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Abstract

A meta-analysis was performed to evaluate the association between vita-
min D deficiency and diabetic foot ulcer wounds in diabetic subjects. A
systematic literature search up to March 2022 incorporated 7586 subjects
with diabetes mellitus at the beginning of the study; 1565 were using dia-
betic subjects with foot ulcer wounds, and 6021 were non-ulcerated dia-
betic subjects. Statistical tools like the dichotomous and contentious
method were used within a random or fixed-influence model to establish
the odds ratio (OR) and mean difference (MD) with 95% confidence inter-
vals (CIs) to evaluate the influence of vitamin D deficiency in managing
diabetic foot ulcer wound. Diabetic subjects with foot ulcer wounds had
significantly lower vitamin D levels (MD, —6.48; 95% CI, —10.84 to
—2.11, P < .004), higher prevalence of vitamin D deficiency (<50 nmoL/L)
(OR, 1.82; 95% CI, 1.32-2.52, P < .001), and higher prevalence of severe
vitamin D deficiency (OR, 2.53; 95% CI, 1.65-3.89, P < .001) compared
with non-ulcerated diabetic subjects. Diabetic subjects with foot ulcer
wounds had significantly lower vitamin D levels, higher prevalence of
vitamin D deficiency, and higher prevalence of severe vitamin D defi-
ciency compared with non-ulcerated diabetic subjects. Further studies are
required to validate these findings.
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Key Messages

« a meta-analysis was performed to evaluate the association between vitamin
D deficiency and diabetic foot ulcer wounds in diabetic subjects

« diabetic subjects with foot ulcer wounds had significantly lower vitamin D
levels, higher prevalence of vitamin D deficiency, and higher prevalence of
severe vitamin D deficiency compared with non-ulcerated diabetic subjects.
Further studies are required to validate these findings
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1 | BACKGROUND

The diabetic foot ulcer wound is a severe problem in sub-
jects with diabetes mellitus." Subjects with diabetic foot
ulcer wounds have a higher death rate compared with
diabetic subjects with no foot ulcer wound. Daousi et al
showed that the death rate of diabetic foot ulcer wounds
is around twice that of non-ulcerated diabetic subjects.?
Though, there is a lack of evidence about the probable
contributing influences on diabetic foot ulcer wounds.
There is increasing attention to the advantageous role of
vitamin D in diabetes mellitus. Several researchers have
shown vitamin D influences T-cell-mediated immunity,
pancreatic insulin secretion and action, cell growth, and
healing.? Yakob et al reported that the low levels of vita-
min D might be associated with the increase in diabetic
foot infections.* Results from in-vitro studies showed that
vitamin D can restore the manufacture of antimicrobial
peptides in the primary cell from diabetic foot ulcer
wounds and progress the in-vitro wound-healing assays.’
In rats, the topical application of vitamin D enhanced
wound healing in a dose-dependent way.® An additional
study showed that calcitriol can endorse endothelial and
keratinocyte cell migration in a diabetic foot ulcer wound

model.” Therefore, results from earlier studies revealed
the probable advantageous influences of vitamin D on
wound healing in diabetic foot ulcer wounds. Though,
there were no conclusive obtainable outcomes. Hence, in
this study, we conducted a meta-analysis evaluating the
association between vitamin D deficiency and diabetic
foot ulcer wounds in diabetic subjects.

2 | METHODS

A methodology was established according to the epidemi-
ology statement® which is further organised into a meta-
analysis.

2.1 | Study selection

The main indications of the meta-analysis were to assess
the association between vitamin D deficiency and dia-
betic foot ulcer wounds in diabetic subjects using statisti-
cal tools like mean difference (MD), odds ratio (OR),
frequency rate, or relative risk at a 95% confidence inter-
val (CI).
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The literature review was limited to the English lan-
guage. However, inclusion criteria were not restricted by
study type or size, and studies with no relationships were
excluded from the study, for example, letters, editorials,
commentary, and review articles. Figure 1 represents the
model of meta-analysis.

Inclusion criteria of the analysis incorporated into the
meta-analysis are given below.

