and clinical profiles in the study, including control and treatment groups, are summarized in the table. Data are presented as
mean + standard deviation (SD) for continuous variables and percentages for categorical variables. Age and gender distribution are detailed for each

group.

Table 2: The study design and sample distribution.

Parameters * Control (n=33) T2DM (n=91) Metformin (n=48) DPP-4 inhibitor (n=22) Metformin + DPP-4 inhibitor (n=21)

Na* 32 (97.0) - 45 (93.8) 18 (81.8) 19 (86.4)
Ca® 31(93.9) - 42 (87.5) 18 (81.8) 17 (77.3)
K* 31(93.9) - 44 (91.7) 17 (77.3) 19 (86.4)
Mg 29 (87.9) - 36 (75.0) 16 (72.7) 16 (72.7)
cr 26 (78.8) - 23 (47.9) 10 (45.5) 12 (54.5)
B12 29 (87.9) - 23 (47.9) 12 (54.5) 10 (45.5)

*Data shown as number and percent (n(%)). T2DM: Type 2 diabetes mellitus

The sample size (n, %) and the number of measurements available for each biochemical parameter across study groups have been outlined. The groups
include healthy participants, patients with T2DM, and subgroups of T2DM patients using metformin, DPP-4 inhibitor, or metformin+DPP-4 inhibitor

combination therapy.

litus (Table 1). Blood samples were collected during routine
clinical visits, and information such as patients’ age, gender,
and clinical background was retrieved from their electronic
medical records.

Electrolyte, Mineral and Vitamin B12 Analysis

Electrolyte and mineral levels (including sodium, potassi-
um, calcium, magnesium, and chloride), along with vitamin
B12 concentrations, measured through standard laboratory
methods in blood samples from T2DM patients receiving
metformin and DPP-4 inhibitors, as well as healthy con-
trols, were retrospectively obtained from medical records.
The results were analyzed by comparing the control group
with the treatment groups and the treatment groups with
each other. Additionally, fasting blood glucose and glycat-
ed hemoglobin (HbAlc) levels were documented for each
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participant to provide a comprehensive metabolic profile
(Table 2).

Statistical Analysis

Sample size and effect size calculations were completed
via G*Power 3.1 software, employing a one-way ANOVA
framework with four research groups. With an alpha of 0.05,
a power of 0.95, and an effect size of 0.45, the required sam-
ple size was calculated as 100. However, 91 participants with
T2DM were included in the study. According to Cohen’s
conventional criteria, large effect sizes were observed for
sodium (f = 0.78) and chloride (f = 0.50), suggesting sub-
stantial group differences in these electrolytes. In contrast,
potassium (f = 0.12), magnesium (f = 0.05), vitamin B12 (f
= 0.07), and calcium (f = 0.04) exhibited small effect sizes,
indicating more modest variations among the groups.
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All statistical analyses were conducted using GraphPad
Prism software version 10.5.0. The Shapiro-Wilk test was
applied to assess the normality of the data, confirming that
all variables followed a normal distribution. Comparisons
of serum levels of Na*, K*, Ca** Mg*', CI, and vitamin B12
across four groups (metformin, DPP-4 inhibitors, combi-
nation therapy, and healthy controls) were performed us-
ing one-way ANOVA, followed by pairwise comparisons
through Tukey’s post-hoc test. The outcomes are expressed
as mean * standard error of the mean (SEM) or standard
deviation (SD). A p-value below 0.05 was considered indic-
ative of statistical significance.

RESULTS
Glycemic Parameters

In the control group, fasting serum glucose was 88.81 + 9.20
mg/dL,and HbAlcwas5.93 +0.18%, representing the mean
+ SD values. In the metformin group, fasting serum glucose
was 121.57 + 5.69 mg/dL and HbAlc was 6.17 + 0.11%. In
the DPP-4 inhibitor group, glucose was 165.26 + 12.11 mg/
dL and HbAlc was 7.51 £ 0.25%. In the metformin + DPP-
4 inhibitor group, glucose was 165.82 + 10.84 mg/dL and
HbAlc was 7.65 + 0.29%, representing the mean + SD val-
ues. (HbA1lc, p<0.001; fasting serum glucose, p<0.001). All
data are shown in Table 1.

