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Dose—-response effects of vitamin
D supplementation on vitamin D
status, glycosylated hemoglobin
and total cholesterol in patients
with diabetes mellitus: a
systematic review and
meta-analysis

Lu Cao, Nan Zhou, Dan Zhang, Peng Zhang and Ying Zhao*

Department of Pharmacy, Shaanxi Provincial People’s Hospital, Xi'an, China

The impact of vitamin D levels on glycemic control and lipid metabolism in diabetic
patients has received widespread attention. However, currently, there was no
unified standard for vitamin D supplementation dosages, with significant variations
among guideline recommendations. For instance, the 2022 ESPEN Guidelines
recommended a daily supplementation of 1,500-5,000 International Units (IU)
for patients at risk of vitamin D deficiency or who repeatedly experience vitamin
D deficiency; however, guidelines from lItaly suggested a daily supplement dose
of 800-1,000 IU for patients with vitamin D deficiency. In this study, we searched
the PubMed, Web of Science, Embase, Cochrane Library, CBM, CNKI, and Wanfang
databases from their inception to 31 May 2024 for literature. The effects of different
supplementation levels on vitamin D levels, glycosylated hemoglobin (HbAlc)
levels and total cholesterol (TC) levels were analyzed using random-effects and
fixed-effects models, respectively, and we applied the Modified Jadad Scale and the
Newcastle-Ottawa Scale (NOS) score to evaluate the quality of the RCT studies and
retrospective analyses, respectively. We included a total of seven papers involving
468 patients with a follow-up period of 3 to 6 months. The results of the study
showed that vitamin D levels were significantly higher in the high-dose group
than in the low-dose group at both 3 and 6 months of treatment [mean difference
(MD) = —12.48, 95% confidence interval (Cl): —=15.25 to —9.72 and MD = -28.22,
95% CI (-40.92, —15.72), both p < 0.05], and the effect of prolonged treatment
was more significant. HbAlc levels were significantly lower in the high-dose group
than in the low-dose group [MD = 041, 95% CI (0.14, 0.67), p = 0.003], and TC
levels were not significantly different between the two groups [MD = 1.84, 95% ClI
(-=8.07, 0.67), p = 0.72]. Therefore, in patients with diabetes mellitus complicated
by vitamin D deficiency, higher-dose supplementation (>4,000 IU/day) might have
had potential advantages in increasing vitamin D levels and improving glycemic
control. However, further studies were still needed to clarify the long-term safety
and risk—benefit ratio of higher-dose supplementation.
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1 Introduction

Vitamin D, as an essential nutrient for the human body, has a clear
role in calcium and phosphorus balance, affecting bone health and
neuromuscular function (1). The detection of serum 25-hydroxy
vitamin D (25(OH)D) levels is widely recognized as the most
reasonable indicator to reflect vitamin D status (2). With the
deepening of research, its physiological functions has gone far beyond
the traditional cognition. A study in 1988 first found that vitamin D
receptors and vitamin D enzyme systems existed in most cells of the
human body and could induce the transcription of hundreds of genes
(3). A large number of subsequent studies further confirmed that
serum 25(OH)D levels were closely related to the occurrence and
development of various non-skeletal diseases. In the field of metabolic
diseases, the association between vitamin D and diabetes mellitus is
particularly significant (4). A meta-analysis by Mohammadi et al. (5)
showed that vitamin D levels were negatively correlated with the risk
of type 2 diabetes mellitus (T2DM) and pre-diabetes in adults, and
each 10 ng/mL increase in serum 25(OH)D levels reduced the risk of
T2DM by 12%. Further studies in recent years confirmed that vitamin
D could not only reduce the incidence of diabetes mellitus in patients
with impaired glucose tolerance, but also delay the progression of
macrovascular and microvascular complications of diabetes (6).

Vitamin D deficiency is highly prevalent globally, affecting 60 to
80% of the population. This condition is associated with factors such
as country of residence, race, ethnicity, and dietary habit (7). The
situation is even more severe among diabetic patients, with up to
94.4% of them being vitamin D deficient, which is significantly higher
than in the general population (8). Epidemiological studies have
shown that low vitamin D levels are closely linked to insulin resistance,
which is often accompanied by f-cell destruction and impaired
glucose tolerance (9). In recent years, multiple studies have
demonstrated associations between vitamin D levels and the
development of diabetes mellitus, as well as the occurrence and
progression of diabetic complications (5, 6, 10, 11). Data from the
Third National Health and Nutrition Survey (2001-2014) showed that,
among adult patients with diabetes mellitus, higher levels of vitamin
D were associated with lower rates of cardiovascular and all-cause
mortality (12).

However, different intakes and supplementation levels were
recommended by different organizations. For example, the
Guidelines for the Prevention and Treatment of Vitamin D Deficiency
(2023 update in Polish) recommended vitamin D supplements
ranging from 1,000 IU/d to 10,000 IU/d for patients with vitamin D
deficiency (vitamin D level<20 ng/mL) (13). The 2022 ESPEN
Guidelines for Micronutrients recommended that for patients at risk
of or with recurrent vitamin D deficiency, the supplementation
dosage should be 1,500-5,000 IU/d (10). The 2022 Italian Guidelines
on the Definition, Diagnosis and Management of Vitamin D
Deficiency recommended a daily supplementation of 800-1,000 IU
for patients with vitamin D deficiency (14). The 2023 Expert
Consensus on the Evaluation and Improvement of Vitamin D
Nutritional Status, published by the Health Management Branch of
the Chinese Society of Nutrition, recommended 400-800 IU/d for
the prevention of vitamin D deficiency, and a daily intake of 2000 IU
for patients with vitamin D deficiency (15). Additionally, both the
Endocrine Society and the Chinese Society of Osteoporosis and Bone
Mineral Research recommended 1,500-2,000 IU/d for high-risk
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adult patients with vitamin D deficiency; for adults with vitamin D
deficiency, they recommended administration of vitamin D3
supplements at a dose of 6,000 IU/d or 50,000 IU/week for 8 weeks
to achieve vitamin D levels above 30 ng/mL, followed by maintenance
therapy with 1,500-2,0001U/d (2, 16). In
recommended dosage of vitamin D for patients with vitamin D
deficiency was 400 IU/d to 10,000 IU/d.

We sorted out the evidence on which these guidelines

summary, the

recommendations were based and found that the clinical trial results
on which most guidelines were based all came from healthy
populations (2, 16-18). For example, the evidence on which the
ESPEN guidelines were based came from healthy volunteers; its study
showed that to make the average vitamin D levels of the normal
weight, overweight and obese subgroups reach 40 ng/mL, 2,080 IU/d,
3,065 IU/d and 5,473 IU/d needed to be supplemented, respectively
(19). But only the basis of the Polish guidelines included data from the
diabetic population. The results of this study showed that among the
population with serum 25(OH)D levels <20 ng/mL in the prediabetic
stage, participants who supplemented 4,000 IU/d of vitamin D3,
which made their serum 25(OH)D levels reach and maintain above
40 ng/mL, could gradually reduce the risk of prediabetic adults
progressing to diabetes mellitus (20). Therefore, the supplementary
dosages recommended by the existing guidelines could not well guide
the population with diabetes mellitus complicated with vitamin
D deficiency.

A double-blind, randomized, placebo-controlled clinical trial
conducted by Niroomand et al. (21) showed that after 6 months of
high-dose vitamin D supplementation (50,000 IU per week for the
first 3 months and 50,000 IU per month for the next 3 months) in
patients with prediabetes and vitamin D deficiency, their vitamin D
levels increased significantly (36 ng/mL in the intervention group vs.
16 ng/mL in the control group, p < 0.001), and the Homeostatic Model
Assessment of Insulin Resistance (HOMA-IR) score was significantly
lower than that in the placebo group (2.6 vs. 3.1, p =0.04). The
proportion of patients progressing to diabetes mellitus in the
intervention group was significantly lower than that in the control
group (3% vs. 28%, p =0.002). Ali et al. (22) compared oral
supplementation of vitamin D at 4,000 IU/d and 50,000 IU/week in
patients with T2DM. After 3 months, vitamin D levels in both groups
increased significantly, with decreases in HbA1c levels, fasting insulin,
and improvement in insulin resistance, but there was no significant
difference between the two groups. Then, could a smaller dose meet
the treatment needs? Does high dosage increase the risk of vitamin D
overdose? The most frequent cause of vitamin D overdosing was
exogenous, that is, excessive intakes. Due to the prolonged half-life of
25(OH)D, hypercalcemic-hypercalciuric syndrome might persist for
weeks to months after treatment cessation, leading to significant
morbidity and, in severe cases, extensive and irreversible soft tissue
damage from mineral deposition. Vitamin D excess includes
hypercalcemia, hypercalciuria, and mineral deposition in soft tissues
(23). The safe upper limit of vitamin D supplements in normal-weight
adults was recommended to be 4,000 IU/d (13, 15). Exploring an
appropriate supplementary dosage to balance effectiveness and safety
was an urgent problem to be solved.

