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Supplementary file 1: Search strategy

1. PubMed

Access Date: 4 Jun 2021

Search strategy:

("vitamin d"[MeSH Terms] OR "ergocalciferols"[MeSH Terms] OR
"ergocalciferols"[MeSH Terms] OR "calcifediol"[MeSH Terms] OR
"cholecalciferol"[MeSH Terms] OR "vitamin d deficiency"[MeSH Terms] OR
"vitamin d"[Title/Abstract] OR "25 hydroxyvitamin d"[Title/Abstract] OR
"calcifediol”[Title/Abstract] OR "ergocalciferols”[Title/Abstract] OR
"cholecalciferol"[Title/Abstract] OR "vitamin d deficiency"[Title/Abstract]) AND
("china"[MeSH Terms] OR “china"[All Fields] OR "china s"[All Fields] OR
"chinas"[All Fields] OR "china"[MeSH Terms] OR "asian continental ancestry
group”[MeSH Terms] OR (“asian continental ancestry group”[MeSH Terms] OR
("asian"[All Fields] AND "continental”[All Fields] AND "ancestry"[All Fields] AND
"group”[All Fields]) OR "asian continental ancestry group”[All Fields] OR
"chinese"[All Fields] OR "chineses"[All Fields]))

Search Results: 5197

2. Web of Science
Access Date: 4 Jun 2021
Search strategy:

3 1 AND 2 2943
Databases= WOS, Time span=All years, Search language=Auto

2 TS= (China OR Chinese) 1094501
Databases= WOS, Time span=All years, Search language=Auto

1 TS=(vitamin D OR vitamin D deficiency OR 25-hydroxyvitamin D OR 116123
calcifediol OR ergocalciferols OR cholecalciferol)

Databases= WOS, Time span=All years, Search language=Auto
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3. EMBASE
Access Date: 4 Jun 2021

Search strategy:

18 (or2or3ordor5o0r60rl0or1lorl2orl3or14orl5)and(8or9 2308

or 16 or 17)
17 Chinese.ab,kw,ti,tw. 300585
16 China.ab,kw;ti,tw. 253237
15 cholecalciferol.ab,kw;ti. 4651
14 ergocalciferols.ab,kw;ti. 14
13 calcifediol.ab,kwti. 341
12 25-hydroxyvitamin d.ab,kw;ti. 17418
11 vitamin d deficiency.ab,kwi,ti. 23315
10  vitamin d.ab,tw;ti. 100329
9 China/ 235790
8 Chinese/ 66293
7 China/ep[Epidemiology] 8276
6 colecalciferol/ 22009
5 ergocalciferol/ 8796
4 calcifediol/ 9360
3 25 hydroxyvitamin D/ 23525
2 vitamin D deficiency/ 32391

1 vitamin D/ 81078




4. China National Knowledge Infrastructure (CNKI)

Access Date: 4 Jun 2021

Subject category: Medicine & Public Health

Sub-database: Journal articles, Dissertations

Search strategy:

(SU="4EZEZ D) AND (SU="SRZ" + "/KF" + " A" + "JAT" + "BUR" + "BLIL")
Search Results: 3783

5. WanFang
Access Date: 4 Jun 2021
Subject category: Medicine & Public Health

Sub-database: Journal articles, Dissertations

Search strategy:
R B ST (" 4EAE D) and ("BRZ" or "ZKSF" or M EE" or "YiAT" or "R or
"PLAL"))

Search Results:3594

6. VIP

Access Date: 4 Jun 2021

Subject category: Medicine & Public Health

Search strategy:

M=((4E4% DY) AND (“BRE" or “KF" or "V or AT or "BLIR
"or "HLALT))

Search Results:2002



Supplementary file 2: Hierarchical Bayesian model and the code from

R software

1. The Hierarchical Bayesian model

Meta-analysis usually combines aggregated or individual results from several studies
to create a pooled, more precise estimate of an effect. Due to the hierarchical structure
(intra-study and between-study) of meta-analysis data, the hierarchical Bayesian
approach is often used in meta-analysis. Meanwhile, the Bayesian approach allows us
to account for uncertainty from the varying quality of data and borrow strength from
non-missing data, and MCMC sampling allows for inference in a high-dimensional,
constrained parameter space, while providing posterior estimation that allow
straightforward inference on the wide variety of functionals of interest.