Serum Mineral-Trace Element

Comparisons between groups were made among patients
using different antidiabetic drugs, including metformin,
DPP-4 inhibitors, and the metformin+DPP-4 inhibitor.
Additionally, these diabetic patient groups were compared
with the control group. Na*, K*, Ca?*, Mg*', Cl',and vitamin
B12 values between groups are shown in Figure 1.

The Na* levels were 140.29 + 2.42 in the control group,
140.44 + 2.30 in the metformin group, 139.29 + 2.71 in the
DPP-4 inhibitor group, and 138.47 + 3.42 in the metformin
+ DPP-4 inhibitor group, representing the mean + SD val-
ues. Analysis of serum Na* levels showed a significant dis-
tinction between the metformin group and the metformin
+ DPP-4 inhibitor group. Specifically, the metformin group
showed higher serum Na* concentrations compared to the
combination treatment group (*p=0.034, Figure 1A). Se-
rum Na* concentrations showed no meaningful differences
among the control and other groups (p> 0.05).

The K* levels were 4.38 + 0.21 in the control group, 4.66
+ 0.44 in the metformin group, 4.71 + 0.43 in the DPP-4
inhibitor group, and 4.64 + 0.26 in the metformin + DPP-
4 inhibitor group, representing the mean + SD values. K*
concentrations were considerably elevated in all treatment
groups (metformin, DPP-4 inhibitor, and metformin+D-

PP-4 inhibitor groups compared to the control group. How-
ever, only the metformin group and the DPP-4 inhibitor
group showed significant differences relative to the control
group (respectively, *p=0.010, **p=0.006 Figure 1B).

The Ca* levels were 9.50 * 0.36 in the control group, 9.40
£ 091 in the metformin group, 9.49 + 0.46 in the DPP-4
inhibitor group, and 9.46 + 0.38 in the metformin + DPP-
4 inhibitor group, representing the mean * SD values. No
significant differences were observed in serum Ca*levels
between the groups (p> 0.05, Figures 1C). The Mg*'levels
were 2.03 + 0.16 in the control group, 1.97 £ 0.21 in the met-
formin group, 1.87 £ 0.36 in the DPP-4 inhibitor group, and
1.90 + 0.23 in the metformin + DPP-4 inhibitor group, rep-
resenting the mean + SD values. No significant differenc-
es were observed in serum Mg?*levels between the groups
(p> 0.05, Figures 1D). The CI levels were 103.24 + 1.89 in
the control group, 103.46 + 2.46 in the metformin group,
103.90 + 2.64 in the DPP-4 inhibitor group, and 101.67 +
3.87 in the metformin + DPP-4 inhibitor group, represent-
ing the mean + SD values. No significant differences were
observed in serum Mg*levels between the groups (p> 0.05,
Figures 1E).

Serum Vitamin B12 Levels

The comparison of serum vitamin B12 levels between
groups is presented in Figure 1. Vitamin B12 levels were sig-
nificantly lower in the metformin and metformin+DPP-4
inhibitor groups compared to the control group. Vitamin
B12 levels were 2.54 + 0.20 in the control group, 2.44 + 0.15
in the metformin group, 2.52 + 0.14 in the DPP-4 inhibitor
group, and 2.32 £ 0.20 in the metformin + DPP-4 inhibi-
tor group, representing the mean + standard deviation val-
ues. A statistically significant decrease was observed in the
metformin+DPP-4 inhibitor group compared to the con-
trol group (**p=0.006, Figure 1F). However, no statistically
significant difference was found between the metformin or
DPP-4 inhibitor groups compared to control, and between
the metformin+DPP-4 inhibitor groups compared to met-
formin (p>0.05).

DISCUSSION

The incidence of diabetes mellitus is rising worldwide, and
a variety of drug classes are employed in the management
of diabetes and its comorbidities (20). Although oral antidi-
abetic drugs have a safe profile, they have some metabolic
and renal effects (21). Consequently, the findings of this re-
search reveal the effects of metformin and DPP-4 inhibitors
and their combinations on mineral, electrolyte, and vitamin
B12 levels in individuals with T2DM.

