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ABSTRACT

Aims: This study evaluated the effects of sodium-glucose cotransporter-2 (SGLT2) inhibitor therapy on volume-related
laboratory parameters, blood pressure, and pulse rate in geriatric patients with type 2 diabetes (T2D) mellitus without major
comorbidities.

Methods: This retrospective study included patients aged =65 years with isolated T2D who initiated SGLT2 inhibitor therapy
for the first time. Patients with hypertension, cardiovascular disease, chronic kidney disease, or diuretic use were excluded.
Hematological, renal, biochemical, and electrolyte parameters, together with systolic (SBP) and diastolic blood pressure (DBP)
and pulse rate, were assessed before treatment and after 3 and 6 months. Repeated-measures parametric or non-parametric tests
were used as appropriate.

Results: Among 206 patients, 190 received dapagliflozin and 16 empagliflozin. Body weight, body-mass index (BMI), waist
circumference, and blood pressure decreased significantly (p<0.001). Renal function markers (urea, creatinine, and blood urea
nitrogen [BUN]/creatinine ratio) increased, whereas estimated glomerular filtration rate (¢GFR) decreased. Sodium and albumin
levels increased, while uric acid levels decreased (all p<0.001). Significant reductions were observed in glucose and HbA1lc levels.
Triglycerides (TG) decreased, whereas total cholesterol, high-density lipoprotein (HDL) and low-density lipoprotein (LDL)
cholesterol increased. Hemoglobin, hematocrit, red blood cell (RBC), and platelet counts increased significantly (p<0.001). Most
changes were more pronounced during the first 3 months and then approached a plateau.

Conclusion: SGLT?2 inhibitors improved anthropometric measures, blood pressure, hematological indices, and glycemic control
in geriatric patients without comorbidities. Early changes in volume-related parameters highlight the importance of close
monitoring during treatment initiation while supporting the safe and effective use of SGLT2 inhibitors in this population.
Keywords: Aged, diabetes mellitus; type 2, sodium-glucose transporter 2 inhibitors, water-electrolyte balance, uric acid

INTRODUCTION

Type 2 diabetes (T2D) mellitus is a chronic condition whose
prevalence is steadily increasing in the elderly population
and which is closely associated with morbidity. Age-related
physiological changes, reduced renal reserve, and fragility
in fluid-electrolyte balance in geriatric patients necessitate
particular attention when selecting antidiabetic treatment. In
this patient group, ensuring glycemic control is as clinically
important as the close monitoring of potential treatment-
related side effects and hemodynamic changes."

and changes in certain volume-related laboratory parameters
may be observed.>*

The volume-reducing effects of SGLT2 inhibitors may give
rise to concerns regarding hypotension, dehydration, and
changes in renal function, particularly in elderly patients. The
vast majority of studies in the current literature evaluating the
efficacy and safety of these agents have included patient groups
with additional comorbidities such as hypertension, heart
failure, or chronic kidney disease. This situation results in
limited data on the volume-related effects of SGLT2 inhibitors
in geriatric individuals with a diagnosis of diabetes alone and
no additional systemic disease.>*

Sodium-glucose cotransporter-2 (SGLT2) inhibitors are
antidiabetic agents that improve glycemic control by reducing
the reabsorption of glucose and sodium in the proximal

renal tubule; their clinical use has been increasing in recent
years. These agents may cause a reduction in intravascular
volume via osmotic diuresis and natriuresis; consequently, a
decrease in blood pressure, an increase in hematocrit levels,

The aim of this study is to retrospectively evaluate the effects
of SGLT2 inhibitor therapy on volume-related laboratory
parameters and vital signs, such as blood pressure and heart
rate, in geriatric patients with T2D without comorbidities
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at baseline, 3 months, and 6 months. The aim is to provide a
clearer understanding of the effects of SGLT2 inhibitors on

volume status in an elderly and selected patient group.

METHODS

Ethics

This study was approved by the Non-interventional Researches
Ethics Committee of Kirikkale University (Date: 27.11.2024,
Decision No: 2024.11.20). All procedures were carried out in
accordance with the ethical rules and the principles of the
Declaration of Helsinki.

Patient Selection and Inclusion/Exclusion Criteria

This study was designed as a single-center, retrospective,
observational study. The study was conducted by reviewing
the electronic medical records of patients followed at the
Department of Internal Medicine, Kirikkale University
Faculty of Medicine Hospital, between 2023 and 2024.

Inclusion criteria: Patients aged >65 years who were initiated
on SGLT?2 inhibitor therapy for the first time due to T2D were
included in the study. Complete follow-up data from the pre-
treatment period and through at least the sixth month of SGLT2
inhibitor therapy were required for study inclusion.

