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Abstract

Background/Objectives: Type 2 diabetes mellitus (T2DM) and menopause are associated
with low levels of vitamin D (25[OH]D). Primary trials reported the effects of cholecalcif-
erol supplementation on glycemia and T2DM incidence with conflicting results. This
uncontrolled longitudinal prospective study aimed to evaluate changes in metabolic
and cardiovascular parameters in postmenopausal women with T2DM during sequential
cholecalciferol supplementation. Methods: Thirty-four postmenopausal women (mean
of 63.8 ± 7.5 years) with T2DM received 1000 IU/day of cholecalciferol for 12 months,
followed by 2000 IU/day for another 12 months. Fasting blood tests, anthropometric assess-
ments, and physical examinations were performed at baseline, 12 months, and 24 months
after the intervention. The levels of 25(OH)D, fasting glycemia, glycated hemoglobin,
fasting insulin, homeostasis model assessment (HOMA) of insulin resistance, HOMA of
β-cell function (HOMA-β), total cholesterol, high-density lipoprotein cholesterol (HDL-
c), triglycerides, and C-reactive protein were evaluated. Systolic blood pressure (SBP),
diastolic blood pressure, waist circumference (WC), waist-to-hip ratio, and body mass
index were also assessed. Results: Serum 25(OH)D and HDL-c levels increased over time
during the follow-up period. Lower WC and SBP values were observed across follow-up
assessments. Although fasting blood glucose values showed a median of 120 mg/dL at
baseline and 110 mg/dL after cholecalciferol supplementation, and HOMA-β values were
approximately 35% higher at the end of follow-up, these differences were not statistically
significant (p = 0.059 and p = 0.158, respectively). Conclusions: The long-term 25(OH)D
dosing regimen had modest beneficial effects on glucose homeostasis, lipid profiles, and
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blood pressure in postmenopausal women with T2DM. This study contributes to the search
for an optimal daily 25(OH)D dose in postmenopausal women with diabetes.

Keywords: cholecalciferol; climacteric; women’s health; 25-hydroxyvitamin D

1. Introduction
Vitamin D deficiency, assessed by serum 25-hydroxyvitamin D [25(OH)D], and type 2

diabetes mellitus (T2DM) are global public health concerns. They commonly occur in the
elderly population and have implications for the development of complications related
to bone mineral metabolism [1–3]. Menopause, or menstrual cycle arrest caused by the
reduced secretion of estrogen and progesterone, is defined as the absence of continuous
cycles within 1 year [4]. Estrogen increases the activity of 1-α-hydroxylase (expressed in the
kidneys), which is responsible for the activation of 25(OH)D and upregulation of vitamin
D receptor (VDR) [5]. Female aging and the subsequent decline in estrogen levels are
associated with declining 25(OH)D levels [6], which is a steroidal hormone known for its
essential role in maintaining calcium homeostasis, promoting and maintaining bone health,
and improving immune function. Previous recommendations from the Endocrine Society
suggested cholecalciferol supplementation for fall prevention, recommending daily intakes
of 600 IU/day for adults aged 50–70 years and 800 IU/day for adults older than 70 years [7].
However, the updated 2024 Endocrine Society guideline no longer recommends vitamin D
supplementation beyond the Dietary Reference Intake (DRI) values for healthy adults aged
50–74 years. Nevertheless, supplementation is still suggested for adults older than 75 years
because of its potential benefits on health outcomes and mortality reduction [8].

Epidemiological observations have associated low levels of 25(OH)D with an increased
risk of nonmusculoskeletal diseases, such as type 1 diabetes mellitus (T1DM), T2DM, and
cardiovascular disease (CVD) [9–11]. The potential extraskeletal function of 25(OH)D
has been suggested, including the expression of VDR in many non-skeletal cells (e.g.,
β-pancreatic cells) [6,12]. Additional evidence strongly suggests that 25(OH)D status plays
a role in modifying the risk for T2DM. This influence seems to be primarily mediated by
25(OH)D, affecting β-cell function, insulin sensitivity, and systemic inflammation [13,14].
Previous longitudinal and cross-sectional observational studies reported an association
between 25(OH)D status and the risk of T2DM or glycemia among patients with established
T2DM [11–14]. Recent studies have associated low serum 25(OH)D levels with worsening
clinical outcomes in patients with type 2 diabetes mellitus, including poorer glycemic
control, increased insulin resistance, and a higher risk of metabolic syndrome [15,16].