T2DM itself is associated with hyponatremia and hypomag-
nesemia, regardless of antidiabetic drug use (22-24). Evi-
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Figure 1: Serum Mineral-trace Element and Vitamin B12 Levels in Control and Treatment Groups. Comparison of serum biochemical
parameters among control subjects, metformin users, linagliptin users, and vildagliptin/metformin users.

A) Serum sodium (Na) levels, showing statistically significant differences between (metformin vs metformin+DPP-4 inhibitor) groups,
(*p=0.034). B) Serum calcium (Ca) levels, with no significant differences observed (p>0.05). C) Serum potassium (K) levels, indicating
significant differences between (control vs metformin, control vs DPP-4 inhibitor), (*p=0.010, **p =0.006). D) Serum magnesium (Mg)
levels, with no significant differences observed (p>0.05). E) Serum chloride (Cl) levels, with no significant differences detected (p>0.05).
F) Serum vitamin B12 levels, highlighting significant differences between (control vs metformin + DPP-4 inhibitor) groups, (**p=0.006).
Values are shown as mean + SEM, with asterisks indicating statistically significant differences (*p < 0.05, **p < 0.01).

dence suggests that hypomagnesemia is present in approx-
imately 20% of those with diabetes (24, 25). A case study
describing metformin medication leading to clinically sig-
nificant severe magnesium deficiency (0.33 mmol/L), which
resolved after discontinuation of the drug, suggests that
gastrointestinal Mg* loss associated with metformin may
lead to the occurrence of hypomagnesemia (26). A study of
940 non-insulin-treated patients in the Fremantle Diabetes
Study Phase I found that 19% had hypomagnesemia (<0.70
mmol/L). Individuals on metformin therapy, either alone or
combined with a sulfonylurea, had reduced serum Mg** lev-
els compared to those following a diet-only regimen (p<0.05)
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(24). A study involving 395 patients with T2DM found that
those using metformin had lower plasma Mg*levels. Among
all medications, metformin use showed the strongest corre-
lation with plasma Mg** concentration, independent of esti-
mated glomerular filtration rate or fasting glucose levels (27).
On the other hand, another study involving 208 patients
with T2DM found no impact of metformin treatment on se-
rum magnesium levels (28). DPP-4 inhibitors, in addition to
metformin, have been associated with reductions in serum
M*2. However, the mechanism of action of this condition is
not fully known (29). Our findings suggest that metformin
alone had no impact on serum Mg** concentrations.
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The osmotic effect of excess glucose in the extracellular
space causes water to shift from the intracellular to the ex-
tracellular compartment, resulting in a dilution of plasma
Na* levels (30). This type of hyponatremia is hyperton-
ic and reflects a disturbance in glucose regulation rather
than an imbalance of water and Na*. However, hypoton-
ic hyponatremia, which indicates a primary disruption of
water balance, has been associated with metformin (31). A
recent study has shown that metformin increases urinary
sodium excretion by decreasing phosphorylation of the
thiazide-sensitive Na*- Cl- co-transporter during acute and
chronic metformin use (32). Serum Na* levels were signif-
icantly reduced in the metformin+DPP-4 inhibitor group
compared to the metformin-only group (*p=0.034, Figure
1A).

In patients with T2DM, the possibility of hyperkalemia is
increased by many mechanisms, such as impaired K* excre-
tion, impaired renal tubular function, and decreased ability
of K* to pass into the cell (33). In a study by Fu et al., the
use of SGLT-2 inhibitors was correlated with a lower rate of
hyperkalemia compared with the use of DPP-4 inhibitors
and a slightly reduced risk compared with GLP-1 receptor
agonists (34). In this study, an increase in potassium levels
across all the treatment groups suggests a possible drug-re-
lated shift in potassium homeostasis, which could be rele-
vant for managing T2DM and avoiding complications re-
lated to hyperkalemia. Serum K* was considerably higher
in patients receiving metformin and DPP-4 inhibitors com-
pared to the control group (respectively, *p=0.01, **p=0.006,
Figure 1B). The lack of significant changes in calcium and
chloride levels may indicate that these electrolytes are less
affected by the treatment regimens used in this study.