Exclusion criteria: Patients with chronic conditions, including
hypertension, coronary artery disease, heart failure, atrial
fibrillation, or chronic kidney disease (estimated glomerular
filtration rate [eGFR] <60 ml/min/1.73 m?), those receiving any
long-term medication other than oral antidiabetic agents, those
treated with insulin, those with an active infection, a history
of hospitalization within the preceding 3 months, or a history
of acute kidney injury or dehydration requiring hospitalization
within the preceding 6 months were excluded. Current smokers,
alcohol users, and patients receiving diuretic therapy were also
excluded. Furthermore, patients who were diagnosed with any
new chronic disease, initiated on any medication other than
oral antidiabetic agents, or experienced an acute infection
during the 6-month follow-up period were excluded from the
final analysis.

A total of 206 patients meeting these criteria were included in
the study. Of these, 190 were receiving dapagliflozin, and 16
were receiving empagliflozin.

Study Design

Demographic data for patients, as well as laboratory and
vital signs data prior to SGLT2 inhibitor treatment and at 3
and 6 months into treatment, were obtained from electronic
patient records. The laboratory parameters examined were as
follows: hemoglobin, hematocrit, blood urea nitrogen (BUN),
creatinine, BUN/creatinine ratio, sodium, potassium, and
uric acid levels. Vital signs assessed included systolic (SBP)
and diastolic blood pressure (DBP) and pulse rate. The vast
majority of SGLT2 inhibitors used were dapagliflozin.

Venous blood samples were collected from the participants
at the time of admission and after an 8-hour fast. Blood
samples collected for serum-based tests were placed in serum
separation tubes, allowed to clot at room temperature for 1
hour, and then centrifuged at 1000xg for 20 minutes. Following
serum separation, biochemical and hormonal parameters
were analyzed immediately using an automated analyzer.
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Samples for complete blood count (CBC) analyses were
collected in EDTA tubes. All blood samples were analyzed at
the Biochemistry Laboratory of Kirikkale University.

In our study, serum levels of 25-hydroxy vitamin D, ferritin,
thyroid-stimulating hormone (TSH), and free thyroxine
(free T4) were measured using the electrochemiluminescence
immunoassay (ECLIA) method on the Cobas 8000 801
analyzer (Roche Diagnostics, Japan, 2019). C-reactive protein
(CRP), fasting plasma glucose (FPG), BUN, creatinine,
sodium, potassium, calcium, phosphorus, albumin, alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
triglycerides (TG), total cholesterol, low-density lipoprotein
(LDL), and high-density lipoprotein (HDL) levels were
measured photometrically using the Cobas 8000 c¢702
analyzer (Roche Diagnostics, Japan, 2018). The CBC was
performed using the BC-6800 Auto Hematology Analyzer
(Mindray, Hong Kong, 2018) based on the SF Cube method
for white blood cells and subtypes, DC impedance for platelet
count, and colorimetric method for hemoglobin. HbAlc was
measured using the high-performance liquid chromatography
(HPLC) method on the Premier Hb9210 device (Trinity
Biotech, USA, 2020).

In the study, the patients’ age (years), height (cm), and body
weight (kg) were measured. Based on these data, the body-
mass index (BMI) (kg/m?) was calculated. BMI was calculated
by dividing the participants' body weight in kilograms by the
square of their height in meters. Additionally, the participants'
waist circumference (cm) was recorded. Waist circumference
measurement was taken while standing upright on a flat
surface, by measuring the circumference at the level of the
midline, just above both anterior superior iliac spines and
aligned with the umbilicus. SBP and DBP measurements,
along with pulse rate, were obtained in the seated position
using a validated automatic device; pulse was recorded as
beats per minute. The data were recorded on patient forms.

Statistical Analysis

All data were analyzed using SPSS version 27.0. The mean and
standard deviation were calculated for numerical variables.
The Shapiro-Wilk test was used to assess whether the data were
normally distributed, and the appropriate statistical method
was determined. For parameters showing changes over time,
repeated measures ANOVA was applied to parametric data,
and the Friedman test was applied to non-parametric data.
When ANOVA or the Friedman test yielded significant results,
Bonferroni-corrected post-hoc tests or Wilcoxon signed-rank
tests were used for pairwise comparisons. A p-value of <0.05
was accepted as the level of statistical significance in all tests.

RESULTS

A total of 206 patients meeting the inclusion criteria and
without any exclusion criteria were included in the analysis.
All patients were aged 265 years, had T2D mellitus, and were
initiated on SGLT?2 inhibitor therapy for the first time. Only
patients with complete follow-up data for at least 6 months
were analyzed.