Therefore, the objective of this study was to conduct a systematic
review and meta-analysis of published randomized controlled trials
(RCTs) and retrospective studies to compare the effects of low-dose
(<4,000 IU/d) versus high-dose (>4,000 IU/d) vitamin D3 on vitamin
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D levels, HbAlc, total cholesterol (TC) levels, and adverse events in
adult patients with diabetes mellitus.
2 Materials and methods
2.1 Inclusion criteria
(1) Study population: Participants were >18 years old, diagnosed

with  diabetes
supplementation therapy;

mellitus, and receiving vitamin D3

(2) Interventions/control measures: Administration of different
doses of vitamin D3, with the low-dose group defined as
<4,000 IU/d and the high-dose group as >4,000 IU/d. The
route of administration and treatment duration were
not restricted;

(3) Outcome measures: Primary outcomes included serum
25(OH)D levels, HbAlc levels, and serum TC levels; and

(4) Study design: Eligible studies were published randomized
controlled trials (RCTs) or retrospective studies.

2.2 Exclusion criteria

(1) Vitamin D has no biological activity, and need to
be hydroxylated in two steps by the liver and kidney to form
1,25-dihydroxyl vitamin D (1,25(OH),D), that is, active vitamin
D, to have biological activity and function. Active vitamin D does
not require metabolism by the liver or kidneys, and can directly
exert physiological functions. Therefore, the function of vitamin
D was affected by liver and kidney function, but active vitamin D
was not affected by this. Vitamin D had a slow onset in the body,
along action time, a fast action of active vitamin D, a short action
time, and a high risk of hypercalcemia of active vitamin D (2). In
order to reduce the impact of confounding factors, this study
focused on vitamin D3 supplementation and excluded articles
grouped as active vitamin D; (2) even in overweight or obese
adults, the upper limit of vitamin D3 intake recommended by the
guidelines is 10,000 IU/d (13), so we excluded articles with group
doses above 10,000 IU/d; (3) outcome metrics that were not
elucidated in relation to the dose ranges defined in this article; (4)
outcome metrics that were not included in the study; (5)
repetitively published literature; (6) literature based solely on case
reports; (7) literature not written in Chinese or English; and (8)
literature for which the full text could not be obtained, even after
contacting the authors.

2.3 Literature search strategy

Computerized searches were conducted in the following
databases: PubMed, Web of Science, Embase, the Cochrane Library,
the China Biomedical Literature Database (CBM), the China National
Knowledge Infrastructure (CNKI) and Wanfang. The search period
covered the time from the date of database construction to May 2024.
The English search terms were as follows: (“diabetes mellitus” OR
“diet, diabetic” OR “prediabetic state” OR “glucose intolerance” OR
“diabetes”) AND (“vitamin D” OR “receptors, calcitriol”) AND
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(“dosage” OR “dose”). The Chinese search terms were as follows:
diabetes, vitamin D3, dose. A combination of subject and free word
searches was used, adapted for each specific database. The references
of the included studies were also searched to obtain additional
relevant information.

Articles retrieved through the search strategy were first
deduplicated using EndNote X9. Subsequently, two researchers
(LC and YZ) independently conducted screening and evaluation,
which included assessing the titles, abstracts, main texts, and
supplementary materials. Research data were extracted from the
main texts. When there were differences of opinion between the
two researchers, a third reviewer was involved to evaluate the
relevance of the disputed articles and their compliance with the
inclusion and exclusion criteria. We calculated the level of
agreement between the researchers’ opinions using Cohen’s
Kappa statistic.

2.4 Data screening and extraction

Two researchers independently reviewed the literature and
extracted information, and then cross-checked the results. If there is
a disagreement between the two parties, they will first conduct
negotiations. The two researchers will conduct full discussions on the
points of disagreement, check the original literature information, and
clarify the basis for their respective judgments. If an agreement is
reached through discussion, the final data extraction will be carried
out. If there is still a disagreement after the initial negotiation, a third
researcher who did not participate in the initial review (the researcher
should have professional background in the relevant field and
be unaware of the judgments of the first two researchers) needs to
be invited. The third researcher will independently review the
controversial literature and provide the final judgment and reasons.
The three researchers will discuss the third party’s review opinions
together, recheck the points of disagreement with reference to the
original literature information, and finally determine the extracted
data based on the majority opinion. The extracted information
comprised the following:

(1) Basic information of the literature (first author, publication
date, country and study design);

(2) Clinical characteristics of the subjects (age, number of cases,
baseline vitamin D level);

of vitamin D3

(3) Interventions and controls

(type
supplementation, route, dosage and duration of treatment);
(4) Outcome [serum 25(OH)D levels, HbAlc, TC]; and

(5) Indicators related to the quality evaluation of the literature.

2.5 Evaluation of the quality of included
studies

RCT studies were evaluated using the modified Jadad scale (24),
with the evaluation items including the generation of random
sequences, randomization concealment, blinding, withdrawal and loss
of visits, and the combined scores of the aforementioned items. Studies
receiving 1-3 points were classified as low-quality, while those
receiving 4-7 points were classified as high-quality. The
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Newcastle-Ottawa Scale (NOS) was utilized to evaluate retrospective
studies. The NOS encompasses the following criteria: the
representativeness of the study population, the comparability of the
study populations, the sufficiency of the follow-up period, and the
adequacy of the follow-up evaluation. Additionally, it addresses issues
of loss to follow-up and dropout. The NOS score was derived by
combining these items and the literature, yielding a range from 5 to
10. Studies with a higher NOS score exhibit reduced bias and were
deemed eligible for inclusion in the meta-analysis. It was noteworthy
that the NOS score is inversely proportional to bias, with higher scores
indicating reduced bias (25).

2.6 Statistical analysis

The statistical analysis was conducted using Rev. Man 5.3.3
software. In this study, the outcome indicators were all continuous
variables; therefore, they were expressed by using the mean difference
(MD) and its 95% confidence interval (CI) to combine. The Cochrane
Q-test was utilized to assess the heterogeneity of the results obtained
from the included studies. When p > 0.1 and I* < 50%, it was indicative
of the absence of a statistically significant difference in heterogeneity
between the studies, thereby permitting the implementation of a fixed-
effects model for the combined analyses. Conversely, when p < 0.1 and
I* > 50%, a random-effects model was deemed appropriate for the
combined analyses. The publication bias test was completed for the
outcome indicators to generate a funnel plot and to detect whether
there was publication bias in the literature included in the meta-
analysis by qualitatively determining whether the distribution of
scatter points was symmetrical or not. The observed difference was
found to be statistically significant at p < 0.05.

10.3389/fnut.2025.1663019

3 Results
3.1 Literature search results

The proposed search terms were entered into the database, and a
total of 1,222 papers were detected, including 469 papers in English
and 753 papers in Chinese. Following a rigorous selection process,
seven literatures were ultimately selected for systematic evaluation and
meta-analysis. The process of literature screening is illustrated in
Figure 1.

3.2 Basic characteristics of the included
studies

A total of 468 patients were enrolled in seven studies (22, 26-31),
of whom 261 were allocated to the low-dose group (<4,000 IU/d) and
207 to the high-dose group (>4,000 IU/d). The experimental and
control groups were meticulously designed by each study, with
consideration given to the fundamental characteristics of the patients
and the initial conditions of the two groups, ensuring their
comparability. The basic characteristics of the included studies were
displayed in Table 1.

3.3 Evaluation of the methodological
quality of the included literature

In the present study, a total of seven papers were included for
analysis. The kappa coefficient was 0.74 (moderate). Of these, six were
found to be randomized controlled trials (RCTs), and the Modified

Initial literature
retrieval(n=1222)

Y

Literature included after
de-emphasis(n=929)

Read more to exclude (n=119) :
Nodes where different regimens of
vitamin D supplementation were not

Read the title and abstract
| to rule out substandard
literature (n=803)

A

grouped into studies or regimens
were grouped into nodes other than
those defined herein (n=69) ;

Initial inclusion of
related papers

(n=126)

To elucidate the outcome metrics
corresponding to the range of

A

regimens defined herein (n=32) ;
Outcome indicators not included in
the definition of this study were

Y

examined (n=8) ;
Conference papers or review articles
with abstracts only (n=7) ;

included (n=7)

Studies
eventually

Contacting the author does not allow
access to the full text (n=3) ;

FIGURE 1
Literature screening flow chart.