Insulin resistance has recently been associated with vitamin D status in post-
menopausal women of Caucasian descent with T2DM [17]. However, existing evidence
regarding the beneficial effects of cholecalciferol supplementation as a method of improv-
ing glucose homeostasis or insulin resistance in patients with diabetes, impaired glucose
tolerance, or normal fasting glucose is insufficient [18,19] and needs to be further investi-
gated [17].

The current study investigated whether cholecalciferol supplementation in post-
menopausal women with T2DM, which is already clinically indicated for fall prevention,
has beneficial effects on the metabolic control of T2DM, lipid profile, and blood pressure.
The question of whether the doses of 25(OH)D prescribed for fall prevention in the elderly
population (600 and 800 IU/day of 25[OH]D for 50–70 and 70 years, respectively) are
sufficient to provide all other potential non-skeletal benefits of 25(OH)D, such as glycemic
homeostasis, lipid metabolism, and cardiovascular health, remains unknown. In addition,
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increasing the blood 25(OH)D levels to sufficient levels (>30 ng/mL) may require at least
1500–2000 IU/day of supplementation [7]. Therefore, this study aimed to evaluate the
effects of progressive cholecalciferol supplementation over a two-year period on glucose
homeostasis, lipid metabolism, and blood pressure in postmenopausal women with T2DM.

2. Materials and Methods
2.1. Patients and Study Design

This uncontrolled prospective longitudinal study involved a database sample of
postmenopausal women clinically diagnosed with T2DM who habitually attended an
ambulatory endocrinology clinic. Thirty-four women in the postmenopausal period (with
a follicle-stimulating hormone level of ≥40 mIU/mL, hypoestrogenism, and amenorrhea
for at least 1 year after the last menstrual period) [18], those who were diagnosed with
T2DM (a two-time fasting glucose level of ≥126 mg/dL after an 8 h fasting period, a
blood glucose level of ≥200 mg/dL 2 h after an oral glucose tolerance test, or signs and
symptoms of hyperglycemia with a blood glucose level of ≥200 mg/dL at any time of
the day) [20], and those who already had a clinical indication of cholecalciferol supple-
mentation were included in the analysis. Women diagnosed with cancer, renal failure,
hyperparathyroidism, hypercalcemia, nephrolithiasis, liver disease, or granulomatous dis-
eases; those who received pharmacological treatment that could affect glycemic and lipid
metabolism, 25(OH)D metabolism, or 25(OH)D absorption (such as insulin, phenytoin,
rifampicin, isoniazid, glucocorticoid, and ketoconazole); or those who received antiretro-
viral medication for HIV, anticonvulsants, or nutritional supplements containing calcium
or 25(OH)D were excluded. Due to the lack of consensus on the definition of an optimal
25(OH)D status [7,21–24] and the limited number of studies yielding results that can be
generalizable to clinical practice, the plasma level of 25(OH)D at baseline was not included
in the inclusion or exclusion criteria. All participants read and signed an informed consent
form prior to the study enrollment. The study was approved by the local research ethics
committee (CAAE36698514.1.0000.5269) and conducted in accordance with the Declaration
of Helsinki.

