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Background The role of vitamin D (VD) in the management of chronic ob-
structive pulmonary disease (COPD) and asthma remains largely undeter-
mined. In the present meta-analysis, we aimed to comprehensively investigate
the efficacy of VD in the treatment of COPD and asthma according to the lat-
est update.

Methods The PubMed, Embase, and Cochrane Library databases were searched
from their inception to June 2, 2022. Randomized controlled trials (RCTs) com-
paring the efficacy of VD with placebo against COPD or asthma were included.

Results A total of 11 RCTs consisting of 1183 COPD patients and 19 RCTs con-
sisting of 2025 asthmatic patients were finally included. As for pulmonary func-
tion, FEV1/FVC was not changed significantly, while FEV1% was improved in
the VD group. In the asthma subgroup, FEV1% was not changed significantly,
while FEV1/FVC was improved in the VD group. For the questionnaire and rat-
ing scale, the mMRC (modified Medical Research Council) dyspnoea scale score
for COPD and ACT (Asthma Control Test) score for asthma were not signifi-
cantly changed, while the SGRQ (St. George's Respiratory Questionnaire) score
for COPD was improved in the VD group. For inflammation indicators, IL-6
and IL-10 were statistically equivalent between the VD and placebo groups,
while IgE, IL-5, and IL-10 (baseline VD deficiency subgroup) were improved
in the VD group. The exacerbation, length of hospital stays, and mortality were
statistically equivalent between the two groups.

Conclusions VD supplementation improved the indicators of asthma and
COPD, especially in pulmonary function, SGRQ scores, IL-5, and IgE.

Registration The protocol could be found at PROSPERO with the registration
number of CRD42020218058.

Chronic obstructive pulmonary disease (COPD) has the highest mortality rate
among chronic respiratory diseases [1]. COPD patients often show incomplete re-
versibility of airflow obstruction caused by emphysema and chronic bronchitis. It
can eventually develop into severe diseases, such as pulmonary heart disease and
respiratory failure. Currently, there is no good way to prevent development of the
disease. Similarly, asthma is another common chronic inflammatory disease that
can start at a young age. Like COPD, asthma can also develop into chronic air-
way limitation because of uncontrolled inflammation [2]. Because inflammation
is crucial in pathogenesis of asthma, inflammation control is primary goal of asth-
ma control [3]. Drug therapy includes bronchodilators, glucocorticoids and some-

www.jogh.org e doi: 10.7189/jogh.12.04100

1 2022 « VoL. 12 = 04100



https://creativecommons.org/licenses/by/4.0/legalcode

Wang et al.

times antibiotics. However, long-term use of above-mentioned drugs triggers plenty of adverse events. In ad-
dition to commonly used drugs, Vitamin D (VD) is currently considered to be very promising for its efficacy
and excellent tolerance.

VD receptor (VDR) is a transcription factor that affects expressions of thousands of genes. Besides its function
in mineral metabolism and skeletal health, it may play an important role in other functions, such as the phys-
iology of immune system, glucose metabolism and neurocognitive functions. [4,5] Airway epithelial cells and
immune cells in lung express VDR, and regulatory mechanism of the activity of 25(OH)D 1a-hydroxylase en-
zyme in lung is different from that in the kidney, which may lead to the increase of 1,25(OH)2D in the lung,
resulting in changes of immune regulation [6]. Some studies support the correlation between serum 25(OH)
D and the severity of COPD. In a meta-analysis consisting of 27 128 participants, the serum 25(OH)D level
is positively correlated with pulmonary function parameters, such as forced expiratory volume in one second
(FEV1) and forced vital capacity (FVC) [7]. As for COPD risk, severity, and exacerbation, a meta-analysis shows
anegative correlation with serum 25(OH)D levels [8]. Similar results have been observed in asthmatic patients
[9]. Therefore, serum 25(OH)D levels may affect asthma and COPD control. However, it remains largely un-
known whether VD supplementation can improve the disease state.

To date, the results of current meta-analysis of VD supplementation in controlling COPD and asthma are in-
consistent. Two new randomized controlled trials (RCTs) for COPD and seven RCTs for asthma are available.
Considering that VD supplementation may be a low-cost, low-risk method of controlling asthma and COPD,
we conducted the present meta-analysis and aimed to comprehensively investigate efficacy of VD in the treat-
ment of COPD and asthma control according to the latest update.