Frontiers in Nutrition

frontiersin.org


https://doi.org/10.3389/fnut.2025.1663019
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

UONRLIINN Ul SI913U0.4

S0

610 uISI13UO0L

TABLE 1 Basic characteristics of the included studies.

Country  Study type Population Age Baseline Low-dose group: High-dose Course Outcome  Modified
(years) vitamin D <4,000 IU/d group:>4,000 IU/d measures  Jadad or
level (ng/ . o . o NOS
ml) Regimen Participants Regimen @ Participants
() (n)
Oral/ 4,000 TU/d 20
Ali et al. injectable 50,000 IU/ HbAlc; serum
Egypt RCT T2DM >18 <20 20 3 months 5
(22) vitamin 300,000 TU/3 months 20 week 25(OH)D levels
D3
T2DM and Oral
Exebio et al. TC; serum
United States | RCT vitamin D 30-70 <30 vitamin 4,000 TU/d 50 6,000 TU/d 25 6 months 5
(27) 25(0OH)D levels
insufficiency D3
Felicio et al. Interventional 30-60 Oral serum 25(0OH)
United States T1DM 18-50 4,000 1U/d 6 10,000 1U/d 16 12 weeks 9
(28) study <30 Vitamin D D levels
Habiba et al. Oral 4,000 TU/d 20 50,000 TU/ TC; serum
Egypt RCT T2 DM 30-65 <20 20 3 months 6
(26) vitamin D3 | 300,000 TU/3 months 20 week 25(OH)D levels
T2DM and <30 TC; serum
Karonova 18- Oral 40,000 TU/
Russia RCT diabetic (accounting 5,000 IU/week 31 31 24 weeks | 25(OH)D 6
etal. (29) 65 years vitamin D3 week
neuropathy for 78%) levels; HbAlc
serum 25(OH)
Lei et al. Diabetes mellitus Oral 50,000 IU/
China RCT >18 years <30 25,000 TU/week 30 30 6 months | D levels; 7
(31) and periodontitis vitamin D3 week
HbAlc
T2DM with
Penckofer Oral 50,000 IU/ serum 25(0OH)
United States | RCT depressive >21 years <32 5,000 IU/week 64 65 6 months 6
et al. (30) vitamin D3 week D levels
symptoms

|eys oed
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Jadad Scale assessment revealed that all of these studies were of a high
quality (scores ranging from 4 to 7). The remaining paper was a
retrospective study, and this study received a NOS score of 9. The
overall methodological quality was deemed to be fair, and the specific
scores were outlined in Table 1.

3.4 Results of meta-analysis

3.4.1 Effects of different vitamin D
supplementation doses on serum 25(OH)D levels
A total of four studies compared the changes in serum 25(OH)
D and high-dose
supplementation groups after 3 months. Statistical heterogeneity
was observed among the included studies (p =0.19, I* =37%),
necessitating the use of a fixed-effects model for analysis. The meta-

levels between low-dose vitamin D

analysis demonstrated that the mean vitamin D levels in the
<4,000 IU/d supplementation group were significantly lower than
those in the >4,000 IU/d group. This finding was accompanied by a
statistically significant difference between the two groups [MD:
—12.48, 95% CI (—15.25, —9.72), p < 0.00001], as illustrated in
Figure 2.

A total of three studies were conducted to compare the changes in
serum 25(OH)D levels between low-dose and high-dose vitamin D
supplementation groups after a period of 6 months. Statistical
heterogeneity was identified among the included studies (p < 0.00001,
I* = 90%), thus necessitating the implementation of a random-effects
model for the analysis. The results of the meta-analysis demonstrated
that the mean serum 25(OH)D levels in the <4,0001U/d
supplementation group were significantly lower than those in the
>4,000 IU/d group, with a statistically significant intergroup difference

10.3389/fnut.2025.1663019

[MD: —28.32, 95% CI (—40.92, —15.72), p < 0.001], as illustrated in
Figure 3.

3.4.2 Effects of different doses of vitamin D
supplementation on HbAlc

A comparison was made of changes in HbAlc levels between
low-dose (<4,000IU/d) and high-dose (>4,000IU/d) vitamin D
supplementation groups in three studies. In view of the absence of
statistical heterogeneity among the included studies (p =0.35,
PP = 4%), a fixed-effect model was employed for the meta-analytic
synthesis. The pooled analysis demonstrated a statistically significant
increase in HbA1c levels in the <4,000 IU/d group compared to the
>4,000 IU/d group, with WMD of 0.41 [95% CI (0.14, 0.67),
p =0.003], as illustrated in Figure 4.

3.4.3 Effects of different vitamin D
supplementation doses on TC levels

Three studies were included in order to make a comparison between
the changes in TC levels between the low-dose and high-dose vitamin
D3 supplementation groups. In view of the absence of statistical
heterogeneity across the studies (p = 0.16, I* = 46%), a fixed-effect model
was employed for meta-analytic integration. The pooled analysis
indicated that the <4,000 IU/d group exhibited marginally higher TC
levels in comparison to the >4,000 IU/d group. However, the observed
difference between these groups did not attain statistical significance
[MD: 1.84, 95% CI (—8.07, 11.76), p = 0.72], as shown in Figure 5.

3.4.4 Adverse events

Six studies did not report any vitamin D-related adverse events.
One study reported that two subjects experienced hypercalcemia, with
one case in the high-dose group and one case in the low-dose group.

Test for overall effect: Z= 8.86 (P < 0.00001)

FIGURE 2

% 4000 lU/d > 4000 luid Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed. 95% CI
Ali 2019 3211 11.56 40 46.03 549 20 41.0% -13.92[-18.24,-9.60) =
Exebio 2018 37.34 1231 50 432 1594 25 151%  -5.86[-12.98,1.26) ==
Felicio KM 2018 39.7 1041 6 461 284 16 2.9%  -6.40[-22.49 9.69) ==
Hahiha 2023 3211 11.56 40 46.03 549 20 41.0% -13.92[-18.24,-9.60) =
Total (95% CI) 136 81 100.0% -12.48[-15.25,-9.72] +
Heterogeneity: Chi*= 4.73, df= 3 (P = 0.19); F= 37% TR . 100

Comparison of serum 25(OH)D levels between the two groups after 3 months of different-dose vitamin D supplementation.

Favours experimental Favours control

Test for overall effect: Z= 4.41 (P < 0.0001)

FIGURE 3

% 4000 lU/d > 4000 luid Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
Karonova 2020 26.9 10815 31 716 24815 31 311% -4470[-54.23,-35.17) —
Lei 2023 56.2 15.46 30 72.04 2008 30 31.6% -15.84[-24.91,-6.77) -
Penckofer 2022 30.29 6.4 64 55.55 6.52 65 37.3% -25.26[-27.49,-23.03) u
Total (95% ClI) 125 126 100.0% -28.32[-40.92,-15.72] <>
Heterogeneity: Tau®= 109.38; Chi*=19.96, df= 2 (P < 0.0001); F= 90% '_100 -s'u 0 a0 100'

Comparison of serum 25(0OH)D levels between groups following 6 months of different-dose vitamin D supplementation.

Favours experimental Favours control
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%4000 U/ >4000 IU/d Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed. 95% ClI
Ali 2019 786 1.74 40 785 11 20 13.5% -0.09[-0.81,063]
Karonova 2020 7.9 089 Ky 7.4 089 31 36.1% 0.50([0.06,0.94)
Lei 2023 592 0.71 30 545 077 30 504% 0.47[0.10,0.84)]
Total (95% Cl) 101 81 100.0% 0.41[0.14,0.67]
Heterogeneity: Chi*= 2.09, df= 2 (P = 0.35); F= 4% ; t - f |
o - -100  -50 0 a0 100
Testfor overall effect Z=2.98 (P = 0.003) Favours experimental Favours control
FIGURE 4

Comparison of HbAlc levels among groups undergoing different doses of vitamin D supplementation.
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FIGURE 5
Comparison of TC levels between the two groups following supplementation with varying doses of vitamin D3.
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FIGURE 6
Funnel plot of vitamin D level comparison between groups following 3 months of different-dose vitamin D3 supplementation.