In our meta-analysis, the outcomes of interest were the prevalence of vitamin D
(VitD) deficiency (<30 nmol/L, or < 12 ng/mL), VitD inadequacy (<50 nmol/L, or < 20
ng/mL), and mean serum 25(OH)D concentration (nmol/L).We use the Hierarchical
Bayesian models to estimate the pooled prevalence of VitD deficiency, inadequacy and
mean serum 25(OH)D concentration.

For the ith study which reported the dichotomous outcomes, the number of populations
with VitD deficiency/ inadequacy in the ith study followed the binomial distribution:
ri~binomial(n;, p;) 1)

Where n; was the total number of investigated population and pi was the true prevalence
of VitD deficiency/ inadequacy for the ith study.
The logit transformation of p; followed a normal distribution among studies:

0, =logit(p;)~normal(u, %) (2)
Where u was the mean of logit(pi) and 2 was the between-study variance.
ri and n; were extracted from each study, 6; , 1 and o were parameters estimated
from the model.

And we could estimate the pooled prevalence of VitD deficiency/ inadequacy and the
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corresponding 95% credible interval (Crl) through retransform the

prevalence =exp(u) /(1 + exp(u)) 3)

For the ith study which reported the mean of VitD concentration (mean;), mean;
followed a normal distribution:

mean;~normal(6;, $;%) (4)
Where 6; was the true value of the VitD concentration in the ith study and S; was
standard error of the estimated mean;.
0; followed a normal distribution among studies:

0;~normal(u, o) (5)

Where u was the pooled mean of the vitamin D concentration and o2 was the
between-study variance.
The mean; and se; were extracted or calculated from each study, 6;, u and o2 were
parameters estimated from the model.
The hierarchical model also called the random-effect model or mixed-effect model. In
the above models, (1) and (4) were the within-study component of hierarchical model,
(2) and (5) were between-study component, the study-specific and the pooled

parameters can estimate from the hierarchical model.

2. The Hierarchical Bayesian meta-regression model

2.1 Study-level covariates
To assess the effects of sampling frame, latitude, urbanization, season, assays for serum

25(0OH)D on the outcomes (prevalence of VitD inadequacy and mean concentration of
VitD), we constructed the Hierarchical Bayesian meta-regression model for each study-
level covariate separately.

In the within-study level, the models were the same as formula (1) or (4).

In the between-study level, let X; stand for the vector of covariates of the ith study and
a stand for the constant term. 6; was the true value of logit transformation of
prevalence of VitD inadequacy, or true value of the vitamin D concentration from the

ith study, and a+ X predict the 6; with residual variance, which followed a normal
7



distribution:

0; = a; + X BpXpi (6)

a;~normal(u, o?) (7)
The model included the random intercept and fix effect of the slope. From the model,
we obtained the pooled prevalence of VitD inadequacy or mean concentration in each
level of the specific covariate and the ratio or difference between two levels of the
specific covariate.
For “sampling frame”, we specified x1=1 as the study sampled with province or city
level, x2=1 as the study sampled with county level, and the study sampled national
wide as the reference (constant).

Table A. Data structure of VitD inadequacy with the study-level covariate

Study(i) Sampling frame X1 X2i Ni ri
1 National 0 0
Province or
2 1 0
City
3 County 0 1
4 0

When estimated the prevalence of VitD inadequacy, according to formulas (1), (6),
(7), we obtained the pooled prevalence of VitD inadequacy when studies sampled

from National, Province or City, County respectively:

Prevalence (National) =exp(1) /(1 + exp(u)) (8)
Prevalence (Province or City )=exp(u + £1)/(1 + exp(u + ;1)) 9)
Prevalence (County )=exp(u + £,)/(1 + exp(u + )) (10)