1. The studies were prospective studies, randomised con-
trolled trials, or retrospective studies.

2. Subjects selected for the study were subjects with dia-
betes mellitus

3. Vitamin D deficiency was considered intervention
programs

4. The study comprised diabetic subjects with foot ulcer
wounds, compared with non-ulcerated diabetic
subjects.

The exclusion criteria adopted for the analysis were

1. Studies that do not assess the association between
vitamin D deficiency and diabetic foot ulcer wounds
in diabetic subjects

2. Studies with management other than vitamin D
deficiency.

3. Studies that do not influence comparative outcomes.

2.2 | Identification

Search strategy adopted the protocol as the PICOS princi-
ple the critical elements of PICOS were P (population):
subjects with diabetes mellitus; I (intervention/exposure):
vitamin D deficiency; C (comparison): diabetic subjects
with foot ulcer wound compared with non-ulcerated dia-
betic subjects; O (outcome): vitamin D levels, prevalence
of vitamin D deficiency (<50 nmoL/L), and severe vita-
min D deficiency; S (study design): without any limita-
tion.” A systematic and brief literature survey was done
on MEDLINE/PubMed, Google Scholar, Embase, OVID,
Cochrane Library, and until March 2022, using search
keywords like vitamin D deficiency, severe vitamin D
deficiency, vitamin D levels, the prevalence of vitamin D
deficiency, and diabetic foot ulcer wound as depicted in
Table 1. The research papers were arranged using End-
Note software to exclude the duplicates. Moreover, a rig-
orous analysis of all title and abstracts were done to
delete any data that did not indicate any risk factors or
impact of vitamin D deficiency on the outcomes studied.
Related Information on this topic was collected from the
remaining topics.

- WiLEy-L 2

TABLE 1 Search strategy for each database

Database Search strategy

Pubmed #1 ‘vitamin D deficiency’ [MeSH Terms] OR
‘diabetic foot ulcer wound’ [MeSH Terms] OR
‘prevalence of vitamin D deficiency’ [All
Fields]

#2 ‘severe vitamin D deficiency’ [MeSH Terms]
OR ‘vitamin D levels’ [All Fields]

#3 #1 AND #2

Embase ‘vitamin D deficiency’/exp OR ‘diabetic foot
ulcer wound’/exp OR ‘prevalence of vitamin
D deficiency’/exp

#2 ‘severe vitamin D deficiency’/exp OR
‘vitamin D levels’/exp

#3 #1 AND #2

Cochrane
library

#1 (vitamin D deficiency):ti,ab,kw OR (diabetic
foot ulcer wound):ti,ab,kw OR (prevalence of
vitamin D deficiency):ti,ab,kw (Word
variations have been searched)

#2 (severe vitamin D deficiency):ti,ab,kw OR
(vitamin D levels):ti,ab,kw (Word variations
have been searched)

#3 #1 AND #2

221 | Screening

A standard format was established, including the study
and subject-related data. In addition, a traditional form
was categorised to include the first author's surname,
place of practice, duration of the study, design of the
study, sample size, subject type, demography, categories,
treatment mode, qualitative and quantitative evaluation,
information source, primary outcome evaluation, and
statistical analysis.”

“Risk of bias tool” was adopted to assess the methodo-
logical quality using Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1. To ensure the qual-
ity of the methodology, the corresponding author
resolved any conflicts through a discussion that arose
during the collection of literature by two reviewers. "’

2.3 | The different levels of risk of bias
encountered in assessment criteria

In the assessment of criteria, there are three different
levels of risk of bias. The bias is considered low risk when
all quality parameters were met; moderate risk when
parameters were only partially completed or not met; It
is regarded as a high-risk bias when all quality parame-
ters were not met/or not included. Inconsistencies are
checked by examining the paper.
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2.4 | Eligibility criteria

The effect of vitamin D deficiency on vitamin D levels,
prevalence of vitamin D deficiency, and severe vitamin D
deficiency was considered the study's eligibility criteria.
Therefore, an evaluation of vitamin D deficiency in man-
aging diabetic foot ulcer wounds compared with non-
ulcerated diabetic subjects was extracted to form a
summary.

2.5 | Inclusion criteria

This sensitivity analysis included only the association
between vitamin D deficiency and diabetic foot ulcer

wounds in diabetic subjects compared with non-ulcerated
diabetic subjects. In comparison, the sensitivity analysis
subcategory had the diabetic foot ulcer wound in diabetic
subjects compared with the non-ulcerated diabetic
subjects.