3.5 Publication bias 4 Discussion

As demonstrated in Figure 6, the funnel plot for the outcome of In order to interpret the effects of different doses of vitamin D in
serum 25(OH)D levels following 3 months of different-dose vitamin ~ patients with diabetes mellitus, it was necessary to consider the
D supplementation exhibited a relatively symmetrical scatter  intervention types and research design analyses of the included

distribution. This finding suggested the absence of any discernible  studies. In this study, the focus was exclusively on the comparative

publication bias in this meta-analysis. analysis of vitamin D3 supplements, devoid of any concomitant
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micronutrient combinations. This methodological approach was
adopted to ascertain the precise effects of vitamin D within a
predetermined dose range.

The Endocrine Society of the United States holds that there is
no clinical research evidence to support the establishment of
different serum 25(OH)D thresholds based on the benefits of
specific outcomes in the studied populations (32). However,
guidelines for the diagnosis and treatment of osteoporosis
recommended that serum 25(OH)D levels should be maintained at
30 ng/mL to preserve skeletal health (33). Currently, for diabetes
mellitus patients, there was no guidelines clearly specifying the
threshold at which serum 25(OH)D levels should be maintained to
obtain metabolic benefits. A study by Chen et al. (34) showed that
compared with people with serum 25(OH)D levels of at least 30 ng/
mL, those with serum 25(OH)D levels lower than 10 ng/mL had a
lower risk of diabetic microvascular complications (including
diabetic diabetic and diabetic
neuropathy). Xu et al. (35) conducted a study on 1,202 type 2

retinopathy, nephropathy,
diabetic patients with nephropathy and found that higher serum
25(0OH)D levels were significantly associated with reductions in
all-cause mortality, non-accidental mortality, and malignant tumor
mortality, that is, the higher the serum 25(OH)D levels, the lower
the risk of death. The results of a randomized controlled trial of
vitamin D supplementation in pre-diabetic patients showed that
compared with participants who maintained serum 25(OH)D levels
of 20-30ng/mL, the risk ratios of developing diabetes in
participants treated with vitamin D who maintained serum 25(OH)
D levels of 40-50 ng/mL and >50 ng/mL were 0.48 (0.29-0.80) and
0.29 (0.17-0.50), respectively (20). The results of this study showed
that after 3 months and 6 months of treatment, the vitamin D level
in the high-dose group was significantly higher than that in the
low-dose group (the MD were —13.93 and —22.06, respectively,
both p < 0.05). However, the average concentrations in both groups
reached a non-deficient state of >30 ng/mL, suggesting that the low
dose might have been sufficient to meet the needs of bone health. It
is worth noting that among the studies we included, except for the
study by Lei et al. (31), serum 25(OH)D levels in the low-dose
group were <40 ng/mL at 3 months and 6 months, while those in
the high-dose group were >40 ng/mL. Previous studies have
demonstrated that the attainment of 40-60 ng/mL is necessary for
vitamin D to demonstrate substantial extra-skeletal effects,
including the enhancement of insulin resistance (36). Therefore, to
obtain metabolic benefits, it might have been necessary to
administer high-dose vitamin D supplementation. However, there
were many factors affecting vitamin D levels, including age, skin
color, season, geographical latitude, altitude, dressing habits, sun
exposure time, sun protection measures, dietary habits, air
pollution, obesity, and drugs affecting vitamin D metabolism (2).
Therefore, the supplementary dose of vitamin D should
be comprehensively considered in combination with
individual factors.

HbA1c was the primary measure for assessing glycemic status
in both clinical practice and trials, reflecting average blood
glucose levels over approximately 2-3 months and demonstrating
a close association with diabetes complications (37). Vitamin D
influenced insulin synthesis and secretion through multiple
pathways: its active metabolite, 1,25-dihydroxyvitamin D3
(1,25(0OH)2D), bound to the vitamin D receptor (VDR), not only
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enhanced glucose transport but also directly stimulated insulin
release from pancreatic f-cells. Additionally, vitamin D potentially
optimized glucose metabolism by regulating intracellular calcium
homeostasis, thereby affecting blood glucose levels (38). A
previous meta-analysis reported that vitamin D supplementation
significantly reduced HbAlc compared with placebo [WMD:
—0.30% (95% CI: —0.43 to —0.18), p = 0.000] (39). However, this
study did not compare different supplementation doses, and the
included studies used a wide dose range (400-11,200 IU/d).
Another meta-analysis stratified doses into <2,000 IU/d and
>2,000 IU/d groups but found no significant HbAlc reduction in
either [WMD: —0.21, 95% CI (—0.53, 0.11), p = 0.189; and WMD:
0.05,95% CI (—0.41, 0.51), p = 0.832] (40). The dose range in this
study was similarly broad (20-11,200 IU/d), particularly in the
high-dose group, where the minimum and maximum doses
differed by 9,200 IU/d. This substantial heterogeneity likely
contributed to the discrepant results between the two meta-
analyses. Neither of these two studies directly compared the
effects of high-dose versus low-dose vitamin D supplementation
on HbAlc. Our study revealed that patients receiving >4,000 IU/d
of vitamin D had significantly lower HbAlc levels than those
receiving <4,000 IU/d [MD = —0.41, 95%CI (-0.67, —0.14),
p =0.003]. Although this difference was slightly below the
conventional clinical significance threshold (0.5%), it suggested
that higher doses of vitamin D may have an HbAlc-lowering
effect. Importantly, diabetes mellitus management required a
comprehensive approach encompassing multiple targets (e.g.,
fasting glucose, blood pressure, lipids). Further research was
needed to evaluate the impact of vitamin D doses on these
additional metabolic parameters. Moreover, individual factors
(e.g., baseline vitamin D status, comorbidities) might influence
treatment responses, necessitating stricter dose-comparison
studies and personalized analyses in future investigations.

In the field of lipid metabolism, there was a degree of contention
surrounding the relationship between vitamin D levels and TC. A
cross-sectional study involving 278 young adults showed a negative
correlation between vitamin D levels and TC (p = —0.316, p = 0.014)
(41), while a cross-sectional analysis by Gholamzad et al. (42) in
15,600 healthy participants found no significant association
(p >0.05). In a meta-analysis on the effects of vitamin D
supplementation on blood lipids in T2DM, MacGirlley et al. (43)
also indicated that there was no statistically significant difference in
TC levels between the vitamin D supplementation and placebo
groups [SMD = —0.16, 95% CI (—0.57, 0.24), p = 0.43]. In contrast,
an umbrella study by Radkhah et al. (44) incorporating 25 meta-
analyses demonstrated that vitamin D supplementation significantly
reduced TC levels [ES: —0.17, 95% CI (—0.23, —0.11), p < 0.001].
The results of this study showed that TC levels were slightly higher
in the <4,000 IU/d vitamin D3 supplementation group than in the
>4,000 IU/d group, though this difference was not statistically
significant [MD = 1.84, 95% CI (—8.07, 11.76), p =0.72]. The
discrepancy between this finding and the conclusion of Radkhah
et al. (44) might have been related to the wide range of vitamin D
doses (20-5,000 IU/d) included in their study, suggesting that dose
heterogeneity could have been a key factor contributing to the
conflicting conclusions across existing studies.

It was worth noting that in the studies included in this analysis,
the baseline serum 25(OH)D levels of most subjects were
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insufficient or deficient. Among them, the baseline serum 25(OH)
D levels in two studies (22, 26) were lower than 20 ng/mL; the
baseline serum 25(OH)D levels of subjects in three studies (27, 30,
31) were lower than 32 ng/mL; and in another study (29), 78% of
the subjects had vitamin D deficiency or insufficiency. Studies
indicated that for individuals with sufficient vitamin D (serum
25(OH)D > 30 ng/mL), vitamin D supplementation had little
preventive effect on major health outcomes such as cardiovascular
events, cancer incidence, progression of T2DM, fracture risk, or
all-cause mortality. In contrast, in populations with severe
25(0OH)D < 20 ng/mL),
supplementation showed pleiotropic benefits beyond bone health,

deficiency  (serum vitamin D
including delaying the progression from prediabetes to diabetes,
enhancing respiratory immunity, and possibly reducing tumor-
related mortality and all-cause mortality (45-47). Jorde et al. (48)
showed that for subjects without vitamin D deficiency, vitamin D
supplementation was unlikely to prevent the progression from
prediabetes to diabetes. In another study, an analysis of patients
with severe vitamin D deficiency found that vitamin D
supplementation could significantly reduce the risk of progression
from prediabetes to diabetes (20). Therefore, supplementation with
higher doses of vitamin D was not applicable to all patients and
needed to be judged based on serum 25(OH)D levels.

