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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Hyperglycemia brought on by insulin resistance 

and decreased insulin secretion is a hallmark of type II diabetes 
mellitus (T2DM), a common metabolic disease. By increasing 
the excretion of glucose in the urine, dapagliflozin, an inhibitor 
of the sodium–glucose cotransporter-2 (SGLT2), lowers 
blood glucose levels and may have other systemic effects. 
Aim: The purpose of this study was to assess how dapagliflozin 
affected glycemic control, thyroid function, and serum vitamin 
D₃ levels while looking into potential age and gender effects. 
Methods: Thirty T2DM patients who had previously received 
metformin treatment (18 men and 12 women, ages 31 to 70) were 
enlisted. In addition to metformin, each participant received 10 mg 
of dapagliflozin daily for eight weeks. Using chemiluminescent 
and ELISA assays, serum levels of HbA₁c, triiodothyronine 
(T₃), thyroxine (T₄), thyroid-stimulating hormone (TSH), and 
vitamin D₃ were assessed both before and after treatment. 
Results: Although, changes in T₄, TSH, and vitamin D₃ 
were not statistically significant, dapagliflozin significantly 
decreased HbA₁c and T₃ levels. While HbA₁c showed a near-
borderline difference between sexes (p ≈ 0.10) and vitamin 
D₃ showed a mild age-related trend (p ≈ 0.07), neither 
gender nor age significantly affected any of the parameters. 
Conclusion: Dapagliflozin's main effect appears to be on 
peripheral metabolic regulation rather than endocrine hormone 
synthesis, as evidenced by the fact that it successfully improved 
glycemic control without substantially changing thyroid or 
vitamin D₃ levels. Dapagliflozin's stable therapeutic profile 
is highlighted by the consistent biochemical responses across 
age and gender, which calls for additional research with bigger 
sample sizes and longer follow-up periods.

Key words. Dapagliflozin, diabetes mellitus, metformin, 
thyroid hormones, thyroid stimulating hormones.
Introduction.

Elevation of blood sugar is a deleterious abnormality that 
could happen in the body. If the situation persists, this will lead 
to a state of metabolic disorder called diabetes mellitus (DM). 
According to the sources of such abnormality, which could be a 
decreased insulin activity and/or insulin secretion, this disease 
is subdivided into two types [1]. Type I, which is insulin-
dependent and treated through insulin replacement therapy, 
while type II DM is treated with oral hypoglycemics, as this 
type mostly occurs due to the malfunction of pancreatic beta 
cells and resistance to insulin in peripheral tissues [2].

Type II DM is one of the most common and widely spread 
metabolic disorders in the world, affecting approximately 415 
million adults, which accounts for 9.1% of the population 
[3-4]. DM in general and special type II has many serious 

complications, such as nephropathy, retinopathy, and 
cardiovascular complications. Some of these complications 
could lead to organ damage, impairments in functions, and 
even death [5-6]. Thus, suitable treatment, controlling patients' 
status, and supportive efforts to prevent its complications are the 
primary responsibilities of many researchers and medical teams 
worldwide.

One of the oral hypoglycemic medications that has recently 
been used in the treatment of Type II DM is sodium-glucose 
cotransporters 2 inhibitors (SGLT2). Dapagliflozin is a famous 
agent from this group, which studies showed that it has a very 
interesting way in the reduction of glucose level in the blood 
via inhibition of the reabsorption of filtered glucose in the 
kidney and thus will enhance glucose excretion [7]. Besides the 
glycemic control, a recent study revealed that dapagliflozin and 
other agents from the same group could also have an additional 
beneficial outcome on the cardiovascular and renal system via 
reduction of the rate of mortality, although the exact mechanism 
is still unclear [8]. Moreover, another study demonstrates that 
dapagliflozin and other agents could also have a protective 
effect on the central nervous system via reducing the rate of 
cognitive impairment and improving the cerebral microvascular 
function in diabetic and Alzheimer's patients [9]. All of these 
and more give a suggestion that dapagliflozin and related agents 
could have a protective role for different organs, glands, and 
systems in diabetic and non-diabetic patients, but these need 
more digging to find out where and how with reasonable 
explanations.