And the Odds Ratio:
Odds Ratio (Province or City vs. National) =exp(f1) (11)
Odds Ratio (County vs. National) =exp(f-) (12)
Odds Ratio (Province or City vs. County) =exp(f1-f2) (13)



When estimate the mean concentration, according to the formulas (4), (6), (7), we can
obtain the pooled mean concentration of VitD inadequacy when studies sampled from

National, Province or City, County respectively:

Mean concentration (National)=u (14)
Mean concentration (Province or City )=u + (15)
Mean concentration (County )=u + £, (16)

And the difference of concentration (nmol/L):

Difference (Province or City vs. National) =41 a7
Difference (County vs. National) =4 (18)
Difference (Province or City vs. County) =41.5> (19)

If the 95%Crl of the effect size (odds Ratio or difference) estimated from the HB
meta-regression models included the null effect size of 1 or O, then this covariate was

not considered as the factor causing the heterogeneity of studies.

The same calculation process was applied for other covariates. And the specifications
for other study-level covariates were as follow:

For “latitude”, x1=1 indicated the study sampled from north areas only, x2=1
indicated the study sampled from both the south and north areas, and the study
sampled from south areas only as the reference (constant). For “urbanization”, x1=1
indicated the study sampled from rural areas only, x2=1 indicated the study sampled
from both urban and rural areas, and the study sampled from urban areas only as the
reference (constant). For “season”, x1=1 indicated the VitD measured during summer-
autumn, x2=1 indicated the VitD measured covering at least a whole year, and the
VitD measured during winter-spring as the reference (constant). For “assays”, x1=1
indicated the VitD measured using the ELISA (Enzyme-linked immunosorbent
assays), x2=1 indicated the VitD measured using the ECLIA
(Electrochemiluminescence immunoassay), x3=1 indicated the VitD measured using
CLIA (Chemiluminescent assay) ,x4=1 indicated the VitD measured using the RIA
(Radioimmunoassay) ,and the chemical assays including HPLC (High-performance

liquid chromatography) and LC-MS/MS (Liquid chromatography coupled with mass
9



spectrometry) as the reference (constant).

2.2 Sex difference and Age trend

We could extract the sex-specific or age-specific outcomes from most of the included
studies, but few studies provided the sex- and age-specific outcomes. As a result, we
constructed the Hierarchical Bayesian meta-regression model for sex-specific and age-
specific outcomes separately.

Table B listed the data structure of the sex-specific VitD inadequacy. Each row indicated
a study-sex group, and sex=0 indicated male and sex=1 indicated the female.

Table B. Data structure of the sex-specific VitD inadequacy

Study-sex(ij) Study(j) Sexij Nij Fij
1 1 1
2 1 0
3 2 1
4 2 0

In the ij study-sex group, rij followed the binomial distribution:
ri~binomial(n;;, p;;) (1)
The logit transformation of pjj, which was the 6;; followed a normal distribution

among studies. We constructed a linear relationship with sex:

Hl'j = a]- + ,BjSexl-j (20)
aj~normal(iy, 02) (21)
B;~normal(ug, o) (22)

If we added the study-level covariate into the model above, the formula (21) was

modified as:
aj~normal(u, + X B, Xp;,04) (23)

We obtained the pooled prevalence of VitD inadequacy for male and female
respectively:
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Prevalence (Male)=exp(uy)/(1 + exp(uy)) (24)
Prevalence (Female)=exp(uqtpg)/ (1 + exp(uatug))  (25)
And the Odds Ratio:

Odds Ratio (Female vs. Male)=exp(uz) (26)

The age trend analysis was conducted only for children and adolescents (age < 18years),

and older people(age >60 yeas) .Table C display the data structure of the age-specific

VitD inadequacy. Each row indicated a study-age group, and the mid-point values of
each age group were used as continuous variables to construct a linear trend HB model.

Table C. Data structure of the age-specific VitD inadequacy(children)

Study-age(ij) Study(j) Ageij Nij Fij
1 1 3
2 1 4
3 1 5
4 2 4

The regression model for age was similar as for sex.