Existing evidence suggested that body mass index (BMI) might
have a mediating or regulating effect on vitamin D metabolism (49).
Multiple studies confirmed that BMI was negatively correlated with
serum 25(OH)D levels, and the increase in serum 25(OH)D levels
after vitamin D supplementation in people with high BMI was
relatively limited (49-51). This phenomenon might be related to the
accumulation of vitamin D in adipose tissue, or it might result from
the increased activity of 1-a hydroxylase caused by elevated
parathyroid hormone levels in obese patients, thereby accelerating
the conversion of 25(OH)D to the active form 1,25-dihydroxyvitamin
D (52, 53). It was worth noting that some studies reported that high
BMI was not only associated with a decrease in serum 25(OH)D
levels but might also independently affect the increase in glycated
hemoglobin (HbAIc) and dyslipidemia (54, 55). Among the studies
included in this analysis, the subjects’ BMI in three studies (22, 28,
31) ranged from 24 to 29.9 kg/m?, and three studies (27, 29, 30)
included subjects with BMI > 30 kg/m?. However, only one study
(28) evaluated the changes in BMI before and after the intervention,
so subgroup analysis on the impact of BMI on efficacy could not
be conducted. Based on this, future studies should design
randomized controlled trials with different doses (especially
>4,000 IU/d) and strictly control metabolic factors such as BMI to
clarify the impact of vitamin D on metabolic indicators.

Studies found that vitamin D-related genetic polymorphisms
could regulate the intervention effect by affecting the vitamin D
metabolic pathway. As a member of the nuclear receptor
superfamily, the vitamin D receptor (VDR) formed a VDR-RXR
heterodimer by binding to 1a,25-dihydroxyvitamin D3, thereby
regulating the transcription of genes related to calcium and
phosphorus metabolism, cell proliferation, and immune regulation
(56). Polymorphisms in the VDR gene might change the activity of
VDR, leading to differences in individual responses to vitamin D
supplements (57). Usategui-Martin et al. (56) found that the Tt + tt
genotype of the VDR gene Taql (rs731236) polymorphism and the
FF genotype of FokI (rs10735810) were associated with a more
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significant response to vitamin D supplementation. This might
be because the Taql variation enhanced mRNA stability, while the
FF type of FokI promoted the translation of more active proteins
(57, 58). In addition, gene-gene interactions in the vitamin D
metabolic pathway were also confirmed to affect clinical outcomes.
For example, the interaction between the RXRG gene (rs2134095)
polymorphism and the GC gene (rs7041) polymorphism could
regulate LDL-c levels (59), and the AA genotype of the GC gene
(rs4588) polymorphism was associated with poor blood glucose
control (60). Although these genetic variations might partially
explain the heterogeneity between studies, due to the fact that most
included studies did not provide the genotype data of the subjects,
it was currently impossible to systematically evaluate the impact of
genetic factors on the outcome indicators of this study. Therefore,
the impact of vitamin D-related gene polymorphisms on clinical
outcomes still needed to be verified through well-designed
genetic studies.

Vitamin D intoxication is a clinical condition characterized by
excessive vitamin D, with main clinical manifestations including
hypercalcemia, hypercalciuria, and mineral deposition in soft
tissues (23). Excessive intake of vitamin D is one of the main
pathogenic factors (61). For example, after the UK Department of
Health recommended reducing vitamin D intake, the number of
cases of infantile hypercalcemia decreased significantly (62). It was
previously believed that 4,000 IU/d was the upper limit for vitamin
D supplementation, but recent studies have put forward different
viewpoints (23). A 4-year study found that monthly high-dose
vitamin D3 supplementation had no impact on the adverse events
reported by the subjects (63); another 3-year study showed that the
safety of daily supplementation with 400 IU, 4,000 IU, and
10,000 IU was similar, although mild hypercalcemia occurred more
frequently at higher doses (64). Currently, the safe upper limit of
serum 25(OH)D level to avoid hypercalcemia has not been clearly
defined, but most studies have shown that attention is only needed
when the serum 25(OH)D level is >150 ng/mL. Therefore, setting
100 ng/mL as the tolerable upper intake level can provide a safety
margin for reducing the risk of hypercalcemia (39). Guidelines
that if 25(0OH)D  levels>100 ng/mL,
supplementation should be stopped immediately and monitored
until the level is <50 ng/mL; if it is 50-100 ng/mL, the treatment
plan (such as dose, compliance, and preparation type) needs to

suggested serum

be evaluated and adjusted; if it is 30-50 ng/mL, the original plan
can be maintained; if it is <30 ng/mL, the rationality of treatment
needs to be re-evaluated and management optimized (13). In
addition, high-dose vitamin D supplementation may have an
impact on bone health, fall risk, kidney stones, etc. For example, in
a randomized controlled trial, 311 healthy, vitamin D-sufficient,
non-osteoporotic subjects were given 400, 4,000, or 10,000 IU/d of
vitamin D, respectively, (65). At the end of 3 years, the changes in
volumetric bone mineral density (BMD) at the distal radius in the
400, 4,000, and 10,000 IU/d groups were —1.2, —2.4%, and —3.5%,
respectively, and the values in the latter two groups were
significantly lower than those in the 400 IU group. At the distal
tibia, only the volumetric BMD in the 10,000 IU group was lower
than that in the 400 IU group. There was no difference in areal BMD
at the total hip. The risk of adverse events might depend not only
on the dose but also on the treatment effect, treatment regimen, and
possibly age, sex, and vitamin D status (23, 65).
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Only one of the studies included in this analysis reported two
cases of hypercalcemia in the subjects, so we could not determine
whether there was a difference in hypercalcemia between the high-
dose group and the low-dose group. In addition, there were no
other vitamin D-related adverse events in this study, which might
be because most of the subjects included in our study were vitamin
D deficient or insufficient. Therefore, we believed that short-term
high-dose vitamin D supplementation for patients with vitamin D
insufficiency or deficiency might be safe. However, due to the short
follow-up period included in our study, we could not determine
whether long-term use of high-dose vitamin D supplements
was safe.

This study had several strengths. First, to our knowledge, it was
the first meta-analysis to explore the dose-response effects in
diabetic patients, filling a gap in this field. Unlike studies that simply
compared supplementation versus non-supplementation or
generalized dose groups, this study directly compared the efficacy
differences between high and low doses, which could directly
provide references for clinical dose selection. In addition, this study
focused on the specific population of diabetic patients, avoiding the
extrapolation bias of research results from other populations. The
selected outcome indicators (25(OH)D level, HbAlc, TC) were all
core indicators for diabetes management, which were in line with
the modern concept of comprehensive diabetes management.
Furthermore, this study ensured the rigor of the process and the
reliability of the results through comprehensive literature retrieval,
independent screening by two reviewers, and strict quality
evaluation. Moreover, most of the included studies were randomized
controlled trials with high quality scores, which further enhanced
the persuasiveness of the conclusions. Finally, vitamin D deficiency
is very common in diabetic patients, and the rational selection of
vitamin D supplement doses is an urgent problem to be solved in
clinical practice. However, there was no relevant meta-analysis,
which highlighted the special significance of this study.

This study also had some limitations: (i) due to the small
number of included studies, this might have affected the
homogeneity, similarity, and consistency required for the meta-
analysis; (ii) BMI might be one of the factors affecting 25(OH)D
levels, thereby affecting other outcome indicators. However, among
the 7 included literatures in this study, only one reported the change
in BMI before and after intervention, so this study could not
conduct a subgroup analysis of BMI or determine the impact of
BMI on outcome indicators; (iii) the included studies lacked data
on vitamin D gene polymorphism, making it impossible to judge
the impact of gene polymorphism on outcome indicators; (iv) the
sample size was small, most of which were small-scale exploratory
studies, and the included studies had a short duration, making it
difficult to identify potential effects or safety issues. Therefore, the
conclusions of this study could provide certain reference value for
clinical practice, but further verification by randomized controlled
trials with larger samples and longer follow-up periods is
still needed.