METHODS
Literature search

The PubMed, Embase, and Cochrane Library databases from their inception up to June 1, 2022 were inde-
pendently searched by two investigators (Y.H.W and J.W.). The term used for search strategy was (“COPD|Ti-
tle/Abstract]” OR “asthma [Title/Abstract]” AND “vitamin D[Title/Abstract]”).

Study selection

Trials were included if their participants were patients with COPD or asthma. Trials were considered to be eli-
gible if they compared VD supplementation at any dose with the placebo. Studies were included if they report-
ed one or more of the outcomes. Efficacy-related outcomes included length of hospital stay, mortality, FEV1,
FEV1/FVC, exacerbations, SGRQ (St. George's Respiratory Questionnaire) scores, mMRC (modified Medical
Research Council) dyspnoea scale scores, ACT (Asthma Control Test) scores, cytokines, IgE, and eosinophil
counts. Studies were excluded if they were reviews, conference abstracts, editorials or case reports. Studies
conducted on healthy people, animals or in vitro models were also excluded.

Data extraction and evaluation

To determine the eligibility of identified trials, the titles and abstracts were independently screened by two au-
thors (Y.H.W and J.W). Full texts were obtained when necessary. Any disagreements were resolved by a third
investigator (Y.C). A final consensus was reached among all investigators. The relevant data were independently
extracted by two investigators (Y.H.W and J.W), and the risk of bias was also assessed. The Cochrane assess-
ment tool was used to evaluate the quality of each included study.

VD deficiency was defined as serum 25(OH)D<20 ng/mL [10]. mMRC ranged from O to 4, with higher scores
indicating more severe dyspnoea. SGRQ scores decreasing at least four points in the total score were defined as
a clinically significant improvement in quality of life. An increase in ACT/CACT (Childhood Asthma Control
Test) value indicated better asthma control. The GOLD (Global Initiative for Chronic Obstructive Pulmonary
Disease) stage is an intuitive system for classifying COPD severity based on FEV1, ranging from I (FEV1 >80%)
to IV (FEV1<30%) [11].

Statistical analysis

All analyses were carried out using the Review Manager program, version 5.3. The heterogeneity of study re-
sults was assessed by the %* test, and the inconsistency was determined by the I* measure. Subgroup analysis
was used to explore possible causes of heterogeneity among study results. Mean differences (MD) and standard-
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ized mean differences (SMD) were used for continuous
variables, while odds ratios (ORs) were used for di-
chotomous variables. Der Simonian-Laird random-ef-
fects (* test P<0.10) or Mantel-Haenszel fixed-effects
(¢ test P>0.10) model was used for ORs, and 95%
confidence intervals (Cls) were used throughout the
meta-analysis. The significance of the pooled ratios was
determined by Z-test, and a P value of <0.05 was con-
sidered statistically significant. In present study, the
mean and standard deviation were calculated by esti-
mating the extreme value and quartile spacing accord-
—*| Animals studies n=601+ ing to the Cochran handbook and Wan’s method [12].

| Embase n=4034+« | Cochrane n=428+¢

4’| Duplications n=1856+
y

Titles and abstracts screened n=3908+«

| Pubmed n=1302+¢

A

4>| Conference abstract n~=1066 and Reviews n=824+«

»| Letter or short comment n=138+«

\4

Case Reports n=168

RESULTS

Included studies

A 4

In vitro studies n=485+«

Not related to treatment n=394«

A 4

A total of 3908 citations were identified from the three
databases by literature search after the duplications
were removed. Reviews, case reports, conference ab-

v

Full text articles screened n=232+«

stracts, and editorials, in vitro or animal studies were
4’| i o o s il excluded by reading the abstract, and 232 potential-
. ly relevant full-text articles were screened. Moreover,
Studies included n=30+ 139 articles were excluded due to the lack of control or
evaluation indicators [13-42]. Figure 1 illustrates the
Figure 1. Flowchart of the article selection process. detailed search and study selection process.