In the ij study-age group, rij followed the binomial distribution:
ri~binomial(n;;, p;;) (1)
The logit transformation of pjj, which was the 6;; followed a normal distribution

among studies, and we constructed a linear relationship with age:

aj~normal(iy, 02) (21)
B;~normal(ug, o) (22)

Then we used the estimated prevalence of VitD inadequacy of ages from 1 to 18, or

60 to 90 to draw the age trend plot.

Prevalence (Agey) =exp(uq+ugAger)/(1 + exp(uatugAgey))  (28)
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Where k=1 to 18 for children and adolescents, and k=60 to 90 for older people.
If we added the study-level covariate into the above model, the formula (21) was

modified as:
aj~normal(u, + X BpXp;,04) (23)

And then we could draw the age trend of VitD inadequacy for each level of the

covariate respectively.

For the mean concentration of VitD, the sex or age HB regression models were similar
with the regression of prevalence of VitD inadequacy, except for the within study-sex

or study-age group distribution:

mean;;~normal(0;;, 0;;%) 4)

3. Parameter Estimation

All HB models were fitted with the Markov chain Monte Carlo (MCMC) algorithm and
Gibbs sampling to estimate the posterior distribution of the outcomes. Non-informative
prior was specified for all the parameters. The uncertainty intervals (or Crl) represent
the 2.5-97.5 percentiles of the posterior distribution of the estimation. Inferences were
based on 5000 iterations, and the first 2500 of which were used as burn-in. All the
hierarchical Bayesian analyses were performed using the “R2jags” package of R

software (version 4.0.3). In the BUGS model, normal distribution was written as mean

.. 1 . .
and precision 72 = = which was not the variance o2 .

4. Code of “R2jags” package from R software

The codes from R in our study were displayed below for the analysis of prevalence of
vitamin D deficiency, inadequacy, and sufficiency, the codes for the analysis of VitD
concentration were omit.

4.1 Prevalence of VitD deficiency/inadequacy/sufficiency without covariates

12



# write bugs model in R as a function

bayesmodel.1<-function(){

for (i in 1:N){ # N, the number of studies
r[i] ~ dbinom (p[i], n[i]) # data model
logit(p[i])<-y[i] # the logit transformation for p
}
for (i in 1:N){
y[i] ~ dnorm (mu, tau) # hierarchical model for y
}
tau <- pow(sigma, -2) # tau = 1/sigma”2
mu ~ dnorm (0.0, 1.0E-6) # noninformative prior on mu
sigma ~ dunif (0, 1000) # noninformative prior on sigma

prevalence<-exp(mu)/(1+exp(mu)) # the pooled prevalence
sigma2<-sigma*sigma
}
jags.params.1 <-c("mu","sigma2","p","prevalence")
set.seed(123)
jags.1 <- jags(data=list(N=length(data$Studyid),r=data$count,n=data$n),
inits=NULL, jags.params.1, n.iter=5000, model.file=bayesmodel.1)

#Where data was the dataframe of each outcome for children or adults, studyid was
the study identification for each study, count was the number of populations with
vitamin D deficiency/ inadequacy, n was the corresponding total number of
investigated populations.

#The forest plot was draw from the observational prevalence of each study and the

pooled prevalence of deficiency/inadequacy from the above model.

4.2 Prevalence of VitD inadequacy with study-level covariates

# write bugs model in R as a function

bayesmodel.2<-function(){

for (i in 1:N){ # N, the number of studies

r[i] ~ dbinom (p[i], n[i]) # data model

logit(p[i])<-y[i] # the logit transformation for p
}

for (iin 1:N){
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y[i] <-betaO[i]+betal*x1[i]+beta2*x2[i]

betaO[i] ~ dnorm (mu, tau) # hierarchical model for y
}
tau <- pow(sigma, -2) # tau = 1/sigma”?2
sigma ~ dunif (0, 1000) # noninformative prior on sigma
mu~ dnorm (0.0, 1.0E-6) # noninformative prior on mu
betal~ dnorm (0.0, 1.0E-6) # noninformative prior on betal
beta2~ dnorm (0.0, 1.0E-6) # noninformative prior on beta2
P.0 <-exp(beta0)/(1+exp(beta0)) # the prevalence if x1==0&x2==0