2.2. Intervention, Follow-Up, and Measurements

After selection and baseline measurements, eligible participants received 1000 IU/day
of cholecalciferol for 12 months and 2000 IU/day for another 12 months. The doses were se-
lected based on the available literature [7,25,26], which recommends a dose of 1000 IU/day
for patients with adequate 25(OH)D levels (≥30 ng/mL) as a 25(OH)D maintenance regi-
men and a dose of 2000 IU/day for patients with insufficient or deficient 25(OH)D levels,
depending on ethnicity. Moreover, these doses are safe [7] and higher than those estab-
lished in the consensus for the prevention of falls in postmenopausal women, which were
600–800 IU/day (as indicated by the main medical societies of osteoporosis monitoring [27].
The patients remained on the same diet, which had been prescribed previously for the
management of diabetes at the outpatient clinic, and additional nutritional supplementa-
tion was not permitted. Treatment adherence was assessed through biweekly telephone
inquiries and conducting pill counts during consultations (percentage of pills taken to the
number of pills that should have been taken). The volunteers underwent fasting blood
tests, anthropometric evaluation of body composition, and clinical examinations every
three or six months and received a new quantity of tablets.

The outcomes were measured at the following time points: pretreatment (P0),
12 months after treatment initiation (P12), and 24 (P24) months after treatment initiation.
Serum levels of 25(OH)D, fasting glycemia (FG), glycated hemoglobin (HbA1c), fasting
insulin (I), insulin resistance measured by the homeostasis model assessment (HOMA-IR)
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and insulin secretory capacity (HOMA-β), total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-c), triglycerides (TGs), and C-reactive protein (CRP) were evaluated.
Systolic blood pressure (SBP), diastolic blood pressure (DBP), waist circumference (WC),
hip circumference (HC), waist-to-hip ratio (WHR), and body mass index (BMI) were
also assessed.

2.3. Anthropometric Data and Blood Pressure

Height was measured using a stadiometer (Stadiometer 208 Bodymeter; Seca GmbH,
Hamburg, Germany), while WC and HC were measured using an anthropometric tape. WC
was measured at half of the mean distance between the iliac crest and lower costal margin.
Body mass was measured using a digital scale InBody 720 (Biospace, Seoul, Republic of
Korea). BMI was measured as body mass (kg) divided by height squared (m2). Prior to
these measurements, the participants were asked to (1) wear comfortable clothing, (2) fast
for 12 h prior to the test, and (3) refrain from performing any physical activity 24 h before
the test.

BP was measured using an automatic device (Durashock DS44-BR; Welch Allyn,
Skaneateles Falls, NY, USA) on the right arm in a seated position after resting for 5 min.
Hypertension was defined as a systolic pressure of ≥140 mmHg, a diastolic pressure of
≥90 mmHg, or a previously known history of hypertension and antihypertensive medica-
tion use.

2.4. Biochemical Analysis

Biochemical analysis of venous blood samples was performed in the morning after a
12 h overnight fast; the analysis included FG by enzymatic colorimetric method, HbA1c by
high-resolution liquid chromatography, 25(OH)D and fasting insulin by chemiluminescent
assay, CRP by nephelometry, and TC, HDL-c, and TG by esterase/oxidase assay (all kits
purchased from Wiener Laboratories). Homeostatic model assessment (HOMA) was used
to determine insulin resistance (HOMA-IR, Equation (1)) and β-cell function based on
insulin secretory capacity (HOMA-β Equation (2)), as follows [4]:

HOMA-IR = (fasting insulin (µU/mL) × fasting glucose (mmol/L)/22.5 (1)

HOMA-β = (20 × fasting insulin (µU/mL))/(fasting glucose (mmol/L) − 3.5 (2)

2.5. Statistical Analysis

All data were presented as the medians and percentiles (25% and 75%, respectively).
The Shapiro–Wilk (SW) test was used to verify the normality of distribution. For normally
distributed data, the effect of time on each variable was evaluated using repeated-measures
analysis of variance. A post hoc Bonferroni test was adopted for multiple comparisons
between time points. For non-normally distributed data, Friedman’s nonparametric test
was used to verify the possible differences over time, while a pairwise Wilcoxon post
hoc test was adopted for the analysis of multiple comparisons between the time points.
The correlations between serum 25(OH)D levels and serum biochemical indicators of
glucose and lipid metabolism were analyzed using Pearson’s (normally distributed data)
or Spearman’s (non-normally distributed data) correlation analyses. An alpha value of
<0.05 was considered significant. SPSS 25.0 (IBM Corp., Armonk, NY, USA) software was
used for performing all statistical analyses.