Before analyzing follow-up outcomes, baseline characteristics
were compared to confirm that male and female patients were
similar at study entry (Table 1). There were no significant
differences between the groups. Although male patients
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Total Male Female P Cohen’s
Parameter (n=206) (n=62) (n=144) value
Age (years) 71.7£34  71.5+3.7 71.7#3.3 0.759 —0.05
Height (cm) 167.1£7.1 168.4t7.3 166.6£6.9 0.094 0.26
PRl e fHorn 102439  99+39  10.3%38 0549  —0.09
(years)

tended to be slightly taller, this difference did not reach
statistical significance and was associated with a small effect
size.

Afterestablishingthe comparability of baseline characteristics,
changes in body weight, BMI, waist circumference, blood
pressure, and pulse were assessed at baseline, 3 months, and 6
months (Table 2).

Baseline

Parameter (0 mo) 3 mo 6 mo value
Body weight (kg) ~ 76.6149.55  76.0749.49  75.68+9.55  <0.001
BMI (kg/m?) 27504319 27284316  27.17+320  <0.001
z’zﬁgt circumference g 061907  67.98+2.07  67.6042.07  <0.001
Systolic BP 108.2749.38  106.1349.38  105.53+9.42  <0.001
(mmHg)

Diastolic BP 70.28+8.53  68.78+8.63 68444832  <0.001
(mmHg)

Pulse (bpm) 71024402  71.08+419  70.98+423  0.110

Body weight, body-mass index (BMI), and waist circumference
changed significantly over time. Repeated measures ANOVA
demonstrated a significant time effect for body weight (F(2,
410)=411.30, p<0.001, partial ’=0.667), BMI (F(2, 410)=461.68,
p<0.001, partial n*=0.693), and waist circumference (F(2,
410)=44,315.03, p<0.001, partial ’=0.995).

SBP decreased significantly over time (Repeated Measures
ANOVA: F(2, 410)=4157.24, p<0.001, n>=0.953). Pairwise
comparisons revealed significant differences between the
0* and 3* months, the 3* and 6" months, and the 0 and
6" months. These results demonstrate that SBP showed a
continuous and statistically significant decline over the
follow-up period.

Similarly, DBP also decreased significantly over time. A
repeated measures ANOVA showed a statistically significant
difference between the three time points (F(2, 410)=1664.25,
p<0.001, n>=0.890). Pairwise comparisons revealed that all
pairwise comparisons (0 vs 3 months, 3 vs 6 months, and 0 vs
6 months) were statistically significant.

Pairwise comparisons of baseline, 3-month, and 6-month
measurements were performed using Bonferroni correction

and are detailed in Table 3.

Groups were compared in terms of hematological parameters
(white blood cell count, red blood cell (RBC) count,
hematocrit, hemoglobin, platelet count, and neutrophil
count), biochemical parameters (urea, creatinine, eGFR,
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sodium, potassium, calcium, phosphorus, albumin, and uric
acid), glycemic parameters (FPG and hemoglobin Alc), liver
enzymes (ALT and AST), and lipid profiles (total cholesterol,
LDL, HDL and TGs). Statistically significant differences
between the time points were observed in urea, creatinine,
BUN/creatinine ratio, eGFR, sodium, albumin, uric acid,
FPG, hemoglobin Alc, TGs, HDL, total cholesterol, LDL,
platelet count, hemoglobin, RBC, and hematocrit (p<0.05 for
all). These results are summarized in Table 4.

Urea, serum creatinine, BUN/creatinine ratio, and sodium
levels showed significant changes over time. Whilst urea
levels increased significantly, repeated measures ANOVA
revealed a significant time effect for urea (F(2, 410)=421.70,
p<0.001, partial n*=0.673). Serum creatinine levels also
increased significantly over time, and ANOVA revealed a
significant time effect for creatinine (F(2, 410)=8,371.54,
p<0.001, partial n°=0.976). Analyses of the BUN/creatinine
ratio also revealed a significant time effect using repeated
measures ANOVA, with increases observed in all pairwise
comparisons (F(2, 410)=156.94, p<0.001, partial n°=0.434).
eGFR values, however, decreased significantly over time,
with ANOVA results revealing a pronounced time effect
for eGFR (F(2, 410)=5849.826, p<0.001, partial n>=0.966).
It was observed that the most pronounced decline in eGFR
levels occurred during the first 3 months, the rate of decline
slowed significantly between the 3* and 6" months, and this
suggested that the treatment effect had reached a plateau
during this period. Regarding sodium levels, the Friedman
test revealed significant changes (x*(2)=111.614, p<0.001),
and post-hoc Wilcoxon signed-rank tests showed significant
increases in all comparisons: 0-3 months, 3-6 months, and
0-6 months.