The thyroid gland is similar to other glands and organs in 
the body, and its function could deteriorate if any elevation 
or reduction happens to its hormones [10]. First of all, this 
study aimed to check HbA1c in human serum to confirm the 
hypoglycemic role of dapagliflozin. The second target was to 
find out if dapagliflozin could have any modifying effect on 
thyroid function test {triiodothyronine (T3), thyroxine (T4), 
and thyroid-stimulating hormone (TSH)} when used in type II 
DM patients through checking the level of these hormones and 
enzymes before taking dapagliflozin therapy and after taking it 
for 3 months. On the other hand, we have vit D, which contributes 
to determining the state of bone health; therefore, lowering 
the serum level 1,25-dihydroxyvitamin D [1,25(OH)2D] and 
increasing levels of PTH could have a bad impact on the bone 
status [11-12]. As a consequence, vitamin D level was also 
checked before and after treatment to find out if dapagliflozin 
could modulate its level or if there is no connection at all.
Materials and Methods.

Patients: Thirty diabetic patients taking metformin as a 
monotherapy were recruited in this study (18 male and 12 
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female) in the age range of 31-70 years. Diagnosis of diabetes 
was made by one specialist physician. All patients gave written 
informed consent to participate in this study. Patients with the 
following criteria were excluded from the study (patients with 
drug abuse, patients with diseases other than diabetes, patients 
with diabetes who used multiple therapies, and other exclusion 
criteria, including pregnant and lactating women).

Study protocol: This is a prospective observational study 
conducted in Mosul City from October 2024 to April 2025. The 
patients initially were on metformin monotherapy 1000mg/day 
(Glucophage, MERCK®, Germany) for several months, then all 
patients received Dapagliflozin 10mg/day (Divinus, Hikma® 
Jordan) as an add-on therapy, and the combination was used 
together for 8 weeks.

Sampling: Five milliliters of venous blood were withdrawn 
from the patients initially before adding dapagliflozin after 
overnight fasting. The blood sample was divided into two parts; 
one was used for HbA1C measurement, and the other was 
allowed to clot in a plain tube at room temperature, and then the 
serum was separated by centrifugation at 3000 rpm for 10 min 
and kept frozen for bending analysis. This serum was used for 
the determination of HbA1c, T3, T4, TSH, and D3 levels. At 
the end of the study (after 8 weeks), another blood samples were 
taken from the patients (collected and processed in the same 
way), and the assessment of the same parameters (HbA1c, T3, 
T4, TSH, and D3) was done. 
Analytical methods.

T3, T4, TSH and Vitamin D measurement:
The CL-series T3, T4, TSH, and Vitamin D assay is a 

Chemiluminescent immunoassay (CLIA) for the quantitative 
determination of T3, T4, TSH, and Vitamin D in human 
serum or plasma. The kit is supplied by Mindray Bio-Medical 
Electronics Co., Ltd, catalog No. 105-004210-00, 105-004211-
00, 105-004212-00, and VD-T112, respectively. 
HbA1c measurement:

HbA1c ELISA Kit supplied by Antibodies-online is a 
competitive inhibition enzyme immunoassay technique for the 
in vitro quantitative measurement of HbA1c in human serum, 
plasma, and erythrocyte lysates.

Statistical analysis: GraphPad Prism version 8 (GraphPad 
Software, San Diego, CA, USA) was used to analyze the 
data. The mean±SD was used to express the results. Data 
normality was evaluated using the Shapiro-Wilk test. Pre- and 
post-treatment values were compared using paired t-tests (or 
Wilcoxon signed-rank tests for non-parametric data). One-way 
ANOVA and independent t-tests were used to assess the effects 
of age group and gender, respectively. 0.05 ≤ p < 0.10 was 
interpreted as a trend toward significance, and a p < 0.05 was 
deemed statistically significant.
Results.

Effect of Dapagliflozin on HbA1c level: To confirm the 
hypoglycemic effect of Dapagliflozin, we add it as additional 
therapy in a dose of 10mg/day. As expected, Dapagliflozin 
caused a significant reduction in HbA1c (Pre=8.267±0.2149, 
compared to the Post=6.550±1.717) as shown in Figure 1.