Study characteristics

Eleven RCTs consisting of 1183 COPD patients and 19 RCTs consisting of 2025 asthmatic patients were fi-
nally included in the present meta-analysis. Nine RCTs of asthma were for children. Table 1 and Table 2 list
main characteristics of the studies included in analysis. The quality of RCTs was evaluated by the Cochrane
risk of bias tool, and results showed that the quality of these RCTs was high (Figure S1 in the Online Supple-
mentary Document).

Exacerbation

Number of patients with exacerbation for COPD and asthma

Figure 2 shows that the number of patients with exacerbation of COPD and asthma in the VD supplementa-
tion group was not different from the comparator group.

Number of exacerbations of asthma

Figure S2 in the Online Supplementary Document shows that the number of exacerbations of asthma in the
VD supplementation group was less compared with the comparator group, while there was no statistical dif-
ference (OR=0.73, P=0.06, ’=59%).

Pulmonary function

FEV1% change from baseline to end

Figure 3 shows that the VD supplementation group had a better recovery of FEV1% (OR=3.06, P=0.02,
F=100%). In the COPD and asthma subgroup analysis, there was no significant difference.

FEV1/FVC change from baseline to end

Figure S3 in the Online Supplementary Document shows that there was no significant difference in FEV1/
FVC changes between the VD supplementation group and control group from baseline to end (OR=3.02,
P=0.06, F=99%). In the COPD subgroup analysis, there was no significant difference either. In the asthma
subgroup analysis, the FEV1/FVC was significantly improved in the VD supplementation group (OR=4.33,
P=0.02, P=99%).
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vD placebo Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
6.6.1 asthma
Andujar-Espinosa 2020-6 months 1 a3 a 63 0.7% 306012, 76.76]
Arshi 2014- 24 weeks 4 G4 L} 66 3.3% 0.81[0.21,3.19] - 1T
Castro 2014-32 weeks 28 201 37207 13.49% 0.74[0.44,1.27] —=T
Dodamani 2019-6 months 0 15 2 19  07% 0.17[0.01,3.96) ¢
Forno 2020- 48 weeks 36 96 33 95 12.3% 1.15[0.63, 2.07] B
Jat 2020-9 months 44 125 3| 125 14.0% 1.24 0,73, 2.11] T
Jensen 2016-6 months g 11 T 11 2.0% 1.52[0.25,9.29] —
Majak 2011-6 months 4 24 i) 24 34% 0.24 [0.06, 0.90] E
Martineau 2015- 12 months 50 108 47 114 14.0% 1.23[0.72,2.09] T
Tachimoto 2016-6 months 1 54 1} 3/ 0T7% 1.99 [0.08, 50.25]
Thakur 2021-3 maonths 4 28 7 28 3.3% 0.50[0.13,1.949] e
Subtotal (95% CI) 779 774  68.2% 0.98 [0.76, 1.27] <
Total events 180 187

Heterogeneity: Tau®= 0.00; Chi*=1018, df=10{P=0.43); F= 2%
Testfor overall effect Z=017 (P =0.87)

6.6.2 COPD

Alavi Fournani 2019 - 6 months 4 32 8 31 3.58% 0.41[0.11,1.54] - = [

Khan 2017- 6 months 0 G0 4 60 0.8% 010[0.01,1.97) 4

Lehouck 2012-12 months a7 91 82 91 4.1% 2.3891[0.71,8.08] T
Martineau 20145 - 12 months 56 103 62 97 12.9% 0.67 [0.38,1.19] =

Rafig 2022- 12 months 52 74 a0 81 10.4% 1.47 [0.75, 2.86] (T
Subtotal (95% CI) 360 360 31.8% 0.90 [0.45, 1.77] e

Total events 199 206

Heterogeneity: Tau®= 0.29; Chi®= 8.95, df= 4 (P = 0.06), F=55%
Testfor overall effect Z=032 (P =0.75)

Total (95% CI) 1139 1134 100.0% 0.94 [0.72, 1.22] L
Total events 374 393
Heterogeneity: Tau®= 0.06; Chi*=19.20, df=15{P=0.20); F=22%
Test for overall effect: 2= 046 (P = 0.65)

Testfor subgroup differences: Chi*= 006, df=1 (P=0810.F=0%

0.01 01 10 100
Favours [V D] Favours [placeho]

Figure 2. Meta-analysis of vitamin D (VD) supplementation on number of patients with exacerbation of chronic obstruc-
tive pulmonary disease (COPD) and asthma.