Serum albumin and uric acid levels showed significant changes
over time. Albumin levels showed a statistically significant
increase; the Friedman test revealed a significant time effect
on albumin (x*(2)=390.965, p<0.001), and post-hoc analyses
demonstrated significant increases in all comparisons: 0-3
months, 3-6 months, and 0-6 months. Uric acid levels,
however, decreased significantly over time; the Friedman test
revealed a significant time effect on uric acid (x*(2)=383.665,
p<0.001), and post-hoc analyses detected significant decreases
in all comparisons: 0-3 months, 3—-6 months, and 0-6 months.

Glucose and HbA1lc levels decreased significantly over time.
The non-parametric Friedman test detected a significant
time effect for glucose (x*(2)=298.670, p<0.001), and post-
hoc Wilcoxon tests showed significant decreases in all
comparisons: 0-3 months, 3-6 months, and 0-6 months. A
significant time effect was also found for HbAlc using the
Friedman test (x*(2)=412.000, p<0.001), and post-hoc analyses
revealed significant reductions in all pairwise comparisons. It
was observed that the most pronounced decrease in HbAlc
and fasting glucose levels occurred in the first 3 months, the
rate of decrease slowed significantly between the 3* and 6™
months, and the data suggested that the treatment effect had
reached a plateau during this period.

TG, HDL, total cholesterol, and LDL levels showed significant
changes over time. TG levels showed a significant time effect
in repeated-measures ANOVA (F(2, 410)=2471.298, p<0.001,
partial n*=0.960), and post-hoc tests revealed significant
decreasesinall comparisonsbetween 0-3 months, 3-6 months,
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0vs 3 mo 3 vs 6 mo 0 vs 6 mo

Parameter

Mean Diff 95% CI p-value Mean Diff 95% CI p-value Mean Diff 95% CI p-value
Body weight (kg) -0.544 -0.628--0.460  <0.001 -0.383 -0.465--0.302 <0.001 -0.927 -0.996--0.859 <0.001
BMI (kg/m?) -0.219 -0.248--0.190 <0.001 -0.118 -0.145--0.091 <0.001 -0.337 -0.362--0.311 <0.001
Waist circumference (cm) -1.074 -1.088--1.060  <0.001 -0.380 -0.387--0.373 <0.001 -1.454 -1.469--1.440 <0.001
Systolic BP (mmHg) -2.141 -2.199--2.082 <0.001 -0.597 -0.680--0.514 <0.001 -2.738 -2.822--2.653 <0.001
Diastolic BP (mmHg) -1.505 -1.589--1.421 <0.001 -0.340 -0.420--0.260 <0.001 -1.845 -1.927--1.762 <0.001
Urea (mg/dl) 3.971 3.447-4.494 <0.001 1.150 1.039-1.262 <0.001 5.121 4.563-5.680 <0.001
Serum creatinine (mg/dl) 0.039 0.038-0.039 <0.001 0.018 0.017-0.019 <0.001 0.057 0.056-0.058 <0.001
BUN/creatinine ratio 1.722 1.371-2.073 <0.001 0.275 0.207-0.342 <0.001 1.997 1.632-2.361 <0.001
eGFR -2.636 -2.717--2.555 <0.001 -0.733 -0.808--0.658 <0.001 -3.369 -3.450--3.288 <0.001
Sodium (mEq/L)* 0.505 - <0.001 0.393 - <0.001 0.898 - <0.001
Albumin (g/dl)* 0.100 - <0.001 0.100 - <0.001 0.200 - <0.001
Uric acid (mg/dl)* -0.500 - <0.001 -0.100 - <0.001 -0.600 - <0.001
Fasting plasma glucose (mg/ ) ;3 - <0001  -2.610 - <0.001  -22.830 - <0.001
Hemoglobin Alc (%)* -0.600 - <0.001 -0.200 - <0.001 -0.800 - <0.001
Triglycerides (mg/dl) -2.796 -2.897--2.695  <0.001 -1.340 -1.491--1.188 <0.001 -4.136 -4.361--3.911 <0.001
HDL (mg/dl) 1.155 1.062-1.249 <0.001 0.670 0.591-0.749 <0.001 1.825 1.724-1.926 <0.001
Total cholesterol (mg/dl)* 2.000 - <0.001 1.000 - <0.001 3.000 - <0.001
LDL (mg/dl)* 0.600 - <0.001 0.800 - <0.001 1.400 - <0.001
Platelet (10°/pL)* 20.750 = <0.001 7.250 = <0.001 28.000 - <0.001
Hemoglobin (g/dl) 0.753 0.722-0.784 <0.001 0.180 0.147-0.212 <0.001 0.933 0.889-0.976 <0.001
RBC (10°/uL)* 0.077 - <0.001 0.025 - <0.001 0.102 - <0.001
Hematocrit (%) 2.182 2.091-2.273 <0.001 0.526 0.428-0.624 <0.001 2.708 2.577-2.840 <0.001