Effect of Dapagliflozin (as an additional therapy) on TSH, 
T3, and T4 levels: To test the effect of Dapagliflozin on liver 
function test, we added it as additional therapy in a dose of 
10mg/day. The results showed that there is no significant 
effect on both TSH and T4 levels, while the T3 level reduced 
significantly, as shown in Table 1 and Figure 2.

Effect of Dapagliflozin (as an additional therapy) on 
vitamin D3 level: To test the effect of Dapagliflozin on Vitamin 
D3, we add it as additional therapy in a dose of 10mg/day. The 
results showed that there is no significant reduction in the serum 
level of vitamin D3, as shown in Figure 3.

The effect of Gender and age group on Vitamin D3, thyroid 
function tests, and HbA1C: The complete characteristics of 
the parameters under investigation are shown in Table 2, which 
used an independent t-test (male vs female) to see the Gender 
effect and used One-way ANOVA (4 groups: 30–45, 46–60, 61–
75, 76–90 years) to see the Age effect. Parameter change was 
calculated as (Post – Pre) for each variable, and the significant 
value was> 0.05.
Discussion.

The current study examined how dapagliflozin affected vitamin 
D₃, HbA₁c levels, and thyroid function. The findings showed 
that while dapagliflozin had negligible effects on thyroxine 
(T₄) and thyroid-stimulating hormone (TSH), it significantly 
reduced serum triiodothyronine (T₃) and HbA₁c. Additionally, 
after taking dapagliflozin, there was a non-significant decrease 
in serum vitamin D₃.

This decrease in HbA₁c is consistent with other research 
showing that dapagliflozin inhibits sodium–glucose 

Parameters Before After P-value
TSH 2.67±0.60 2.56±0.35 0.7580
T3⁎ 1.44±0.024 1.27±0.070  0.0223⁎

T4 96.03±9.46 95.60±4.94 0.9304

Table 1. Effect of Dapagliflozin on TSH, T3 and T4 levels.

Figure 1. Representative graph showing the effects of Dapagliflozin 
on HbA1C. There is a significant reduction in HbA1C level. Data were 
pooled from 30 participants (n=30) and presented as mean±SEM 
Statistical significance was determined by paired t-test, ****p<0.0001 
is a significant value.
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Parameter Test Used p-value (Gender) Significant? p-value (Age 
Group) Significant?

D3 (ng/mL) t-test/ ANOVA 0.396 No 0.072 No (trend)
T4 (nmol/L) t-test/ ANOVA 0.795 No 0.409 No
T3 (nmol/L) t-test / ANOVA 0.884 No 0.318 No
TSH (uIU/mL) t-test / ANOVA 0.427 No 0.864 No
HbA1C (%) t-test / ANOVA 0.102 No (borderline) 0.777 No

Table 2. The effect of Gender and Age group on the parameters under investigation.

Figure 2. Representative graph showing the effects of Dapagliflozin on TSH, T3, and T4. There is a significant reduction in T3 level, and there are 
no changes in serum levels of both T4 and TSH. Data were pooled from 30 participants (n=30) and presented as mean±SEM Statistical significance 
was determined by paired t-test, ns (non-significant) p value ≥0.05, while * p<0.01 is a significant value.

Figure 3. Representative graph showing the effects of Dapagliflozin on Vitamin D3. There are no significant changes in the vitamin D3 level. 
Data were pooled from 30 participants (n=30) and presented as mean±SEM Statistical significance was determined by an paired t-test, ns (non-
significant) p value ≥0.05.
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cotransporter-2 (SGLT2) in the proximal renal tubules, thereby 
lowering plasma glucose and glycated hemoglobin [13,14]. 
Regardless of insulin secretion or sensitivity, dapagliflozin 
enhances glycemic control by encouraging urine glucose 
excretion [15]. Depending on baseline glycemia, renal function, 
and treatment duration, reported decreases in HbA₁c usually fall 
between 0.5% and 1.0% [13]. The study's substantial reduction 
in HbA₁c thus validates dapagliflozin's ability to lower blood 
sugar and supports its therapeutic role in enhancing metabolic 
control in diabetic patients.