2.6 | Statistical analysis

The statistical analysis adopted a dichotomous and
contentious method to calculate the OR and MD at a
CI of 95% on the random influence or fixed influence
model. Initially, the I? index scale was assessed
between 0% and 100%, and the scale for heterogeneity
was set between 0%, 25%, 50%, and 75%, which indi-
cated scales as no, low, moderate, and high, respec-
tively.!' If I was 50%, the random influence was

TAlBI.JE 2 Characteristics of the selected studies for the meta- considered, and if 2 < 50%, it was regarded as fixed-

analysis . ..

Y influence. Initial results are pooled, and subgroup
Diabetic analysis was done to get a P-value that is statistically
subjects Non- significant <.05. The Egger regression test assesses
with foot  ulcerated publication bias (if P > .05) by calculating funnel plots
ullez SIS of the logarithm of odds ratios compared to standard

Study Country Total wound subjects 9 .. . e .
errors.” The statistical analysis was done by “Reviewer
12 i : ER) :
Kota India 200 100 100 manager version 5.3” (The Nordic Cochrane Centre,
Tiwari® India 289 125 164 The Cochrane Collaboration, Copenhagen, Denmark)
Zubair* India 280 134 146 with two-tailed p values.
Tiwari" India 219 112 107
Afarideh!® Iran 60 30 30
- 3 | RESULTS
Feldkamp Germany 207 104 103
= 18
Caglar Turkey 107 60 47 A total of 12 studies reported between 2013 and 2022 sat-
19 o e . . . . .
Greenhagen™  USA 100 54 46 isfied the inclusion criteria for the meta-analysis among
Dai® China 51 21 30 the 573 distinctive reports.'*** This meta-analysis study
Xiao? China 4284 245 4039 included 7586 subjects with diabetes mellitus at the
Tsitsou Greece 68 33 35 be.gmmng of the study; 1565 were using diabetic subje?ts
- . with foot ulcer wounds, and 6021 were non-ulcerated dia-
Tang China 1721 547 1174 i R . o
| betic subjects. All studies evaluated the association
T 7 1 21 . . . . .
ota 586 565 60 between vitamin D deficiency and diabetic foot ulcer
Diabetic subjects with foot wound ulcer Non-ulcerated diabetic subjects Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI Year IV, Random, 95% CI
Zubair, 2013 8.4 1.06 134 298 14.3 146 10.4% —21.40[-23.73,-19.07) 2013 ——
Tiwari, 2013 40.25 38.35 125 50.75 33 164 7.7% -10.50 [-18.91,-2.09] 2013
Kota, 2013 16.1 16 100 19.8 141 100 9.8% -3.70[-7.88, 0.48] 2013 ]
Tiwari, 2014 40.2 39.2 112 49.2 331 107 7.1%  —8.00[-18.58, 0.59] 2014 I
Afarideh, 2016 41.93 45.48 30 39.94 26.07 30 3.6% 1.99[16.77,20.75 2016
Feldkamp, 2018 1.8 1n.3 104 19 14.4 103 10.0% —7.20[-10.73,-3.67] 2018 I
Cafilar, 2018 79 6.3 60 11.6 6.5 47 10.4% —3.70[-6.15,-1.25) 2018 =
Greenhagen, 2019 23.6 1.2 54 18.7 6.7 46 10.0% 4.90[1.34, 8.46) 2019 —
Dai, 2020 1.2 5.2 2 17.73 3.2 30 10.4% -6.52[-9.02,-4.02] 2020 ==
Tsitsou, 2021 17.9 6.7 33 19.8 87 35 10.0% -1.80[-5.58,1.78] 2021 S
Tang, 2022 35.8 10.98 547 45.48 12.91 1174 10.7% -9.68[-10.86,-8.50] 2022 o s
Total (95% Cl) 1320 1982 100.0% —6.48 [-10.84, -2.11] <t
Heterogeneity: Tau®= 46.16; Chi*= 212.84, df = 10 (P <.00001); = 95% _250 _150 0 1{0 Z}U

Test for overall effect: Z=2.91 (P =.004)