Given the longitudinal design of this study, a post hoc sensitivity analysis was per-
formed using G*Power (version 3.1, Heinrich-Heine-Universität, Düsseldorf, Germany).
Assuming a repeated-measures ANOVA with three time points (baseline, 12 months, and
24 months), a total sample size of N = 34, and an alpha level of 0.05, the study achieved a sta-
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tistical power of 0.89 to detect moderate within-subject effects (Cohen’s f = 0.25). However,
given the absence of a placebo-controlled design and the uniform increase in supplementa-
tion dose after 12 months across all participants, the study might not have had sufficient
statistical power to detect moderate differences between time points in some outcomes.

3. Results
3.1. Sample Characteristics

In total, 128 women met the inclusion criteria. The volunteers underwent prescreening
via phone contact. Fifty women were excluded due to the following reasons: calcium
and cholecalciferol supplementation (n = 27), use of insulin (n = 15), glucose intolerance
(n = 4), glucocorticoid use (n = 3), and anticonvulsant use (n = 1). Additionally, 11 women
declined to participate due to the difficulties in moving from home to the clinic, 21 could
not be reached owing to the outdated contact registration on the records, and 2 died at the
time of contact. Therefore, only 44 participants fulfilled the eligibility criteria (Figure 1),
underwent baseline measurements, and received cholecalciferol at 1000 IU/day. Four
participants who developed Zika or Chikungunya infection were excluded. Six participants
did not undergo complete follow-up. Hence, only 34 participants completed the 24-month
follow-up (received cholecalciferol 1000 IU/day for 12 months and 2000 IU/day for another
12 months). They were postmenopausal women clinically diagnosed with T2DM with a
mean age of 63.84 ± 7.56 years. Most of them were using glibenclamide and/or metformin
to treat diabetes. The treatment adherence rate was 100%.

Figure 1. Diagram of the participant selection process.

No adverse effects attributable to cholecalciferol supplementation were observed
throughout the study period, including hypercalcemia, hypercalciuria, or nephrolithiasis.

3.2. Effect of Vitamin D Supplementation on Glycemic and Lipid Homeostasis, Anthropometric
Measurements, and Blood Pressure

Descriptive measures of the variables are presented in Table 1. Differences were
observed between 25(OH)D (p < 0.001) and HDL-C levels (P0 vs. P12, p = 0.008; P0 vs. P24,
p < 0.001; P12 vs. P24 = p < 0.001), with an increase in their serum levels after cholecalciferol
supplementation over time (Figure 2A,B). Fasting blood glucose values showed a median
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of 120 mg/dL at baseline to 110 mg/dL at follow-up, while HOMA-β were 35% higher
over time after cholecalciferol supplementation. These differences were not significant.

Table 1. Variables at baseline and after 12 and 24 months of cholecalciferol supplementation.

P0
(Baseline)

P12
(1000 IU/Day)

P24
(2000 IU/Day)

Variables Descriptive Statistics Descriptive Statistics Descriptive Statistics

25(OH)D (ng/dL) 27.15 (22.30–34.00) * # 37.75 (32.45–43.47) # 42.7 (36.92–49.55)
Fasting glycemia (mg/dL) 120.00 (102.00–144.50) 121.5 (97.00–149.50) 110.00 (95.25–137.00)
Fasting insulin (µU/mL) 8.45 (6.85–11.55) 8.80 (7.20–10.40) 9.75 (7.50–11.80)

HOMA-IR 2.64 (1.70–3.92) 2.37 (2.01–3.00) 2.66 (1.83–3.42)
HOMA-β (%) 51.75 (39.97–71.80) 55.15 (29.42–85.57) 69.55 (44.60–104.55)