VD placebo Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
2.17.1 COPD
Alavi Fournani 2019 - 6 months 095 1.88 32 049 122 3 B4% 046 [-0.32,1.24] e
Martineau 2015 - 12 months -04 163 122 -03 175 118 B.4% -0.10[0.53,0.33] T
Rafig 2017 - 6 months 021 425 19 346 805 24 56% -3.25[6.99 049 - T
Sanjari 2016 (13-8 days 192 412 39 156 286 42 6.2% 3.60([2.04,5.16] -
Sanjari 2016 ()-8 days 17.8 4 39 156 286 42 6.2% 2.20[0.68,3.72] I
Zendedel 2015 - 6 months 17 1.07 44 -24 169 44 6.4% 19.40[18.91, 20.09] 4
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Figure 3. Meta-analysis of vitamin D (VD) supplementation on FEV1% change from baseline to end.

Questionnaire and rating scale

Figure S4 in the Online Supplementary Document shows that there was no significant difference in mMRC
score changes between the VD supplementation group and control group from baseline to end. Figure S5 in
the Online Supplementary Document shows that the SGRQ score was significantly improved in the VD sup-
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Figure 4. Meta-analysis of vitamin D (VD) supplementation on mortality of chronic obstructive pulmonary disease (COPD).

PAPERS

plementation group (OR=2.97, P=0.02, F=72%). Figure S6 in the Online Supplementary Document shows
that the ACT score was not improved in the VD supplementation group.

Length of hospital stay

Figure S7 in the Online Supplementary Document shows that the length of hospital stay was not changed
in the VD supplementation group.

Mortality

Figure 4 shows that the mortality was not improved in the VD supplementation group.

Inflammatory markers

Figure S8 and Figure SO in the Online Supplementary Document show that the levels of IL-5 and Ig E were
decreased in the VD supplementation group (OR=-9.18, P=0.0004, ?=99%; OR=-100.85, P<0.00001,
P=0%). However, Figures S10-S12 in the Online Supplementary Document reveal that the levels of IL-6 and
IL-10, as well as eosinophil counts, were not significantly different between the VD supplementation group
and placebo group.

In subgroup analysis based on serum VD, the IL-10 level of the VD deficiency group was significantly increased
after the VD supplementation (OR=2.51, P<0.00001, ?’=32%). In VD sufficiency subgroup, there was no
significant change after the VD supplementation. Subgroup analysis of IL-5, IL-6 and IL-10 based on types of
diseases didn't show significant difference.

DISCUSSION

The present meta-analysis showed that VD supplementation had an effect on the control of certain indicators
related to COPD and asthma. VD supplementation might affect pulmonary function, especially the FEV1%
indicator. FEV1/FVC only improved in asthma. Quality of life and symptoms were improved only in COPD
patient with improvement of SGRQ scores. VD supplementation might improve immune function since IL-5
and Ig E were decreased and IL-10 was increased in VD deficiency group after VD supplementary.

VD deficiency has long been associated with upper respiratory tract infection, and the exacerbation of COPD
and asthma is also associated with infection [43]. Moreover, a cohort study has shown that smokers” symp-
toms, lung function, and airway wall thickness improve after the VD supplementation [44]. It is known that
cigarette smoking has a great effect on lung function and is also a risk factor for COPD. Therefore, it is rea-
sonable to believe that VD deficiency is associated with the exacerbation of COPD and asthma. Many studies
have reported that low VD levels are associated with the exacerbations of COPD and asthma. Therefore, many
studies have aimed to control asthma and COPD by VD supplementation. However, the outcomes are quite
different, and no convincing advice has been formed.

In our study with the latest reports, VD supplementation reduced the number of patients with exacerbations
of COPD and asthma, while it was not statistically significant. Moreover, the total number of exacerbations
decreased in the VD group (P=0.06).

To avoid the influence of different baseline values, we calculated the difference between the final value and
the initial value to compare the effect on pulmonary function parameters and the questionnaire rating scale.
We found that VD significantly improved FEV1%. FEV1/FVC also tended to improve especially in asthmatic
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patients. The questionnaire rating scale also showed that VD supplementation improved the quality of life. At
present, only SGRQ scores had a significant difference.