5 Conclusion

The results of this study showed that in patients with type 2
diabetes mellitus complicated by vitamin D deficiency, the
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high-dose vitamin D supplementation regimen of >4,000 IU/d
could more significantly correct the vitamin D deficiency state and
improve glycemic control compared with the low-dose regimen of
<4,000 IU/d. This finding provided new clinical evidence for the
role of high-dose vitamin D supplementation in blood glucose
regulation in patients with type 2 diabetes mellitus. However, in
view of the potential risks that might be brought by high-dose
treatment, safety indicators such as serum calcium, serum
phosphorus, and bone mineral density should be closely monitored
in clinical practice to evaluate its long-term safety. When
formulating individualized treatment plans, it was necessary to
comprehensively consider the patients’ baseline vitamin D levels,
metabolic characteristics, and complication risks to optimize the
balance between efficacy and safety.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/supplementary material.

Author contributions

LC: Investigation, Writing - review & editing. N’Z: Data curation,
Investigation, Writing - review & editing. DZ: Data curation,
Investigation, Writing - review & editing. PZ: Writing - review &
editing. YZ: Data curation, Funding acquisition, Writing -
original draft.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported
by grants from the Shaanxi Provincial People’s Hospital Science and
Technology Development Incubation Fund Project (No. 2023YJY-73)
and Key Research and Development Program of Shaanxi Provincial
Department of Science and Technology (No. 2025SF-YBXM-054).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

frontiersin.org


https://doi.org/10.3389/fnut.2025.1663019
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Caoetal.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Mitchell E. Vitamin-D and Covid-19: do deficient risk a poorer outcome? Lancet
Diabetes Endocrinol. (2020) 8:570. doi: 10.1016/s2213-8587(20)30183-2

2. Chinese Society of Osteoporosis and Bone Mineral Research. Consensus on clinical
applications of vitamin D and its analogs. Chin ] Endocrinol Metab. (2018) 34:187-201.
doi: 10.3969/j.issn.1674-9081.2018.02.007

3. Arabi A, El Rassi R, El-Hajj Fuleihan G. Hypovitaminosis D in developing
countries-prevalence, risk factors and outcomes. Nat Rev Endocrinol. (2010) 6:550-61.
doi: 10.1038/nrendo.2010.146

4. Kayaniyil S, Vieth R, Retnakaran R, Knight JA, Qi Y, Gerstein HC, et al. Association
of Vitamin D with insulin resistance and Beta-cell dysfunction in subjects at risk for type
2 diabetes. Diabetes Care. (2010) 33:1379-81. doi: 10.2337/dc09-2321

5. Mohammadi S, Hajhashemy Z, Saneei P. Serum Vitamin D levels in relation to
Type-2 diabetes and prediabetes in adults: a systematic review and dose-response Meta-
analysis of epidemiologic studies. Crit Rev Food Sci Nutr. (2022) 62:8178-98. doi:
10.1080/10408398.2021.1926220

6. Yuan S, Jiang X, Michaélsson K, Larsson SC. Genetic prediction of serum
25-hydroxyvitamin D, calcium, and parathyroid hormone levels in relation to
development of type 2 diabetes: a mendelian randomization study. Diabetes Care. (2019)
42:2197-203. doi: 10.2337/dc19-1247

7. Kampmann U, Mosekilde L, Juhl C, Moller N, Christensen B, Rejnmark L, et al.
Effects of 12 weeks high dose vitamin D3 treatment on insulin sensitivity, beta cell
function, and metabolic markers in patients with type 2 diabetes and vitamin D
insufficiency - a double-blind, randomized, placebo-controlled trial. Metabolism. (2014)
63:1115-24. doi: 10.1016/j.metabol.2014.06.008

8. Daga RA, Laway BA, Shah ZA, Mir SA, Kotwal SK, Zargar AH. High
prevalence of Vitamin D deficiency among newly diagnosed youth-onset diabetes
mellitus in North India. Arq Bras Endocrinol Metabol. (2012) 56:423-8. doi:
10.1590/50004-27302012000700003

9. Christides T. Vitamin D and risk of type 2 diabetes. BM]J. (2022) 377:01166. doi:
10.1136/bmj.01166

10.Zhou C, He P, Ye Z, Zhang Y, Zhang Y, Yang S, et al. Relationships of serum
25-hydroxyvitamin D concentrations, diabetes, genetic susceptibility, and new-
onset chronic kidney disease. Diabetes Care. (2022) 45:2518-25. doi:
10.2337/dc22-1194

11. Qu GB, Wang LL, Tang X, Wu W, Sun YH. The association between Vitamin D
level and diabetic peripheral neuropathy in patients with type 2 diabetes mellitus: an
update systematic review and Meta-analysis. ] Clin Transl Endocrinol. (2017) 9:25-31.
doi: 10.1016/j.jcte.2017.04.001

12.Wan Z, Guo J, Pan A, Chen C, Liu L, Liu G. Association of Serum
25-hydroxyvitamin D concentrations with all-cause and cause-specific mortality among
individuals with diabetes. Diabetes Care. (2021) 44:350-7. doi: 10.2337/dc20-1485

13. Pludowski P, Kos-Kudla B, Walczak M, Fal A, Zozulinska-Ziétkiewicz D,
Sieroszewski P, et al. Guidelines for preventing and treating Vitamin D deficiency: a 2023
update in Poland. Nutrients. (2023) 15:695. doi: 10.3390/nu15030695

14. Bertoldo F, Cianferotti L, Di Monaco M, Falchetti A, Fassio A, Gatti D, et al.
Definition, assessment, and Management of Vitamin D Inadequacy: suggestions,
recommendations, and warnings from the Italian Society for Osteoporosis, mineral
metabolism and bone diseases (Siommms). Nutrients. (2022) 14:4148. doi:
10.3390/nu14194148

15. China Nutrition Society — Branch of Health Management. Expert consensus on
evaluation and improvement of vitamin D nutritional status. Chin | Health Manag.
(2023) 17:245-52. doi: 10.3760/cma.j.cn115624-20230105-00009

16. Holick MEF, Binkley NC, Bischoft-Ferrari HA, Gordon CM, Hanley DA, Heaney
RP, et al. Evaluation, treatment, and prevention of Vitamin D deficiency: an Endocrine
Society clinical practice guideline. J Clin Endocrinol Metab. (2011) 96:1911-30. doi:
10.1210/jc.2011-0385

17. Berger MM, Shenkin A, Schweinlin A, Amrein K, Augsburger M, Biesalski HK,
et al. Espen micronutrient guideline. Clin Nutr. (2022) 41:1357-424. doi:
10.1016/j.cInu.2022.02.015

18. Chevalley T, Brandi ML, Cashman KD, Cavalier E, Harvey NC, Maggi S, et al. Role
of Vitamin D supplementation in the Management of Musculoskeletal Diseases: update
from an European Society of Clinical and Economical Aspects of osteoporosis,
osteoarthritis and musculoskeletal diseases (Esceo) working group. Aging Clin Exp Res.
(2022) 34:2603-23. doi: 10.1007/s40520-022-02279-6

19. Ekwaru JP, Zwicker JD, Holick MF, Giovannucci E, Veugelers PJ. The importance
of body weight for the dose response relationship of Oral Vitamin D supplementation

Frontiers in Nutrition

11

10.3389/fnut.2025.1663019

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

and serum 25-hydroxyvitamin D in healthy volunteers. PLoS One. (2014) 9:111265.
doi: 10.1371/journal.pone.0111265

20. Dawson-Hughes B, Staten MA, Knowler WC, Nelson J, Vickery EM, LeBlanc ES,
et al. Intratrial exposure to Vitamin D and new-onset diabetes among adults with
prediabetes: a secondary analysis from the Vitamin D and type 2 diabetes (D2d) study.
Diabetes Care. (2020) 43:2916-22. doi: 10.2337/dc20-1765

21. Niroomand M, Fotouhi A, Irannejad N, Hosseinpanah F. Does high-dose Vitamin
D supplementation impact insulin resistance and risk of development of diabetes in
patients with pre-diabetes? A double-blind randomized clinical trial. Diabetes Res Clin
Pract. (2019) 148:1-9. doi: 10.1016/j.diabres.2018.12.008

22. Ali SM, Ghanem YM, Sharaki OA, Hewedy WA, Habiba ES. The impact of
different regimens of vitamin D3 on glucose homeostasis in type 2 diabetic patients.
Asian ] Pharm Clin Res. (2019) 12:21-26. doi: 10.22159/ajpcr.2019.v12i12.35602

23. Rizzoli R, Vitamin D. Supplementation: upper limit for safety revisited? Aging Clin
Exp Res. (2021) 33:19-24. doi: 10.1007/s40520-020-01678-x