HbA1c (%) 6.30 (5.90–6.97) 6.30 (5.90–6.90) 6.50 (5.9–7.10)
C-reactive protein (mg/dL) 0.26 (0.15–0.73) 0.26 (0.12–0.49) 0.31 (0.16–0.66)
Total cholesterol (mg/dL) 171.00 (152.75–213.25) 170.00 (148.00–210.00) 182.50 (165.50–218.00)
HDL cholesterol (mg/dL) 46.00 (28.00–68.00) * # 51.00 (30.00–75.00) # 56.00 (30.00–87.00)

Triglycerides (mg/dL) 140.00 (114.25–191.50) 127.00 (102.00–165.00) 127.50 (96.50–147.00)
Waist circumference (cm) 94.20 (85.50–99.20) * # 87.00 (82.25–93.95) 86.70 (80.80–93.75)
Hip circumference (cm) 100.50 (96.55–108.47) 102.20 (95.85–110.00) 100.35 (92.87–109.75)

Waist-to-hip ratio 0.90 (0.86–1.01) 0.87 (0.81–0.92) 0.87 (0.84–0.96)
Body mass index (kg/m2) 28.22 (25.93–30.87) 28.57 (26.22–31.47) 27.64 (25.31–31.44)

Systolic blood pressure (mmHg) 130.00 (120.00–150.00) # 120.00 (120.00–140.00) 120.000 (110.00–120.00)
Diastolic blood pressure (mmHg) 80.00 (70.00–92.50) 80.00 (70.00–80.00) 80.00 (70.00–80.00)

* Statistically different compared with that at P12 (12 months after study initiation); # Statistically different
compared with that at P24 (24 months after study initiation).

Figure 2. Changes in serum 25(OH)D, HDL-c, waist circumference, and systolic blood pressure over
time. Only the statistically significant variables presented in Table 1 are graphically represented.
Results are expressed as the median, interquartile range (25% and 75%), and minimum and maximum
values. (A) Vitamin D: P0 vs. P12, p < 0.001; P0 vs. P24, p < 0.001; P12 vs. P24, p = 0.001; (B) HDL: P0
vs. P12, p = 0.008; P0 vs. P24, p < 0.001; P12 vs. P24, p < 0.001. (C) Waist circumference: P0 vs. P12,
p = 0.001; P0 vs. P24, p = 0.045. (D) Systolic blood pressure: P0 vs. P12, p = 0.052; P0 vs. P24, p = 0.011;
P12 vs. P24, p = 0.196. * Statistically different compared with P12 (12 months after study initiation);
# Statistically different compared with that at P24 (24 months after study initiation).
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WC and SBP were significantly lower after 24 months of supplementation (Table 1 and
Figure 2C,D).

A significant inversely proportional correlation was observed between 25(OH)D levels
and insulin and HOMA-β values at 12 months after supplementation with cholecalciferol
at a dose of 1000 IU/day: lower serum insulin (Pearson’s coefficient r = −0.491, p = 0.003)
(Figure 3a) and HOMA-β (Spearman’s coefficient ρ = −0.399, p = 0.0192) values indicated
higher levels of 25(OH)D (Figure 3b).
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Figure 3. Correlations between serum 25(OH)D levels and markers of insulin metabolism. (a) Corre-
lation between serum 25(OH)D levels and fasting insulin. (b) Correlation between serum 25(OH)D
levels and HOMA-β.

4. Discussion
This clinical study evaluated the influence of cholecalciferol supplementation for two

years on glucose homeostasis, lipid metabolism, and BP in postmenopausal women with
T2DM who received cholecalciferol supplementation as a prophylaxis to reduce the risk of
falls and prevent or treat osteoporosis. Serum 25(OH)D and HDL-C levels progressively
increased after 1 and 2 years of cholecalciferol supplementation, while WC and SBP de-
creased after 1 year. Moreover, fasting serum insulin and HOMA-β values were inversely
correlated with the levels of 25(OH)D at 12 months after cholecalciferol supplementation.