Although the exact mechanisms of metformin-induced vi-
tamin B12 deficiency remain unclear, several possible ex-
planations have been suggested. One theory suggests that
metformin may impact small intestinal motility, leading to
bacterial overgrowth, which in turn interferes with the ab-
sorption of the vitamin B12-intrinsic factor complex (18).

A recent study highlighted an important issue regarding the
effects of certain diabetes medications on vitamin B12 lev-
els. The research found that a daily dose of sulfonylureas in
individuals with T2DM led to a considerable drop in mean
blood vitamin B12 levels and an increase in the prevalence
of vitamin B12 deficiency. Individuals with vitamin B12
deficiency were found to be older, consumed more sulfo-
nylureas (often in combination with metformin), and had
lower HbA1c levels compared to those without vitamin B12
deficiency. A separate study showed that the co-administra-
tion of metformin and DPP-4 inhibitors resulted in a severe

reduction in vitamin B12 levels. However, the exact mecha-
nism behind these findings remains unclear, and addition-
al prospective researches are needed to better understand
this observation (35). Our results show that serum vitamin
B12 levels were significantly reduced in patients using met-
formin+DPP-4 inhibitors compared to the control group
(**p=0.006, Figure 1F). As a result, the observed decrease in
vitamin B12 levels in the metformin and metformin+DPP-4
inhibitor groups is consistent with previous research high-
lighting the potential for vitamin B12 depletion in patients
treated with metformin over an extended period.

Impaired renal elimination due to diabetic nephropathy
may predispose patients to hyperkalemia, as the kidney los-
es their ability to excrete potassium efficiently (19). Moreo-
ver, in patients with poorly controlled diabetes or those on
antidiabetic medications, imbalances in sodium, potassium,
magnesium, and phosphate are frequently observed, possi-
bly due to mechanisms such as osmotic diuresis, secondary
hyperaldosteronism, and insulin resistance (22). Prospec-
tive studies incorporating detailed diabetic nephropathy
staging, dietary assessment, polypharmacy evaluation, and
functional biomarkers (e.g., methylmalonic acid for B12
status) will be crucial for more accurately elucidating the
observed biochemical changes and guiding clinical deci-
sion-making.

This study adds to the existing body of knowledge by inves-
tigating the effects of metformin and DPP-4 inhibitors on
electrolyte and mineral balance in patients with T2DM. In
particular, the significant effects of concomitant use of met-
formin and DPP-4 inhibitors on serum sodium and potassi-
um levels have enabled further understanding of the effects
of these drugs on electrolyte balance. Furthermore, despite
conflicting results in the literature, the effect of metform-
in monotherapy on serum magnesium levels has not been
shown to produce significant changes. In terms of vitamin
B12 deficiency, the demonstration that concomitant use
of metformin and DPP-4 inhibitors leads to a significant
decrease in serum B12 levels supports the need for moni-
toring of vitamin B12 levels in patients receiving long-term
treatment. This finding suggests that the risk of vitamin
B12 deficiency may increase, particularly with combination
therapy.

In conclusion, our study contributes to the literature on
electrolyte balance and vitamin B12 deficiency. It provides
insight into the metabolic effects that should be considered
during long-term use of these medications. Additional large,
prospective investigations are essential to corroborate these
findings and deepen comprehension of their mechanisms.
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Study Limitations

The major limitation identified in this study is that only
patients registered in the Republic of Turkey Ministry of
Health Sinan Sipahi Family Health Center were included.
The retrospective design of the study resulted in certain lim-
itations regarding the data. Additionally, the relatively small
sample size affects the generalizability of the findings and
may limit the ability to accurately represent the distribution
of interactions between drugs, electrolytes, and vitamins in
larger populations.

Conclusion

Metformin and DPP-4 inhibitors influence electrolyte and
mineral balance in T2DM patients, with specific reductions
in sodium and magnesium levels, as well as a significant de-
crease in vitamin B12. These findings highlight the impor-
tance of regular monitoring of these levels during treatment.