and 0-6 months, with the decline being more pronounced in
the 0-3 month period and slower in the 3-6 month period,
suggesting a partial plateau trend in TG levels. HDL levels
showed a significant time effect in repeated measures ANOVA
(F(2, 410)=950.126, p<0.001, partial n*=0.903), and post-hoc
tests revealed significant increases in all comparisons; it was
observed that the increase was more pronounced during
the 0-3 month period and slower during the 3-6 month
period and that a partial plateau trend had formed in HDL
levels. Total cholesterol and LDL levels showed a significant
time effect according to the Friedman test (total cholesterol:
x*(2)=401.080, p<0.001; LDL: x*(2)=369.592, p<0.001), and
post-hoc Wilcoxon tests revealed significant increases in all
comparisons; the increases were more pronounced during the
0-3-month period and progressed more slowly in subsequent
periods, and a partial plateau trend was observed in both total
cholesterol and LDL levels.

Platelet counts, hemoglobin, RBC and hematocrit levels
showed a significant increase over time. A significant time
effect was detected in platelet and RBC levels using the
Friedman test (platelets: x*(2)=412.000, p<0.001; RBC:
X*(2)=405.813, p<0.001), and post-hoc Wilcoxon tests revealed
significant increases in all comparisons between 0-3 months,
3-6 months and 0-6 months. Hemoglobin and hematocrit
levels, however, showed a significant time effect when
analyzed using repeated measures ANOVA (hemoglobin: F(2,
410)=2199.486, p<0.001, partial n°~0.916; hematocrit: F(2,
410)=2052.185, p<0.001, partial n*~0.914), and post-hoc tests
revealed significant increases in all comparisons. No clear
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plateau trend was observed in the hemogram parameters. All
these findings are summarized in Table 3 and Table 4

Values showing significant changes over time were identified
among the laboratory and clinical parameters monitored.
These findings demonstrate the effects of SGLT2 inhibitor use
in the study on biochemical and hematological parameters
and will be evaluated in the subsequent discussion section in
the light of the literature.

DISCUSSION

In the present study, SGLT2 inhibitor therapy in geriatric
patients was associated with significant reductions in body
weight, BMI, and waist circumference (all p<0.001). These
changes were most pronounced during the first 3 months of
treatment and tended to plateau by the sixth month. Similarly,
both SBP and DBP decreased significantly (both p<0.001),
whereas no significant change was observed in heart rate
(p=0.110). Consistent with our findings, Lee etal.” reported that
SGLT2 inhibitors produced modest but clinically meaningful
reductions in body weight, BMI, and blood pressure in
geriatric individuals, with effects comparable to those
observed in younger adult populations. Likewise, Kanbay et
al.® demonstrated clinically significant improvements in these
parameters among older adults receiving SGLT2 inhibitor
therapy. Thiele et al.” also reported similar findings and
suggested that the observed reductions in body weight and
BMI were primarily attributable to volume depletion and
the mild diuretic effect of SGLT2 inhibitors. In agreement
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Parameter Baseline (0 mo)
Urea (mg/dl) 24.30+6.07
Serum creatinine (mg/dl) 0.67+0.09
BUN/creatinine ratio 17.00+4.14
eGFR 78.05+5.13
Sodium (mEq/L)* 141 (139-142)
Potassium (mEq/L) 4.63+0.40
Calcium (mg/dl)* 9.60 (9.35-9.85)
Phosphorus (mg/dl)* 3.70 (0.63)
Albumin (g/dl)* 4.60 (0.50)
Uric acid (mg/dl)* 5.60 (1.40)
Fasting plasma glucose (mg/dl)* 147.55 (14.35)
Hemoglobin Alc (%)* 7.50 (0.50)
CRP (mg/dl)* 1.30 (0.60)
ALT (U/L)* 21.00 (14.00)
AST (U/L)* 17.00 (8.00)
Total cholesterol (mg/dl)* 194 (27)
LDL (mg/dl)* 134 (32.95)
HDL (mg/dl) 44.99+8.07
Triglycerides (mg/dl) 85.79£6.97
White blood cells (x10°/pL) 7.27+1.09
RBC (10%/uL)* 4.48 (0.39)
Hematocrit (%) 38.76+2.37
Hemoglobin (g/dl) 13.38+0.76
Platelet (10%/uL)* 223.50 (44.75)
Neutrophil (10°/uL)* 4.12 (1.95)