25(OH)D may aid with glucose metabolism by improving low-grade inflammation,
observed in patients with insulin resistance due to T2DM, or by stimulating insulin release
from the β-pancreatic cells [14,19]. Peripheral 25(OH)D metabolites may increase insulin
sensitivity by upregulating VDR expression, through the transcription of essential factors
of glycemic homeostasis, or by regulating calcium, which is essential for insulin-mediated
intracellular processes. However, small clinical trials and post hoc analyses of large trials
investigating the effects of cholecalciferol supplementation with or without calcium on
glycemic homeostasis have reported inconsistent results [19,28].

Although weak, results from randomized clinical trials suggest a serum 25(OH)D
concentration of >30 ng/mL may be required for its non-skeletal effects [29]. In this study,
postmenopausal women with T2DM receiving 1000 IU/day for 12 months, followed by
2000 IU/day for another 12 months, had increased levels of 25(OH)D, the majority of whom
showed a 25(OH)D serum concentration of >30 ng/mL. However, no statistical differences
were observed in the set of variables used to evaluate glycemic homeostasis (fasting glucose,
HbA1c, fasting insulin, HOMA-IR, and HOMA-β) following the elevation of 25(OH)D
concentration. Although fasting blood glucose values showed a decrease from 120 mg/dL
to 110 mg/dL and HOMA-β values were approximately 35% higher after cholecalciferol
supplementation, these changes were not statistically significant. Importantly, due to the
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absence of a control group and the nature of the study design, it is not possible to attribute
these changes strictly to the supplementation.

Nilas and Christiansen [30] evaluated the effects of 2000 IU/d of 25(OH)D treatment
for 2 years in 25 postmenopausal women for the prevention or treatment of bone mass
loss on body mass and glucose levels, and reported the variables assessed remained
unchanged compared with those in the placebo group (n = 150). In contrast, a randomized
controlled study of postmenopausal women with T2DM receiving weekly vitamin D3
supplementation (at doses equivalent to 942 IU/day) showed improved isometric handgrip
strength. However, no effects were observed for mean fasting glucose and HbA1c serum
levels [31].

A meta-analysis of 39 clinical trials demonstrated that vitamin D supplementation, at
doses ranging from 400 to 11200 IU/day and over periods from 8 weeks to 30 months, may
significantly reduce fasting glucose, HbA1c, HOMA-IR, and insulin levels in patients with
T2DM, with greater effects observed in short-term interventions, at higher doses, and in
individuals with vitamin D deficiency [32] (Chen et al., 2024). A systematic review showed
25(OH)D administration can improve glycemic control, by lowering the HbA1c, fasting
plasma glucose, and HOMA-IR values in patients with T2DM. Notably, only randomized
control trials that reported the effects of cholecalciferol supplementation on glycemic
measures in participants age ≥18 years were reviewed. In addition, a minimum dose of
4.000 IU/day is recommended to improve glycemic measures [33]. The differences between
these studies and the results shown in the present study are likely due to the variations in
participant characteristics, such as age, stages of T2DM, menopausal status, and doses of
25(OH)D. Thus, the dose and duration of cholecalciferol supplementation in the present
study might have been insufficient to show significant changes in insulin sensitivity and
HbA1c levels. Importantly, a relatively lower supplementation dose was used in the present
study compared with doses reported to be effective for these glycemic outcomes. Although
the levels of 25(OH)D significantly increased during the treatment period, it could still be
suboptimal for achieving beneficial effects on glucose homeostasis. Whether a higher daily
dose of 25(OH)D or a longer period of supplementation has beneficial effects on glycemic
control in postmenopausal women with T2DM still needs to be elucidated.