These findings highlight the potential impact of metformin
and DPP-4 inhibitors on mineral and electrolyte homeosta-
sis, emphasizing the need for careful monitoring of electro-
lyte levels and vitamin B12 status in patients undergoing
these treatments. Further research is required to investigate
the long-term effects of these medications on mineral bal-
ance and to assess the clinical significance of these changes,
particularly in the context of combined therapy.

This study highlights the need for vigilant monitoring
of electrolyte and mineral balance in patients with T2DM,
particularly those treated with metformin and DPP-4 inhib-
itors. While both therapies effectively control blood glucose
levels, they can lead to significant shifts in electrolyte levels,
including reduced sodium and magnesium and increased
potassium. Moreover, long-term metformin therapy may
contribute to vitamin B12 deficiency, which necessitates
regular assessment and supplementation when appropriate.
These findings underscore the importance of individualized
treatment plans and routine monitoring to ensure optimal
metabolic health in T2DM patients.

Comprehensive studies with larger and prospective cohorts
will be instrumental in clarifying the mechanisms and clin-
ical effects of these electrolyte imbalances. This will help re-
fine treatment protocols and improve patient outcomes in
the management of T2DM.

Acknowledgment
We would like to express our gratitude to the patients and healthy
control subjects who participated in this study.

Author Contributions

The study was designed by Zeynep Gizem Todurga Seven. Sup-
port in providing patient data was given by REA. Zeynep Gizem
Todurga Seven, Kubra Cigdem Pekkoc Uyanik, and Fatma
Kubra Tombulturk analyzed and interpreted the data. The orig-

Turk J Diab Obes 2025; 9(2): 107-115

Todurga Seven ZG et al.

inal draft was written and the manuscript was edited by Zeynep
Gizem Todurga Seven and Kubra Cigdem Pekkoc Uyanik. All
contributing authors approved the final manuscript.

Conflict of Interest
The authors state that there are no potential conflicts of interest.

Financial Support
This study received no financial support.

Ethical Approval

This research adhered to the ethical guidelines outlined in the
Declaration of Helsinki concerning medical studies involving
human subjects. The study protocol was approved by the Ethics
Committee of Hali¢ University (Approval Number: 2024/130).
Written informed consent was obtained from all patients and
healthy individuals. Written permission was secured from every
patient and healthy volunteer before the study.

Peer Review Process
Extremely and externally peer-reviewed.

REFERENCES

1. Onyango EM, Onyango BM. The Rise of Noncommunicable
Diseases in Kenya: An Examination of the Time Trends and
Contribution of the Changes in Diet and Physical Inactivity. ]
Epidemiol Glob Health. 2018;8(1-2):1-7.

2. Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A,
Siddiqi H, Uribe KB, et al. Pathophysiology of Type 2 Diabetes
Mellitus. Int ] Mol Sci. 2020;21(17).

3. Lefebvre PJ, Scheen AJ. Improving the action of insulin. Clin
Invest Med. 1995;18(4):340-7.

4. Feingold KR, Ahmed SF, Anawalt B, Blackman MR, Boyce A,
Chrousos G, Corpas E, de Herder WW, Dhatariya K, Dungan
K, Hofland J, Kalra S, Kaltsas G, Kapoor N, Koch C, Kopp P,
Korbonits M, Kovacs CS, Kuohung W, Laferrére B, Levy M,
McGee EA, McLachlan R, Muzumdar R, Purnell J, Rey R, Sa-
hay R, Shah AS, Singer F, Sperling MA, Stratakis CA, Trence
DL, Wilson DP. Oral and Injectable (Non-Insulin) Pharmaco-
logical Agents for the Treatment of Type 2 Diabetes. Endotext.
South Dartmouth (MA): MDText.com, Inc., 2024;11(9).

5. Baker C, Retzik-Stahr C, Singh V, Plomondon R, Anderson
V, Rasouli N. Should metformin remain the first-line therapy
for treatment of type 2 diabetes? Ther Adv Endocrinol Metab.
2021;12:2042018820980225.