with the existing literature, our findings indicate that SGLT2
inhibitors induce early and significant improvements in both
metabolic and hemodynamic parameters in the geriatric
population. When interpreted together with the changes
observed in other study parameters, these effects appear to
be largely related to volume contraction. Collectively, these
findings suggest that the benefits of SGLT2 inhibitors in older
adults extend beyond glycemic control and include favorable
metabolic and hemodynamic effects. Therefore, careful
monitoring of volume status and cardiovascular parameters
is warranted during the initiation of SGLT2 inhibitor therapy
in geriatric patients.

In the present study, serum urea and creatinine levels
increased significantly, whereas eGFR decreased significantly
following the initiation of SGLT2 inhibitor therapy (all
p<0.001). An et al.’ reported that the effect of SGLT2
inhibitors on eGFR may vary among individuals; however,
the initial decline observed within the first few weeks was
followed by stabilization of eGFR over the subsequent months.
Similarly, Bay et al." demonstrated an early increase in serum
urea and creatinine levels accompanied by a decline in eGFR,
with these changes stabilizing during follow-up. Groothof
et al.”? likewise reported comparable findings, showing that
renal function stabilized over the following months, after
which the renoprotective effects of SGLT2 inhibitors became
more evident. Furthermore, a meta-analysis by Liu et al.”?
emphasized that initiation of SGLT2 inhibitor therapy in
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3 mo 6 mo p value
28.27+6.76 29.42+6.83 <0.001
0.71+0.10 0.73+0.10 <0.001
18.72+4.50 19.00+4.45 <0.001
75.41+5.20 74.68+5.18 <0.001
141 (140-142) 142 (140-143) <0.001
4.63+0.40 4.63+£0.41 0.958
9.60 (9.25-9.95) 9.50 (8.90-10.20) 0.646
3.70 (0.60) 3.70 (0.60) 0.083
4.70 (0.40) 4.80 (0.40) <0.001
5.10 (1.30) 5.00 (1.32) <0.001
127.33 (11.79) 124.72 (14.48) <0.001
6.90 (0.50) 6.70 (0.50) <0.001
1.30 (0.60) 1.30 (0.73) 0.989
21.00 (14.00) 21.00 (14.00) 0.461
17.00 (8.00) 17.00 (8.00) 0.702
196 (29) 197 (28) <0.001
134.6 (33.65) 135.4 (33.20) <0.001
46.14+8.27 46.81£8.31 <0.001
82.99+6.82 81.66+6.45 <0.001
7.27+1.10 7.27+1.11 0.856
4.54 (0.36) 4.56 (0.35) <0.001
40.94+2.41 41.46£2.59 <0.001
14.14+0.76 14.32+0.78 <0.001
244.25 (43.88) 251.50 (44.50) <0.001
4.15 (2.07) 4.13 (2.02) 0.102

geriatric patients may be associated with a rapid decline in
eGFR during the first few months of treatment. Consistent
with the existing literature, our findings demonstrated that
the early increases in serum urea and creatinine levels and
the decline in eGFR gradually plateaued by the sixth month
of therapy. These observations are likely attributable to the
effects of SGLT2 inhibitors on renal hemodynamics and,
consequently, intravascular volume status. This finding
highlights the importance of close monitoring for potential
renal and hemodynamic complications following the
initiation of SGLT2 inhibitor therapy, particularly in geriatric
patients with reduced renal reserve.

In the present study, FPG and glycated hemoglobin (HbA1lc)
levels decreased significantly at all follow-up time points,
with the most pronounced reductions occurring during
the first 3 months of treatment (both p<0.001). Lee et al.”
similarly demonstrated that geriatric patients initiated
on SGLT2 inhibitor therapy experienced marked early
reductions in HbAlc and FPG, with these effects stabilizing
during subsequent follow-up. Consistent with these findings,
Armentaro et al."* reported that both glycemic parameters
reached a plateau at approximately 6 months after treatment
initiation. Fukuda et al."”” investigated age-related changes in
insulin secretory capacity and the renal glucose threshold in
olderadultsand suggested that SGLT2 inhibitor therapy maybe
associated with more pronounced, and occasionally variable,
glycemic responses during the early phase of treatment in




Intercont J Int Med. 2026;4(4):76-83

SGLT?2 inhibitors on volume-related laboratory and metabolic parameters

geriatric patients. In agreement with the existing literature,
our study demonstrated a rapid early decline in both FPG and
HbAIc levels, followed by a plateau during subsequent follow-
up. This pattern is likely attributable to the rapid glucose-
lowering effect of SGLT2 inhibitors through enhanced urinary
glucose excretion, whereas the subsequent plateau may reflect
the establishment of a new steady state resulting from their
sustained metabolic and renal hemodynamic effects.