Dapagliflozin significantly decreased serum T₃ without 
changing T₄ or TSH, according to our findings. This implies 
a selective impact on the metabolism of peripheral thyroid 
hormones as opposed to the regulation of the pituitary-thyroid 
axis. The decrease in T₃ might be due to modifications in 
peripheral deiodinase activity rather than a direct suppression 
of thyroid hormone synthesis, as T₄ and TSH stayed constant. 
There is little information on the connection between thyroid 
hormones and SGLT2 inhibition. According to some studies, 
SGLT2 inhibitors may indirectly regulate thyroid homeostasis 
by enhancing systemic metabolism and oxidative stress [16,17]. 
Although there is conflicting and inconclusive evidence, a brief 
clinical observation indicated changes in thyroid hormone 
profiles following dapagliflozin therapy [18].

This decrease in T₃ may be the result of improved glycemic 
and metabolic status, which lowers the conversion of T₄ → T₃. 
It is well known that insulin resistance and hyperglycemia can 
increase type 1 deiodinase activity, which in turn promotes the 
formation of T₃. Consequently, T₃ synthesis may be decreased 
by glucose normalization after dapagliflozin treatment [19]. 
Mild calorie loss through glycosuria, which simulates a fasting-
like state and physiologically reduces T₃ through decreased 
deiodinase activity, may be another explanation [20]. Crucially, 
unaltered TSH and T₄ show that dapagliflozin does not directly 
affect thyroid or pituitary gland function, which is in line with 
previous experimental results [17].

Moreover, Divergent physiological processes could be the 
cause of the observed decrease in circulating T3 in the absence 
of notable changes in TSH and T4. On the one hand, this 
pattern, which is marked by decreased peripheral T4-to-T3 
conversion and a brief decrease in energy expenditure, may be 
an adaptive reaction to a fasting-like or calorie-restricted state, 
possibly conferring metabolic efficiency. However, low T3 
syndrome, a non-thyroidal illness that has been linked to poor 
metabolic outcomes, also exhibits a similar hormonal profile. 
It is still unclear whether the T3 decrease seen in this study is 
pathological or beneficial in the absence of functional or clinical 
endpoints. These results should therefore be interpreted with 
caution, and more research involving metabolic and clinical 
outcomes is necessary to elucidate their significance [21,22]. 

Following dapagliflozin treatment, there was a non-significant 
decrease in serum vitamin D₃ (25-hydroxyvitamin D). This 
finding partially supports previous research showing that 
SGLT2 inhibitors may change the homeostasis of phosphate and 
parathyroid hormone (PTH) without appreciably altering the 
amount of 25(OH)D in the blood [23,24]. Dapagliflozin raises 
serum phosphate by increasing renal phosphate reabsorption, 

which in turn triggers the release of PTH and fibroblast growth 
factor-23 (FGF23). By decreasing renal 1-α-hydroxylase 
activity, these hormonal changes may have a secondary effect 
on vitamin D metabolism, resulting in slight drops in active 
1,25(OH)₂D levels [23].

In line with the Islek et al. (2024) short-term biomarker 
study, our analysis revealed a declining trend in vitamin D₃, 
but the change did not reach statistical significance. Therefore, 
dapagliflozin seems to have little clinical effect on vitamin 
D₃ concentration during the studied period, even though it 
may have a slight effect on mineral regulatory hormones 
[24]. Besides that, previous study conducted using different 
medication showed that serum 25-hydroxyvitamin D levels 
changed after six weeks of carbamazepine or oxcarbazepine 
treatment. Given the 2-3-week half-life of 25-hydroxyvitamin 
D and the enzyme-inducing characteristics of these antiepileptic 
medications, this relatively short duration is adequate to identify 
changes in vitamin D status. These results support the need for 
early monitoring after treatment initiation by showing that even 
brief exposure can affect vitamin D metabolism [25].

Thus, rather than directly affecting thyroid gland function 
or vitamin D synthesis, these results imply that dapagliflozin 
mainly influences metabolic and peripheral hormonal conversion 
processes. An adaptive metabolic response associated with 
better glycemic control and mild energy loss from glucosuria 
may be the cause of the observed drop in T₃.