6. Nasri H, Rafieian-Kopaei M. Metformin: Current knowledge.
] Res Med Sci. 2014;19(7):658-64.

7. Godinho R, Mega C, Teixeira-de-Lemos E, Carvalho E,
Teixeira F, Fernandes R, et al. The Place of Dipeptidyl Pep-
tidase-4 Inhibitors in Type 2 Diabetes Therapeutics: A “Me
Too” or “the Special One” Antidiabetic Class? ] Diabetes Res.
2015;2015:806979.

8. Zhang], Li MN, Yang GM, Hou XT, Yang D, Han MM, Zhang
Y, & Liu YF. Effects of water-sodium balance and regulation

of electrolytes associated with antidiabetic drugs. Eur Rev Med
Pharmacol Sci. 2023;27(12):5784-94.



Glucose-lowering Drugs, Electrolytes, and Vitamin B12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Fu EL, Mastrorilli J, Bykov K, Wexler DJ, Cervone A, Lin K],
Patorno E, Paik JM. A population-based cohort defined risk of
hyperkalemia after initiating SGLT-2 inhibitors, GLP1 recep-
tor agonists or DPP-4 inhibitors to patients with chronic kid-
ney disease and type 2 diabetes. Kidney Int. 2024;105(3):618-
28.

Pasupuleti VR, Arigela CS, Gan SH, Salam SKN, Krishnan
KT, Rahman NA, Jeffree MS. A Review on Oxidative Stress,
Diabetic Complications, and the Roles of Honey Polyphenols.
Oxid Med Cell Longev. 2020;2020:8878172.

Dubey P, Thakur V, Chattopadhyay M. Role of Minerals and
Trace Elements in Diabetes and Insulin Resistance. Nutrients.
2020;12(6).

Zhang H, Yan C, Yang Z, Zhang W, Niu Y, Li X, Qin L, Su
Q. Alterations of serum trace elements in patients with type 2
diabetes. ] Trace Elem Med Biol. 2017;40:91-6.

Badran M, Morsy R, Soliman H, Elnimr T. Assessment of trace
elements levels in patients with Type 2 diabetes using multi-
variate statistical analysis. ] Trace Elem Med Biol. 2016;33:114-
9.

Sun W, Yang J, Wang W, Hou J, Cheng Y, Fu Y, Xu Z, Cai L.
The beneficial effects of Zn on Akt-mediated insulin and cell
survival signaling pathways in diabetes. ] Trace Elem Med Biol.
2018;46:117-27.

Tinkov AA, Sinitskii AI, Popova EV, Nemereshina ON, Ga-
tiatulina ER, Skalnaya MG, Skalny AV, Nikonorov AA. Al-
teration of local adipose tissue trace element homeostasis as a
possible mechanism of obesity-related insulin resistance. Med
Hypotheses. 2015;85(3):343-7.

Zhang Q, Sun X, Xiao X, Zheng ], Li M, Yu M, Ping F, Wang
Z, Qi C, Wang T, Wang X. Dietary Chromium Restriction
of Pregnant Mice Changes the Methylation Status of Hepat-
ic Genes Involved with Insulin Signaling in Adult Male Off-
spring. PLoS One. 2017;12(1):e0169889.

Manica D, Sandri G, da Silva GB, Manica A, da Silva Rosa
Bonadiman B, Dos Santos D, Flores EMM, Bolzan RC, Bar-
celos RCS, Tomazoni F, Suthovski G, Bagatini MD, Benvegna
DM. Evaluation of the effects of metformin on antioxidant bi-
omarkers and mineral levels in patients with type II diabetes
mellitus: A cross-sectional study. ] Diabetes Complications.
2023;37(7):108497.

Infante M, Leoni M, Caprio M, Fabbri A. Long-term metform-
in therapy and vitamin B12 deficiency: An association to bear
in mind. World ] Diabetes. 2021;12(7):916-31.

Aseem S RS, Tabassum S, Tabasum S, Fatima S, Begum S.
Comparative Study of Hypovitaminosis B12 Associated with
Metformin in Combination with Sulfonylurea or Dpp-4 In-
hibitors. Indian ] Pharmacy Practice. 2024;17(4):351-7.