P.1 <-exp(betaO+betal)/(1+exp(betaO+betal)) # the prevalence if x1==1
P.2 <-exp(betaO+beta2)/(1+exp(betaO+beta2)) # the prevalence if x2==1

OR.1 <-exp(betal) # the OR in x1=1 vs. x1==0&x2==0
OR.2 <-exp(beta2) # the OR in x2=1 vs. x1==0&x2==0
OR.2_1 <-exp(beta2-betal) # the OR in x2=1 vs. x1==1

sigma2<-sigma*sigma

}

jags.params.2 <-c("mu","betal","beta2","sigma2","p","P.0","P.1","P.2","OR.1",
"OR.2", "OR.2_1")

set.seed(123)

jags.2<- jags(data=list(N=length(data$Studyid),r=data$count,n=data$n,
x1=data$xl, x2=data$x2), inits=NULL, jags.params.2, n.iter=5000,

model.file=bayesmodel.2)

#The meta-regression with study-level covariates were applied in vitamin D
inadequacy only because of the limited number of studies for vitamin D deficiency.
#Where data was the dataframe of vitamin D inadequacy for children or adults,
studyid was the study identification for each study , count was the number of
population with vitamin D inadequacy, n was the total number of investigated

population, and x1,x2 were the indicator variables of the study-level covariate.

4.3 Sex-specific prevalence of VitD inadequacy
14



bayesmodel.3 <-function(){

for (i in 1:N){ # N, the number of study-sex groups
r[i] ~ dbinom (p[i], n[i]) # data model
logit(p[i])<-y[i] # the logit transformation for p

y[i] <- alpha[Study[i]]+beta[Study[i]]*sex[i]  # hierarchical model for y

}
for (j in 1:J){ # J, the number of study
alpha[j] ~ dnorm(mu.a,tau.a)
beta[j] ~ dnorm(mu.b,tau.b)

}

tau.a <- pow(sigma.a,-2) # tau.a = 1/sigma.a’2

tau.b <- pow(sigma.b,-2) # tau.b = 1/sigma.b”"2

sigma.a ~ dunif (0, 1000) # noninformative prior on sigma.a
sigma.b ~ dunif (0, 1000) # noninformative prior on sigma.b
mu.a ~ dnorm (0.0, 1.0E-6) # noninformative prior on mu.a
mu.b ~ dnorm (0.0, 1.0E-6) # noninformative prior on mu.b
P.male <-exp(mu.a)/(1+exp(mu.a)) # the prevalence for male
P.female <-exp(mu.a+mu.b)/(1+exp(mu.a+mu.b))  # the prevalence for female
OR <-exp(mu.b) # the OR for female vs. male

sigma.a2<-sigma.a*sigma.a

¥

jags.params.3<-c("mu.a","mu.b","sigma.a2","sigma.b","p","P.male","P.female","OR")
set.seed(123)

jags.sex <-jags(data=list(N=Ilength(data$Studyid),J=length(unique(data$Studyid)),
r=data$count,n=data$n,Study=data$Studyid,sex=data$sex), inits=NULL,

jags.params.3, n.iter=5000,model.file=bayesmodel.3)

#Where data was the dataframe of sex-specific vitamin D inadequacy for children or
adults, studyid was the study identification for each study , count was the sex-specific
number of population with vitamin D inadequacy in each study, n was the
corresponding number of investigated population, and sex=1 indicate female and

sex=0 indicate male.
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4.4 Age-specific prevalence of VitD inadequacy
bayesmodel.4<-function(){

for (i in 1:N){ # N, the number of study-age groups
r[i] ~ dbinom (p[i], n[i]) # data model
logit(p[i])<-y[i] # the logit transformation for p

y[i] <- alpha[Study[i]]+beta[Study[i]]*age[i]  # hierarchical model for y
}
for (j in 1:J){ # J, the number of study
alpha[j] ~ dnorm(mu.a,tau.a)
beta[j] ~ dnorm(mu.b,tau.b)