Cytokines are important markers of infection and immune status. IL-5 activation can lead to degranulation of
eosinophils and cytotoxin release (such as IL-6), which can cause damage to surrounding cells and tissues [45].
Targeting IL-5 and IL-6 pathways are research hotspots in the treatment of asthma [46,47]. As an important
anti-inflammatory cytokine, IL-10 is a promising candidate to control asthma [48]. In our present study, level
of IL-5 significantly decreased in the VD supplementation group. However, baseline of IL-5 was very high in
a trial consisting of 86 patients, leading to the significant decline of IL-5. The level of IL-6 decreased after the
treatment, while there was no statistical significance. There was a significant increase in IL-10 in VD-deficient
patients after the treatment, while the effect was not obvious in patients with VD sulfficiency. Besides IL-10,
we also analysed other indicators and found that VD supplementation did not affect the indicators no matter
the VD baseline level was higher or lower than 20 ng/mL.

It has been shown that a high serum level of total IgE and eosinophil counts are predisposing factors of allergic
asthma [49,50]. A study consisting of 100 children has shown that the VD level is negatively correlated with
serum IgE levels [51]. Besides, asthmatic children with serum level of 25(OH)D<24 ng/ml have higher eosin-
ophil counts and IgE levels [52]. In our present work, we found that there was a significant decrease in IgE,
while no significant change in eosinophil counts was observed.

There are many studies on relationship between VD and asthma or COPD, while the results are quite different.
These differences may be attributed to the reasons as follows. First, genetic variants in the VD pathway affect
serum levels of VD, thus affecting atopy and asthma [53]. Second, an experiment has shown that after the VD
supplementation, the level of serum 25(OH)D in patients with asthma and COPD increase slowly. Gene ex-
pression analysis shows that the metabolic capacity of VD decreased under such diseased condition [54]. An-
other research shows that even under seasonal oral VD supplementation, patients with a positive history of an
asthma attack in the previous 4 weeks present significantly lower serum 25(OH)D concentrations compared
with their peers with no disease exacerbation [55]. Therefore, VD deficiency in asthma and COPD may be a
chicken or egg story [56]. Third, studies have shown that plasma VD is also related to the content of unsatu-
rated fatty acids in blood, which is a possible regulatory pathway. It may also be the reason for poor outcomes
for single use of VD to control inflammation in some people [57]. Taken together, it is not very clear how VD
affects respiratory system. Genetic analysis has found that maternal 1721 genotype has an important influence
on the protective effects of prenatal VD supplementation against offspring asthma/recurrent wheeze [58]. Be-
sides, the acute wheeze-specific gene module shows a correlation with VD and asthma medication [59]. Some
studies have investigated the effect of VD supplementation on the mother with asthmatic history during preg-
nancy. It seems that sufficient serum 25(OH)D can reduce the risk of asthma in offspring born to asthmatic
mothers [60]. Except that, COPD reveals no impact of VD on known molecular pathways.

Considering the risk of fracture and metabolism, the International Osteoporosis Foundation recommends 600
IU VD per day in younger adults and 800 IU per day in older adults to reach a status with 25(OH)D levels of
20 ng/mL [61]. Based on current research, patients with asthma and COPD might be accompanied by low VD
status [8]. VD supplementation should be supplemented even if it had no significant effect on disease control.

Our study has several limitations. First, some trials included in this review differed in their definition of exac-
erbations. Some defined exacerbations as sustained worsening of symptoms and requiring drug intervention,
while others were defined according to the pulmonary function, such as FEV1. Second, the lack of original
data in the studies limited our analysis. We had to calculate some continuous variables based on the Cochran
handbook and published methods. Third, because of large differences in usage in clinical trials presented in
the included RCTs, the optimal dosage and duration of VD supplementation are yet unknown.

CONCLUSIONS

VD supplementation improved the indicators of asthma and COPD, especially in pulmonary function, SGRQ
scores, IL-5, IgE, and IL-10 (in serum VD deficiency group). Although the treatment effect was heterogeneous
across trials and might have been overestimated, VD supplementation was a low-cost, low-risk, promising
method to control asthma and COPD. More investigations are required to guide the dosage to achieve a bet-
ter effect.
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