FIGURE 2
diabetic subjects

A forest plot illustrating the vitamin D levels in diabetic subjects with foot ulcer wounds compared with non-ulcerated
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Diabetic subjects with foot wound ulcer  Non-ulcerated diabetic subjects 0Qdds Ratio 0Qdds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Kota, 2013 62 100 57 100 14.1% 1.23[0.70,217] 2013 T
Tiwari, 2013 88 125 92 164  15.8% 1.86 [1.14, 3.05] 2013 =
Tiwari, 2014 46 112 44 107 14.7% 1.00 [0.58, 1.71] 2014 -+
Feldkamp, 2018 88 104 61 103 12.2% 3.79[1.95, 7.34] 2018 .
Dai, 2020 21 pil 23 30 1.2% 13.72(0.74, 254.92] 2020 T
Xiao, 2020 195 245 2876 4033 20.0% 1.58[1.15,217] 2020 -
Tang, 2022 424 547 695 1174 22.0% 2.38[1.88,3.00] 2022 -
Total (95% Cl) 1254 5717  100.0% 1.82[1.32, 2.52] <
Total events 924 3848
Heterogeneity: Tau®= 0.11; Chi*= 18.57, df= 6 (P =.005); I*= 68% 0.005 01 10 200

Test for overall effect: Z = 3.65 (P=.0003)

FIGURE 3
wounds compared with non-ulcerated diabetic subjects

A forest plot illustrating the prevalence of vitamin D deficiency (<50 nmoL/L) when in diabetic subjects with foot ulcer

Diabetic subjects with foot wound ulcer  Non-ulcerated diabetic subjects 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Tiwari, 2013 57 125 28 164 17.7% 4.07 [2.38,6.97] 2013 =
Kota, 2013 48 100 26 100 16.7% 2.63[1.45, 4.76) 2013 -
Tiwari, 2014 23 112 8 107 12.4% 3.20[1.36, 7.51) 2014 —
Feldkamp, 2018 57 104 32 103 17.2% 2.69[1.52 4.75 2018 -
Dai, 2020 9 21 0 30 2.0% 46.36(2.50, 858.71] 2020
Tsitsou, 2021 19 33 18 3% 11.0% 1.28[0.49, 3.34 2021 i
Tang, 2022 167 547 258 1174 23.0% 1.56 [1.24, 1.96) 2022 -
Total (95% Cl) 1042 1713 100.0% 2.53[1.65, 3.89] L 2
Total events 380 370
Heterogeneity: Tau®= 0.19; Chi*= 19.64, df= 6 (P = 0.003); IF=69% 0001 01 10 1000

Test for overall effect: Z=4.25 (P < 0.0001)

FIGURE 4 A forest plot illustrating the severe vitamin D deficiency in diabetic subjects with foot ulcer wounds compared with non-

ulcerated diabetic subjects

wounds in diabetic subjects. Eleven studies reported data
stratified to the vitamin D levels, seven studies reported
data stratified to the prevalence of vitamin D deficiency
(<50 nmoL/L), and seven studies reported data stratified
to the severe vitamin D deficiency (<20 nmoL/L). 51 to
4284 subjects were involved as a study sample size in the
selected studies. All information about these 12 studies is
given in Table 2.

Diabetic subjects with foot ulcer wounds had signifi-
cantly lower vitamin D levels (MD, —6.48; 95% CI,
—10.84 to —2.11, P < .004) with high heterogeneity as
I = 95%, higher prevalence of vitamin D deficiency
(<50 nmoL/L) (OR, 1.82; 95% CI, 1.32-2.52, P < .001)
with heterogeneity denoted as moderate (I> = 68%), and
higher prevalence of severe vitamin D deficiency (OR,
2.53; 95% CI, 1.65-3.89, P < .001) with moderate hetero-
geneity as I = 69% compared with non-ulcerated dia-
betic subjects as shown in Figures 2 to 4.

The pooled data has not considered the elements like
group age, ethnicity, and gender because of the lack of
reports on these elements. The results of Egger regression
analysis funnel plots during the quantitative measure-
ment have not proved any publication bias (P = .88).
However, problems like poor methodological tools were
identified in the selected randomised dressings-led trial.
Selective reporting bias was not detected during this
meta-analysis.