24.Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan D], et al.
Assessing the quality of reports of randomized clinical trials: is blinding necessary?
Control Clin Trials. (1996) 17:1-12. doi: 10.1016/0197-2456(95)00134-4

25. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in Meta-analyses. Eur J Epidemiol. (2010)
25:603-5. doi: 10.1007/s10654-010-9491-z

26. Habiba E, Ali S, Ghanem Y, Sharaki O, Hewedy W. Effect of Oral versus parenteral
Vitamin D3 supplementation on nuclear factor-Kb and platelet aggregation in type 2
diabetic patients. Can ] Physiol Pharmacol. (2023) 101:610-9. doi: 10.1139/cjpp-
2022-0359

27. Exebio JC, Ajabshir S, Campa A, Li T, Zarini GG, Huffman FG. The effect of
vitamin D supplementation on blood lipids in minorities with type 2 diabetes. Int |
Diabetes Clin Res. (2018) 5:093. doi: 10.23937/2377-3634/1410093

28. Felicio KM, de Souza A, Neto JFA, de Melo FTC, Carvalho CT, Arbage TP, et al.
Glycemic variability and insulin needs in patients with type 1 diabetes mellitus
supplemented with vitamin D: a pilot study using continuous glucose monitoring
system. Curr Diabetes Rev. (2018) 14:395-403. doi: 10.2174/157339981366617061607501
3

29.Karonova T, Stepanova A, Bystrova A, Jude EB. High-dose Vitamin D
supplementation improves microcirculation and reduces inflammation in diabetic
neuropathy patients. Nutrients. (2020) 12:2518. doi: 10.3390/nu12092518

30. Penckofer S, Ridosh M, Adams W, Grzesiak M, Woo J, Byrn M, et al. Vitamin D
supplementation for the treatment of depressive symptoms in women with type 2
diabetes: a randomized clinical trial. J Diabetes Res. (2022) 2022:1-10. doi:
10.1155/2022/4090807

31.Lei F, NiJ, Hu JL, Guo DN, Fan J. Different doses of Vitamin D supplementation
to nonsurgical treatment for Vitamin-D-insufficient patients with diabetic periodontitis
and the effect on gingival Bmp-2 levels. Kaohsiung ] Med Sci. (2023) 39:1030-7. doi:
10.1002/kjm2.12726

32. Demay MB, Pittas AG, Bikle DD, Diab DL, Kiely ME, Lazaretti-Castro M, et al.
Vitamin D for the prevention of disease: an Endocrine Society clinical practice guideline.
J Clin Endocrinol Metab. (2024) 109:1907-47. doi: 10.1210/clinem/dgae290

33. Chinese Society of Osteoporosis and Bone Mineral Research. Guidelines for the
diagnosis and treatment of primary osteoporosis (2022). Chin Gen Pract. (2022)
26:1671-91. doi: 10.12114/j.issn.1007-9572.2023.0121

34.Chen X, Wan Z, Geng T, Zhu K, Li R, Lu Q, et al. Vitamin D status, Vitamin D
receptor polymorphisms, and risk of microvascular complications among
individuals with type 2 diabetes: a prospective study. Diabetes Care. (2023) 46:270-7.
doi: 10.2337/dc22-0513

35. XuF LuH, Lai T, Lin L, Chen Y. Association between Vitamin D status and mortality
among adults with diabetic kidney disease. J Diabetes Res. (2022) 2022:1-7. doi:
10.1155/2022/9632355

36. Talaei A, Mohamadi M, Adgi Z. The effect of Vitamin D on insulin resistance in
patients with type 2 diabetes. Diabetol Metab Syndr. (2013) 5:8. doi: 10.1186/1758-
5996-5-8

37. American Diabetes Association Professional Practice Committee. 6. Glycemic goals
and hypoglycemia: standards of care in diabetes-2025. Diabetes Care. (2025) 48:5128-s145.
doi: 10.2337/dc25-S006

38. Wu J, Atkins A, Downes M, Wei Z. Vitamin D in diabetes: uncovering the sunshine
hormone's role in glucose metabolism and beyond. Nutrients. (2023) 15:1997. doi:
10.3390/nu15081997

frontiersin.org


https://doi.org/10.3389/fnut.2025.1663019
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/s2213-8587(20)30183-2
https://doi.org/10.3969/j.issn.1674-9081.2018.02.007
https://doi.org/10.1038/nrendo.2010.146
https://doi.org/10.2337/dc09-2321
https://doi.org/10.1080/10408398.2021.1926220
https://doi.org/10.2337/dc19-1247
https://doi.org/10.1016/j.metabol.2014.06.008
https://doi.org/10.1590/s0004-27302012000700003
https://doi.org/10.1136/bmj.o1166
https://doi.org/10.2337/dc22-1194
https://doi.org/10.1016/j.jcte.2017.04.001
https://doi.org/10.2337/dc20-1485
https://doi.org/10.3390/nu15030695
https://doi.org/10.3390/nu14194148
https://doi.org/10.3760/cma.j.cn115624-20230105-00009
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1016/j.clnu.2022.02.015
https://doi.org/10.1007/s40520-022-02279-6
https://doi.org/10.1371/journal.pone.0111265
https://doi.org/10.2337/dc20-1765
https://doi.org/10.1016/j.diabres.2018.12.008
https://doi.org/10.22159/ajpcr.2019.v12i12.35602
https://doi.org/10.1007/s40520-020-01678-x
https://doi.org/10.1016/0197-2456(95)00134-4
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1139/cjpp-2022-0359
https://doi.org/10.1139/cjpp-2022-0359
https://doi.org/10.23937/2377-3634/1410093
https://doi.org/10.2174/1573399813666170616075013
https://doi.org/10.2174/1573399813666170616075013
https://doi.org/10.3390/nu12092518
https://doi.org/10.1155/2022/4090807
https://doi.org/10.1002/kjm2.12726
https://doi.org/10.1210/clinem/dgae290
https://doi.org/10.12114/j.issn.1007-9572.2023.0121
https://doi.org/10.2337/dc22-0513
https://doi.org/10.1155/2022/9632355
https://doi.org/10.1186/1758-5996-5-8
https://doi.org/10.1186/1758-5996-5-8
https://doi.org/10.2337/dc25-S006
https://doi.org/10.3390/nu15081997

Caoetal.

39. Chen W, Liu L, Hu E. Efficacy of vitamin D supplementation on glycaemic control
in type 2 diabetes: an updated systematic review and meta-analysis of randomized
controlled trials. Diabetes Obes Metab. (2024) 26:5713-26. doi: 10.1111/dom.15941

40.Li X, Liu Y, Zheng Y, Wang P, Zhang Y. The effect of Vitamin D supplementation
on Glycemic control in type 2 diabetes patients: a systematic review and Meta-analysis.
Nutrients. (2018) 10:375. doi: 10.3390/nu10030375

41. Kostrova GN, Malyavskaya SI, Lebedev AV. Relationship between Vitamin D level
and lipid profile in young adults. Vopr Pitan. (2022) 91:26-34. doi:
10.33029/0042-8833-2022-91-4-26-34

42. Gholamzad A, Khakpour N, Kabipour T, Gholamzad M. Association between
serum Vitamin D levels and lipid profiles: a cross-sectional analysis. Sci Rep. (2023)
13:21058. doi: 10.1038/541598-023-47872-5

43. MacGirlley R, Phoswa WN, Mokgalaboni K. Modulatory properties of Vitamin D
in type 2 diabetic patients: a focus on inflammation and Dyslipidemia. Nutrients. (2023)
15:4575. doi: 10.3390/nu15214575

44, Radkhah N, Zarezadeh M, Jamilian P, Ostadrahimi A. The effect of Vitamin D
supplementation on lipid profiles: an umbrella review of Meta-analyses. Adv Nutr.
(2023) 14:1479-98. doi: 10.1016/j.advnut.2023.08.012

45. Bouillon R, Manousaki D, Rosen C, Trajanoska K, Rivadeneira E Richards JB. The
health effects of vitamin D supplementation: evidence from human studies. Nat Rev
Endocrinol. (2021) 18:96-110. doi: 10.1038/s41574-021-00593-z

46. Pittas AG, Jorde R, Kawahara T, Dawson-Hughes B. Vitamin D supplementation
for prevention of type 2 diabetes mellitus: to D or not to D? J Clin Endocrinol Metab.
(2020) 105:3721-33. doi: 10.1210/clinem/dgaa594