To determine whether dapagliflozin has clinically significant 
effects on thyroid hormone metabolism and vitamin D status, 
as well as to clarify the underlying mechanisms linking glucose 
regulation, deiodinase activity, and mineral homeostasis, more 
research with larger cohorts and longer treatment durations is 
necessary.

Regarding the effect of gender and age group on HbA1C, 
although the change in HbA1C approached borderline 
significance (p ≈ 0.10), the analysis of gender and age group 
effects on the biochemical parameters in the current study did 
not reveal any statistically significant differences between 
males and females for any of the measured variables. This 
finding is consistent with other research showing that there 
aren't many gender-related variations in glycemic response 
after taking sodium-glucose cotransporter-2 (SGLT2) inhibitors 
like dapagliflozin [26,27]. The hormonal environment, 
insulin sensitivity, and fat distribution may vary between 
males and females, but these variables don't seem to have a 
significant impact on the glycemic response to dapagliflozin28. 
However, the study's nearly significant change in HbA1c 
may indicate minor physiological differences, perhaps as a 
result of sex-specific differences in body composition or drug 
pharmacokinetics [29].

Regarding the thyroid function test, there were no discernible 
gender-dependent differences in thyroid function metrics (TSH, 
T3, and T4). This aligns with data indicating that dapagliflozin 
primarily affects metabolism by inhibiting renal glucose 
reabsorption instead of directly modifying thyroid hormones 
[30]. Additionally, the hypothalamic-pituitary-thyroid axis 
feedback mechanisms tightly regulate thyroid hormone 
homeostasis, potentially mitigating the small metabolic effects 
of SGLT2 inhibition [31].
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About the effect of age and while the change in serum 
vitamin D3 showed a trend toward significance (p ≈ 0.07), 
the results showed that none of the biochemical parameters 
were significantly impacted by age group. Given that older 
people typically have decreased cutaneous synthesis, altered 
renal hydroxylation, and variations in drug metabolism, this 
pattern may represent age-related physiological variation in 
vitamin D metabolism [32,33]. Additionally, prior studies 
have demonstrated that age has a greater impact on vitamin D 
levels when metabolic disorders or medication are present [34]. 
Therefore, the data may suggest an age-related susceptibility to 
changes in vitamin D metabolism during dapagliflozin therapy, 
even though the trend did not reach statistical significance.

Overall, it appears that dapagliflozin has generally consistent 
biochemical effects on adult patients, as evidenced by the lack 
of significant differences across gender and age groups. The 
sample size was small overall (N = 30), despite exploratory 
subgroup analyses by age and sex. Additional stratification, 
such as grouping people into different age groups, led to 
significantly lower statistical power, which limited these 
analyses' dependability and interpretability. Therefore, it is 
not appropriate to interpret the lack of statistically significant 
differences in subgroup comparisons as proof of equivalency 
or the absence of an effect. Larger, sufficiently powered studies 
are needed to reach firm conclusions, and these analyses should 
be viewed as hypothesis-generating. Accordingly, the near-
significant trends for vitamin D3 (age) and HbA1C (gender) that 
have been found call for more investigation with bigger sample 
sizes because inaddition to what mentioned earlier, they might 
be biological variability rather than chance variation.
Conclusion.

This study assessed the effects of dapagliflozin on vitamin D₃ 
levels, thyroid function, and glycemic control while looking 
into potential age and gender-related variations. Without 
influencing the levels of thyroxine (T₄), thyroid-stimulating 
hormone (TSH), or vitamin D₃, dapagliflozin markedly 
decreased HbA₁c and serum triiodothyronine (T₃). These results 
imply that rather than directly affecting thyroid or vitamin D 
synthesis, dapagliflozin mainly affects peripheral metabolic 
processes like glucose regulation and T₄-to-T₃ conversion. The 
modest, non-significant drop in vitamin D₃ could be the result of 
minor changes in the balance of minerals and hormones. While 
HbA₁c showed a near-borderline difference between sexes and 
vitamin D₃ showed a mild age-related trend, no significant 
gender- or age-related differences were found. Dapagliflozin's 
role in enhancing glycemic control was supported by its overall 
consistent metabolic effects across demographic groups.
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