4 | DISCUSSION
This meta-analysis comprised 7586 subjects with diabetes
mellitus at the beginning of the study; 1565 were using
diabetic subjects with foot ulcer wounds, and 6021 were
non-ulcerated diabetic subjects.'>** Diabetic subjects
with foot ulcer wounds had significantly lower vitamin D
levels, higher prevalence of vitamin D deficiency, and
higher severe vitamin D deficiency compared with non-
ulcerated diabetic subjects. Yet, the analysis of results
must be done with attention due to the low number of
selected studies for the meta-analysis and the low sample
size of 4 out of 12 selected studies found for the meta-
analysis with <100 subjects as sample size; rec-
ommending the necessity for additional studies with a
larger sample size to confirm these findings or perhaps to
significantly impact confidence in the effect assessment.
The main aim of this meta-analysis was to show and
assess all current indications about the association
between vitamin D deficiency and diabetic foot ulcer
wounds in diabetic subjects. Vitamin D was rec-
ommended to be vital in numerous chronic diseases, for
example, diabetes.”* Low serum vitamin D levels are
related to insulin resistance, impaired f-cell function,
and the progress of diabetes mellitus.>> There is also con-
tinuing attention to the relationship between vitamin D
deficiency and diabetic problems. Zubair et al showed
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that lower vitamin D had a significant role in the patho-
genesis of foot ulcer wounds."* Multiple mechanisms
were in this procedure. Hyperglycemia in diabetic sub-
jects disturbed the normal procedure of cytokine manu-
facture, which results in decreased wound healing.*
Vitamin D supplements were shown to recover glycemic
control. Sugden et al showed the influence of vitamin D
in the enhancement of endothelial function.”® A single
high dose of oral vitamin D can significantly recover the
brachial artery flow-mediated vasodilatation by 2.3%.
Furthermore, vitamin D was recommended as an
immune stimulant.'® Urashima et al recommended that
vitamin D supplements could decrease the risk of influ-
enza A in schoolchildren.?” Van et al reported that vita-
min D stimulated phagocytosis and killed the intestine
bacteria by macrophages.”® Vitamin D also stopped the
secretion of the T helper type 1 cytokines interferon-
gamma and interleukin-2 while stimulating the manufac-
ture of Th2 cytokines, which might endorse wound
healing.** Though, the mechanism of the relationship
between serum vitamin D levels and diabetic foot ulcer
wounds is still unclear. So, the identification of the rela-
tionship between diabetic foot ulcer wounds with vitamin
D could give us some inferences to suggest new treat-
ments for diabetic wound foot ulcers. Vitamin D supple-
ments might be a valid healing choice for diabetes with
foot ulcer wounds and vitamin D deficiency. More future
studies are essential to confirm the influence of vitamin
D supplements in the inhibition or management of dia-
betic foot ulcer wounds. This meta-analysis exhibited a
correlation between the association between vitamin D
deficiency and diabetic foot ulcer wounds in diabetic sub-
jects. However, more trials are still required to explain
the exact clinical difference in the results and closeness.
Moreover, to study the elements with the groupage and
gender; our meta-analysis studies could not prove
these factors are related to the outcomes.’*>” This was
suggested in other meta-analyses, which showed similar
effects.>®*° In summary, diabetic subjects with foot ulcer
wounds had significantly lower vitamin D levels, higher
prevalence of vitamin D deficiency, and higher preva-
lence of severe vitamin D deficiency compared with
non-ulcerated diabetic subjects.

41 | Limitations

One of the study's limitations was various biases existed
as many studies were exempted from this meta-analysis
as these studies were not meeting the inclusion criteria.
Furthermore, there was an uncertainty in linking the fac-
tors like gender, ethnicity, and age to this analysis. The
study compared the correlation of the influences of

vitamin D deficiency in managing diabetic foot ulcer
wounds. The analysis depends on data from existing stud-
ies which can result in bias as it contains incomplete
details. The meta-analysis consisted of 12 studies; 4 of them
were small, <100. Several lost data and unpublished studies
may aggregate into an influence bias. Subjects used various
medications, healthcare schemes, treatments, and doses.
And also, the type of stem cells in the included studies
varied.

5 | CONCLUSIONS

Diabetic subjects with foot ulcer wounds had signifi-
cantly lower vitamin D levels, higher prevalence of vita-
min D deficiency, and higher prevalence of severe
vitamin D deficiency compared with non-ulcerated dia-
betic subjects. Yet, the analysis of results must be done
with attention due to the low number of selected studies
for the meta-analysis and the low sample size of some
selected studies; recommending the necessity for addi-
tional studies with a larger sample size to confirm these
findings or perhaps to significantly impact confidence in
the effect assessment.
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