47. Manson JE, Cook NR, Lee IM, Christen W, Bassuk SS, Mora S, et al. Vitamin D
supplements and prevention of Cancer and cardiovascular disease. N Engl ] Med. (2019)
380:33-44. doi: 10.1056/NEJMoa1809944

48.Jorde R, Sollid ST, Svartberg J, Schirmer H, Joakimsen RM, Njolstad 1, et al.
Vitamin D 20,000 IU per week for five years does not prevent progression from
prediabetes to diabetes. J Clin Endocrinol Metab. (2016) 101:1647-55. doi:
10.1210/jc.2015-4013

49.Imerbsin N, Shantavasinkul PC, Witoonpanich P, Sirivarasai J, Taonam N,
Phanachet P, et al. Vitamin D and cognitive impairment. Nutrients. (2025) 17:8. doi:
10.3390/nu17081301

50. Tobias DK, Luttmann-Gibson H, Mora S, Danik J, Bubes V, Copeland T, et al.
Association of Body Weight with response to Vitamin D supplementation and
metabolism. JAMA Netw Open. (2023) 6:€2250681. doi:
10.1001/jamanetworkopen.2022.50681

51. Alloubani A, Akhu-Zaheya L, Samara R, Abdulhafiz I, Saleh A, Altowijri A.
Relationship between Vitamin D deficiency, diabetes, and obesity. Diabetes Metab Syndr.
(2019) 13:1457-61. doi: 10.1016/j.dsx.2019.02.021

52. Veugelers PJ, Pham TM, Ekwaru JP. Optimal Vitamin D supplementation doses
that minimize the risk for both low and high serum 25-hydroxyvitamin D concentrations

Frontiers in Nutrition

12

10.3389/fnut.2025.1663019

in the general population. Nutrients. (2015) 7:10189-208. doi: 10.3390/nu7
125527

53. Vimaleswaran KS, Berry DJ, Lu C, Tikkanen E, Pilz S, Hiraki LT, et al. Causal
relationship between obesity and Vitamin D status: bi-directional mendelian
randomization analysis of multiple cohorts. PLoS Med. (2013) 10:e1001383. doi:
10.1371/journal.pmed.1001383

54. de Laat-Kremers R, Di Castelnuovo A, van der Vorm L, Costanzo S, Ninivaggi M,
Cerletti C, et al. Increased Bmi and blood lipids are associated with a hypercoagulable
state in the Moli-Sani cohort. Front Cardiovasc Med. (2022) 9:897733. doi:
10.3389/fcvm.2022.897733

55. Hetta HE, Fahmy EM, Mohamed GA, Gaber MA, Elkady A, Elbadr MM, et al. Does
Vitamin D status correlate with insulin resistance in obese prediabetic patients? An Egyptian
Multicenter study. Diabetes Metab Syndr. (2019) 13:2813-7. doi: 10.1016/j.dsx.2019.07.043

56. Usategui-Martin R, De Luis-Roman DA, Fernandez-Gémez JM, Ruiz-Mambrilla
M, Pérez-Castrillon JL. Vitamin D receptor (Vdr) gene polymorphisms modify the
response to Vitamin D supplementation: a systematic review and Meta-analysis.
Nutrients. (2022) 14:360. doi: 10.3390/nu14020360

57. Uitterlinden AG, Fang Y, Van Meurs JB, Pols HA, Van Leeuwen JP. Genetics and
biology of vitamin D receptor polymorphisms. Gene. (2004) 338:143-56. doi:
10.1016/j.gene.2004.05.014

58. Arai H, Miyamoto K, Taketani Y, Yamamoto H, Iemori Y, Morita K, et al. A
vitamin D receptor gene polymorphism in the translation initiation codon: effect on
protein activity and relation to bone mineral density in Japanese women. ] Bone Miner
Res. (1997) 12:915-21. doi: 10.1359/jbmr.1997.12.6.915

59. Grave N, Tovo-Rodrigues L, da Silveira J, Rovaris DL, Dal Bosco SM, Contini V,
et al. A Vitamin D pathway gene-gene interaction affects low-density lipoprotein
cholesterol levels. ] Nutr Biochem. (2016) 38:12-7. doi: 10.1016/j.jnutbio.2016.08.002

60. Rozmus D, Plominski J, Augustyn K, Ciedlinska A. Rs7041 and Rs4588
polymorphisms in Vitamin D binding protein gene (Vdbp) and the risk of diseases. Int
J Mol Sci. (2022) 23:933. doi: 10.3390/ijms23020933

61. Paterson CR. Vitamin-D poisoning: survey of causes in 21 patients with
hypercalcaemia. Lancet. (1980) 1:1164-5. doi: 10.1016/s0140-6736(80)91620-7

62. Stewart WK, Mitchell RG, Morgan HG, Lowe KG, Thomson J. The changing
incidence of rickets and infantile hypercalcaemia as seen in Dundee. Lancet. (1964)
1:679-82. doi: 10.1016/s0140-6736(64)91516-8

63. Malihi Z, Lawes CMM, Wu Z, Huang Y, Waayer D, Toop L, et al. Monthly high-
dose Vitamin D3 supplementation and self-reported adverse events in a 4-year
randomized controlled trial. Clin Nutr. (2019) 38:1581-7. doi: 10.1016/j.cInu.2018.07.034

64. Billington EO, Burt LA, Rose MS, Davison EM, Gaudet S, Kan M, et al. Safety of
high-dose Vitamin D supplementation: secondary analysis of a randomized controlled
trial. J Clin Endocrinol Metab. (2020) 105:1261-73. doi: 10.1210/clinem/dgz212

65. Burt LA, Billington EO, Rose MS, Raymond DA, Hanley DA, Boyd SK. Effect of
high-dose Vitamin D supplementation on volumetric bone density and bone strength:
a randomized clinical trial. JAMA. (2019) 322:736-45. doi: 10.1001/jama.2019.11889

frontiersin.org


https://doi.org/10.3389/fnut.2025.1663019
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1111/dom.15941
https://doi.org/10.3390/nu10030375
https://doi.org/10.33029/0042-8833-2022-91-4-26-34
https://doi.org/10.1038/s41598-023-47872-5
https://doi.org/10.3390/nu15214575
https://doi.org/10.1016/j.advnut.2023.08.012
https://doi.org/10.1038/s41574-021-00593-z
https://doi.org/10.1210/clinem/dgaa594
https://doi.org/10.1056/NEJMoa1809944
https://doi.org/10.1210/jc.2015-4013
https://doi.org/10.3390/nu17081301
https://doi.org/10.1001/jamanetworkopen.2022.50681
https://doi.org/10.1016/j.dsx.2019.02.021
https://doi.org/10.3390/nu7125527
https://doi.org/10.3390/nu7125527
https://doi.org/10.1371/journal.pmed.1001383
https://doi.org/10.3389/fcvm.2022.897733
https://doi.org/10.1016/j.dsx.2019.07.043
https://doi.org/10.3390/nu14020360
https://doi.org/10.1016/j.gene.2004.05.014
https://doi.org/10.1359/jbmr.1997.12.6.915
https://doi.org/10.1016/j.jnutbio.2016.08.002
https://doi.org/10.3390/ijms23020933
https://doi.org/10.1016/s0140-6736(80)91620-7
https://doi.org/10.1016/s0140-6736(64)91516-8
https://doi.org/10.1016/j.clnu.2018.07.034
https://doi.org/10.1210/clinem/dgz212
https://doi.org/10.1001/jama.2019.11889

	Dose–response effects of vitamin D supplementation on vitamin D status, glycosylated hemoglobin and total cholesterol in patients with diabetes mellitus: a systematic review and meta-analysis
	1 Introduction
	2 Materials and methods
	2.1 Inclusion criteria
	2.2 Exclusion criteria
	2.3 Literature search strategy
	2.4 Data screening and extraction
	2.5 Evaluation of the quality of included studies
	2.6 Statistical analysis

	3 Results
	3.1 Literature search results
	3.2 Basic characteristics of the included studies
	3.3 Evaluation of the methodological quality of the included literature
	3.4 Results of meta-analysis
	3.4.1 Effects of different vitamin D supplementation doses on serum 25(OH)D levels
	3.4.2 Effects of different doses of vitamin D supplementation on HbA1c
	3.4.3 Effects of different vitamin D supplementation doses on TC levels
	3.4.4 Adverse events
	3.5 Publication bias

	4 Discussion
	5 Conclusion

	References