Swart et al. [34] evaluated the effects of cholecalciferol supplementation on glu-
cometabolic and cardiovascular markers and revealed that this intervention had no effects
on HbA1c and BP levels. The results of a recent meta-analysis of cohort studies and ran-
domized controlled trials indicated cholecalciferol supplementation did not significantly
reduce the SBP or DBP in the general population [35]. Considering postmenopausal women
with T2DM, weekly supplementation of vitamin D3 in doses equivalent to 942 IU/day
had no significant changes in BP, although SBP increased significantly in the control group
(from 136.6 ± 18.6 to 141.4 ± 17.6 mmHg, p = 0.04) [30]. In contrast, the present study
showed lower SBP values after 24 months of 25(OH)D intervention in postmenopausal
women with T2DM, while DBP remained unchanged.

Previous studies demonstrated the association between low concentrations of 25(OH)D
and elevated risk of CVD-related death [10]. Supplementation with 25(OH)D improved
the endothelial function in diabetic and non-diabetic populations [36,37]. However, these
studies have little available data on the long-term vascular impact of this intervention,
the required doses, and whether higher doses would improve the surrogate markers of
CVD [38], such as CRP levels and intima–media thickness. Previous randomized clinical
trials reporting cardiovascular outcomes had inconclusive or negative evidence of the causal
relationship between the effects of cholecalciferol supplementation and cardiovascular
incidence and risk factors [39–41]. In the present study, in postmenopausal women with
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diabetes, the use of CRP as a risk factor for CVD did not show significant differences after
cholecalciferol supplementation.

The present study observed that supplementation with 1000 and 2000 IU/day of
25(OH)D, administered over 1 year, was accompanied by changes in HDL-c concentration
and by a progressive reduction in WC. The association between low 25(OH)D levels and
HDL-C concentrations was reported in several studies. A longitudinal study demonstrated
a strong and positive association between serum levels of 25(OH)D and HDL-c, although
the cause of this association remains unknown [42]. WC is an essential component for
detecting insulin resistance [43]. Insulin resistance is a critical factor in the development of
T2DM, CVD, and metabolic syndrome [44]. An elevated proportion of abdominal adiposity
is a major risk factor for coronary heart disease and T2DM [45]. WC can be the best
anthropometric measure of abdominal adiposity [46]. Therefore, the effect of progressively
reducing WC by cholecalciferol supplementation in postmenopausal women with T2DM
may play a role in reducing insulin resistance and coronary heart disease risk.

The limitations of this study included the nature and size of the sample, thus limiting
its generalizability. In addition, the study did not include a placebo or control group, and
the administered doses were not provided in a crossover design. In addition, it was not
possible to ensure that the use of antidiabetic medications remained unchanged throughout
the study, which may have significantly influenced the observed results. The strengths of
the present study were its prospective nature; the inclusion of postmenopausal women
with T2DM; the long duration of 25(OH)D intervention and evaluation (two years); the
exclusion of patients receiving pharmacological treatment that could affect glycemic and
lipid metabolism, 25(OH)D metabolism, or its absorption; and the exclusion of external
confounding elements that could alter the serum levels of the targeted biomolecules. The
study also benefited from the mean 25(OH)D concentration achieved in the 25(OH)D group
(approximately 42 ng/mL), objective assessment of endpoints, high retention rates, and
medication compliance.

The findings of the present study contribute to the identification of the recommended
daily dose of 25(OH)D in postmenopausal women with T2DM. The study will also serve as a
guide in the conduct of larger and longer trials to assess whether cholecalciferol supplemen-
tation with higher daily safe doses than those used in the present study (4000 IU/day) is an
effective intervention to improve glycemic control in postmenopausal women with T2DM.

5. Conclusions
The administration of 25(OH)D at 1000 IU/day for 12 months, followed by 2000 IU/day

for another 12 months, was accompanied by changes in HDL-c concentration, WC, and SBP,
but not with statistically significant changes in fasting glycemia or increases in HOMA-β in
postmenopausal women with T2DM. Therefore, the long-term 25(OH)D dosing regimen
adopted in a postmenopausal T2DM population may have a modest effect on glucose
homeostasis, lipid profiles, and blood pressure. However, studies including a placebo
group or using a crossover design are needed to provide more robust conclusions.
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