¥

tau.a <- pow(sigma.a,-2) # tau.a = 1/sigma.a’2

tau.b <- pow(sigma.b,-2) # tau.b = 1/sigma.b"2

sigma.a ~ dunif (0, 1000) # noninformative prior on sigma.a
sigma.b ~ dunif (0, 1000) # noninformative prior on sigma.b
mu.a ~ dnorm (0.0, 1.0E-6) # noninformative prior on mu.a
mu.b ~ dnorm (0.0, 1.0E-6) # noninformative prior on mu.b

OR <-exp(mu.b) # the OR every one year increased in age

sigma.a2<-sigma.a*sigma.a

}

jags.params.4 <-c("mu.a","mu.b","sigma.a2","sigma.b","p","OR")

set.seed(123)
jags.age<-jags(data=list(N=Ilength(data$Studyid),J=length(unique(data$Studyid)),
r=data$count,n=data$n,Study=data$Studyid,age= data $age), inits=NULL,
jags.params.4, n.iter=5000, model.file=bayesmodel.4)

#Where data was the dataframe of age-specific vitamin D inadequacy for children or
adults, studyid was the study identification for each study , count was the number of
population with vitamin D inadequacy in each age group, n was the corresponding
total number of investigated population, and age was the midpoint of age group from

each study.
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Table S1. Characteristics of the included studies

Supplementary tables

Study
ID

(1)

()

©)

(4)

()

(6)

(7)

(8)

(9)

First
Author
Yuyan
Jiang
Runxiao
Miao
Pengmei
Wu

Peng Shi

Jing Zhao

Jie Li

Wei Li

Xianghui
Liu

Yiya Liu

Year of
publication

2013

2016

2017

2016

2010

2016

2014

2016

2018

Season of
conduction

Unknown

Summer/Autumn

Both

Summer/Autumn

Winter/Spring

Summer/Autumn

Winter/Spring

Unknown

Summer/Autumn

Province

Guangxi

Hebei

Guangdong

Beijing

Beijing

Beijing

Sichuan

Qianghai

Guizhou

South or
North

South

North

South

North

North

North

South

North

South

Urban or
Rural

Rural

Rural

Urban

Urban

Rural

Rural

Urban

Both

Rural

Assays

ELISA

LC-MS/MS

LC-MS/MS

ECLIA

ELISA

ECLIA

ECLIA

ELISA

LC-MS/MS

17

Population
Setting

School

School

Community

School

School

School

Kindergarten

community

School

Sampling method

cluster random
sampling
stratified random
sampling
simple random
sampling

stratified cluster random

sampling
two-stage cluster
random sampling
two-stage cluster
random sampling

stratified cluster random

sampling
stratified random

sampling
stratified random

sampling

Population

Children and
Adolescents
Children and
Adolescents

Children

Children and
Adolescents
Children and
Adolescents
Children and
Adolescents

Children

Children

Children and
Adolescents

Sample
size
M: 265;

F. 247
M: 364;

F: 356
1 687;
599
286;
278
213;
168
293;
283
404;
349

mEnm T oo <

Total: 869

M: 851;
F: 891

Age
(Years)

6-13

6-16

0-6

6-13

7-11

6-13

3-6

0-6

6-17



(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

Jing Zhou

Chunxia
Cui

Yan Li

Jinhong
Sun
Jingjun
Zhao
Liping
Meng
Xianghui
Liu
Yuqi
Wang
Qian
Zhang
Qigin
Feng
Xiaolian
Xie