In the present study, serum TG levels decreased significantly,
whereas HDL, LDL, and total cholesterol levels increased
significantly following SGLT?2 inhibitor therapy (all p<0.001).
The changes in TG and HDL levels were most pronounced
during the first 3 months of treatment, followed by a slower
rate of change and a partial plateau between months 3 and
6. In a large meta-analysis, Bechmann et al.'® reported that
the effects of SGLT2 inhibitors on lipid profiles were largely
independent of age and were characterized by increases in
total cholesterol, LDL cholesterol, and HDL cholesterol,
accompanied by a reduction in TG levels. In contrast,
Kusunoki et al.,”” who specifically evaluated geriatric patients
receiving SGLT?2 inhibitors, observed a significant increase
only in HDL cholesterol, whereas no significant changes were
detected in the other lipid parameters. Conversely, Sahiner et
al."® reported significant reductions across all lipid parameters
in a cohort of older adults treated with SGLT2 inhibitors.
The inconsistent findings reported in the literature may be
explained by differences in study design, including sample
size, age distribution of the study population, treatment
duration, the specific SGLT2 inhibitor used, and variations in
concomitant antidiabetic and lipid-lowering therapies. Our
findings further suggest that the effects of SGLT2 inhibitors
on lipid metabolism in geriatric patients are dynamic and
may exhibit substantial interindividual variability. These
observations underscore the importance of considering
geriatric patient characteristics, treatment duration, and
methodological standardization when evaluating the lipid-
modifying effects of SGLT2 inhibitors in older adults.

In the present study, serum albumin levels increased
significantly following SGLT2 inhibitor therapy (p<0.001).
Edwards et al.® similarly reported a significant increase in
serum albumin levels among geriatric patients receiving
SGLT2 inhibitors. Likewise, Scheen et al."” observed increased
serum albumin concentrations in a study evaluating older
adults treated with SGLT2 inhibitors. In a meta-analysis,
Sridharan et al.** demonstrated that SGLT2 inhibitor
therapy was associated with a reduction in albuminuria and
suggested that the concomitant increase in serum albumin
levels was attributable to both reduced urinary albumin
loss and hemoconcentration resulting from plasma volume
contraction. Consistent with the existing literature, the
increase in serum albumin observed in our study is likely
attributable to the plasma volume-reducing effects of SGLT2
inhibitors. This effect may be particularly pronounced in
geriatric patients with limited fluid reserves, highlighting the
need for careful assessment of volume status during treatment
in this vulnerable population.

In the present study, serum uric acid levels decreased
significantly following SGLT2 inhibitor therapy (p<0.001). In
a cohort study, Habeeb et al.* reported a significant reduction
in serum uric acid levels among patients treated with SGLT2
inhibitors. Similarly, Kochanowska et al.”* demonstrated a
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significantdeclinein serum uricacid concentrationsin patients
receiving SGLT2 inhibitors and suggested that the underlying
mechanism was an increase in the tubular secretion of uric
acid. Furthermore, a meta-analysis by Yang et al,*® which
included more than 50 clinical studies, confirmed that SGLT2
inhibitor therapy is consistently associated with reduced
serum uric acid levels. Our findings are consistent with the
existing literature, demonstrating a significant reduction in
serum uric acid levels following SGLT2 inhibitor treatment.
Previous studies have further suggested that lower serum
uric acid concentrations may be associated with a reduced
risk of hypertension and cardiovascular disease, emphasizing
the potential clinical relevance of this effect in the geriatric
population.?>?

In the present study, serum sodium levels increased
significantly following SGLT2 inhibitor therapy (p<0.001).
Tang et al.** similarly reported an increase in serum sodium
concentrations associated with SGLT2 inhibitor use. In
contrast, Amani-Beni et al.”® observed an increase in serum
sodium levels among patients receiving SGLT2 inhibitors;
however, the magnitude of this change did not reach statistical
significance. Likewise, Cheng et al.** found no significant
changes in serum sodium levels following SGLT2 inhibitor
therapy, although they emphasized that sodium homeostasis
may be more variable in geriatric patients. Although serum
sodium levels increased significantly in our cohort, all
values remained within the normal physiological range. The
discrepancy between our findings and those reported in
previous studies may be attributable to differences in patient
characteristics, particularly the inclusion of a very elderly
population in our study, who may be more susceptible to
volume imbalance and the hemodynamic effects of SGLT2
inhibitor therapy.