Sonne DP, Hemmingsen B. Comment on American Diabe-
tes Association. Standards of Medical Care in Diabetes-2017.
Diabetes Care 2017;40(Suppl. 1):S1-S135. Diabetes Care.
2017;40(7):€92-€3.

Filippatos T, Tzavella E, Rizos C, Elisaf M, Liamis G. Acid-base
and electrolyte disorders associated with the use of antidiabet-
ic drugs. Expert Opin Drug Saf. 2017;16(10):1121-32.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Liamis G, Liberopoulos E, Barkas F, Elisaf M. Diabetes mellitus
and electrolyte disorders. World J Clin Cases. 2014;2(10):488-
96.

Liamis G, Rodenburg EM, Hofman A, Zietse R, Stricker BH,
Hoorn EJ. Electrolyte disorders in community subjects: preva-
lence and risk factors. Am ] Med. 2013;126(3):256-63.

Peters KE, Chubb SA, Davis WA, Davis TM. The relationship
between hypomagnesemia, metformin therapy and cardiovas-
cular disease complicating type 2 diabetes: the Fremantle Dia-
betes Study. PLoS One. 2013;8(9):e74355.

Wilti MK, Zimmermann MB, Spinas GA, Hurrell RF. Low
plasma magnesium in type 2 diabetes. Swiss Med WKkly.
2003;133(19-20):289-92.

Svare A. A patient presenting with symptomatic hypomagne-
semia caused by metformin-induced diarrhoea: a case report.
Cases J. 2009;2:156.

McBain AM, Brown IR, Menzies DG, Campbell IW. Effects of
improved glycaemic control on calcium and magnesium ho-
meostasis in type II diabetes. J Clin Pathol. 1988;41(9):933-5.

Dosa MD, Hangan LT, Crauciuc E, Gales C, Nechifor M. In-
fluence of therapy with metformin on the concentration of
certain divalent cations in patients with non-insulin-depend-
ent diabetes mellitus. Biol Trace Elem Res. 2011;142(1):36-46.

Waanders F, Dullaart RPF, Vos MJ, Hendriks SH, van Goor
H, Bilo HJG, van Dijk PR. Hypomagnesaemia and its determi-
nants in a contemporary primary care cohort of persons with
type 2 diabetes. Endocrine. 2020;67(1):80-6.

Spasovski G, Vanholder R, Allolio B, Annane D, Ball S, Bichet
D, Decaux G, Fenske W, Hoorn EJ, Ichai C, Joannidis M, Sou-
part A, Zietse R, Haller M, van der Veer S, Van Biesen W, Na-
gler E. Clinical practice guideline on diagnosis and treatment
of hyponatraemia. Eur ] Endocrinol. 2014;170(3):G1-47.

Gin H, Lars I, Beauvieux JM, Morlat P, Aubertin J. (Hypon-
atremia induced by biguanides. Case report). Presse Med.
1988;17(12):591.

Hashimoto H, Nomura N, Shoda W, Isobe K, Kikuchi H,
Yamamoto K, Fujimaru T, Ando F, Mori T, Okado T, Rai T,
Uchida S, Sohara E. Metformin increases urinary sodium ex-
cretion by reducing phosphorylation of the sodium-chloride
cotransporter. Metabolism. 2018;85:23-31.

Goia-Nishide K, Coregliano-Ring L, Rangel E B. Hyper-
kalemia in Diabetes Mellitus Setting. Diseases. 2022;10(2).

Fu EL, Wexler DJ, Cromer SJ, Bykov K, Paik JM, Patorno E.
SGLT-2 inhibitors, GLP-1 receptor agonists, and DPP-4 in-
hibitors and risk of hyperkalemia among people with type 2
diabetes in clinical practice: population based cohort study.
Bmj. 2024;385:€078483.

Tammen H, Komhoff M, Deli¢ D, Lund SS, Hocher B, Frank-
enreiter S, Hess R, von Eynatten M, Mark M, Klein T. Lina-
gliptin treatment is associated with altered cobalamin (VitB12)
homeostasis in mice and humans. Sci Rep. 2023;13(1):601.

Turk J Diab Obes 2025; 9(2): 107-115