In the present study, significant increases in hemoglobin,
RBC count, hematocrit, and platelet levels were observed
over time (all p<0.001). In the literature, a large-scale meta-
analysis by Kanbay et al.,® including patients regardless
of age, demonstrated that SGLT2 inhibitor therapy was
associated with significant increases in hemoglobin and
hematocrit levels. Similarly, Thiele et al. reported significant
elevations in hemoglobin and hematocrit concentrations
among patients receiving SGLT2 inhibitors. A meta-analysis
conducted by Tian et al.*” also confirmed significant increases
in hemoglobin and hematocrit levels in patients treated with
SGLT?2 inhibitors. Furthermore, a study by Kambara et al.?®
focusing specifically on geriatric patients demonstrated a
significant association between SGLT2 inhibitor use and
increased hemoglobin and hematocrit levels. Consistent with
previous studies, our findings suggest that the hematological
effects of SGLT2 inhibitors may not be explained solely by
diuretic-induced volume contraction and hemoconcentration.
In addition to these mechanisms, direct stimulation of
erythropoiesis may also contribute to the observed increases
in hemoglobin, RBC count, and hematocrit levels.

In this study, SGLT2 inhibitor therapy was associated with
significant biochemical, hematological, and metabolic changes
in a cohort of 206 geriatric patients. The major strengths of
this study are its relatively large sample size and its exclusive
focus on the geriatric population. Significant increases were
observed in serum urea and creatinine levels, accompanied by
a significant decline in eGFR. In addition, FPG and glycated
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hemoglobin (HbAlc) levels decreased markedly, TG levels
declined, HDL cholesterol increased, and LDL as well as
total cholesterol levels increased. Significant elevations were
also observed in hemoglobin, RBC count, hematocrit, and
platelet count. Notably, changes in eGFR, FPG, HbAlc, TGs,
HDL cholesterol, total cholesterol, and LDL cholesterol were
most pronounced during the first 3 months of treatment,
after which the rate of change slowed, demonstrating a partial
plateau between months 3 and 6. Although the clinical effects
of SGLT?2 inhibitors have been extensively investigated across
various patient populations, studies specifically focusing
on geriatric patients remain limited. Our findings provide
a comprehensive characterization of the biochemical and
clinical effects of SGLT2 inhibitors in older adults and
contribute to the growing body of evidence supporting the
importance of close metabolic, hematological, and renal
monitoring during the early phase of treatment in this
vulnerable population.

The most notable strengths of the study are its focus on
the geriatric population and its large sample size; this has
enabled a detailed assessment of the clinical, biochemical,
and hematological effects of SGLT2 inhibitors in elderly
individuals. Furthermore, the comprehensive measurement
of parameters and the 6-month follow-up period represent a
significant distinction from similar single-center, short-term
studies in the literature.

Limitations

The study has certain limitations. The failure to directly
measure volume and cardiovascular parameters limits a
more comprehensive assessment of clinical effects in the
geriatric population. The retrospective design, coupled with
limitations in data collection and record-keeping, may result
in some parameters being missing or non-standardized. No
patients were excluded specifically because of unforeseen
electrolyte imbalances or clinical conditions requiring
treatment modification; however, such events may have
influenced treatment continuity and follow-up in routine
clinical practice and therefore cannot be completely excluded
as potential sources of bias. In addition, there was a notable
imbalance between the dapagliflozin and empagliflozin
subgroups, with 190 and 16 patients, respectively. Therefore,
drug-specific differences could not be adequately assessed,
particularly because of the small number of patients in the
empagliflozin subgroup. Furthermore, as the follow-up
period is limited to just 6 months, it is not possible to establish
the long-term efficacy and safety profile of SGLT?2 inhibitors.

CONCLUSION

This study is one of the few to comprehensively demonstrate
the effects of SGLT2 inhibitors on biochemical, hematological,
metabolic, and hemodynamic parameters in the geriatric
population. The findings indicate both significant changes
in the early stages and a plateau effect in certain parameters,
particularly regarding renal function, glycemic control,
lipid profile, hematological parameters, and volume-related
parameters. These results emphasize the need for careful
monitoring and personalized follow-up when using SGLT2
inhibitors in geriatric patients. In clinical practice, these
findings support closer monitoring during theinitial treatment
period, with dose titration and ongoing treatment decisions
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individualized according to renal function, glycemic status,
volume-related parameters, and overall clinical condition.
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