Yifu He

Yanheng
Luo

2015

2016

2017

2015

2016

2011

2016

2012

2016

2018

2020

2017

2020

Winter/Spring

Summer/Autumn

Summer/Autumn

Both

Summer/Autumn

Unknown

Summer/Autumn

Winter/Spring

Summer/Autumn

Summer/Autumn

Summer/Autumn

Summer/Autumn

Summer/Autumn

Hainan

Inner

Mongolia

Guangxi

Hebei

Shaanxi

Shaanxi

Qinghai

Hebei

National

Hainan

Ningxia

Hunan

Guangdong

South

North

South

North

North

North

North

North

Both

South

North

South

South

Rural

Rural

Rural

Urban

Rural

Rural

Both

Urban

Rural

Rural

Urban

Urban

Urban

LC-MS/MS

RIA

HPLC

ELISA

HPLC

RIA

ELISA

ELISA

LC-MS/MS

LC-MS/MS

ELISA

ECLIA

ELISA
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School

School

School

School

School

community

community

Kindergarten

School

School

School

Kindergarten

School

stratified cluster random
sampling
stratified cluster random
sampling
stratified cluster random
sampling
cluster random
sampling
stratified cluster random
sampling
Probability proportional
sampling
stratified random
sampling
cluster random
sampling
stratified cluster random
sampling
stratified cluster random
sampling
statified cluster random
sampling
stratified cluster random
sampling
stratified cluster random

sampling

Children and
Adolescents
Children and
Adolescents
Children and
Adolescents
Children and
Adolescents
Children and
Adolescents

Children

Children

Children

Children and
Adolescents
Children and
Adolescents
Children and
Adolescents

Children

Children and
Adolescents

1 275;
286
180;
179
859;
814
149;
118
564,
505
: 206;
F: 216
M: 113;
F: 117
M: 146;
F: 155
M: 5448;
F:5312
M: 309;
F: 325
M: 768;
F: 847
M: 1494;
F: 1378
M: 235;
F:174

EmTnZnZ ool

6-15

6-15

6-14

10-12

6-17

0-3

0-7

5-19

6-15

6-18

3-5

7-14



(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

Xuchen
Meng
Xinyi
Wang

Jing Li

Haibo Li

Yan Liu

Xueqgin
Du
Huaqi
Zhang

Pei Xiao

Zhaoxie
Tang

L. H. Foo
Mark A.

Strand

Jie Wang

2020

2017

2018

2020

2018

2001

2014

2020

2020

2009

2009

2015

Unknown

Winter/Spring

Summer/Autumn

Both

Both

Both

Winter/Spring

Both

Summer/Autumn

Unknown

Summer/Autumn

Summer/Autumn

Chongqing

Liaoning

Ningxia

National

National

Beijing
Heilongjian

g

National

Guangdong

Beijing

Shanxi

Guizhou,
Yunnan,
Shanxi

South

North

North

Both

Both

North

North

Both

South

North

North

Both

Urban

Urban

Urban

Both

Both

Both

Urban

Both

Urban

Urban

Rural

Rural

ECLIA

ECLIA

ELISA

CLIA

LC-MS/MS

CPBA

HPLC

CLIA

EIA

RIA

RIA

RIA

19

multi-stage stratified

School )
random sampling
stratified cluster random
School )
sampling
multi-stage stratified
School )
random sampling
multi-stage stratified
School )
random sampling
multi-stage stratified
School cluster random
sampling
stratified cluster random
School )
sampling
stratified cluster random
School )
sampling
stratified cluster random
School )
sampling
multi-stage cluster
School .
random sampling
cluster random
School )
sampling
. multi-stage cluster
Community .
random sampling
. probability proportional
Community

sampling

Children and
Adolescents
Children and
Adolescents
Children and
Adolescents
Children and
Adolescents

Children and
Adolescents

Girls

Children and
Adolescents
Children and
Adolescents
Children and
Adolescents

Girls

Children

Children

M: 97;
F:97
M: 82;
F:92
M: 756;
F: 826
M: 5517;
F:5179

M: 291,
F. 272

F: 229

M: 832;
F: 656
M: 3057,
F: 3034
M: 1340;
F: 1340

F:323

M: 95;
F:. 84

M: 711,
F: 659

12-16

6-18

6-18

7-12

12-14

7-11

6-18

7-18

15

1-2

0-3



(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

Yanhong
Li

Yichun
Hu

Xirui
Wang

Xiaoyun
Shan

Xianfeng
Zhao

Yanhong
Li

Jingjun
Zhao

Hong
Cheng
Xirui

Wang

Yanjuan
Wang

2018

2017

2020

2021

2010

2019

2020

2021

2020

2019

Summer/Autumn

Both

Winter/Spring

Winter/Spring

Winter/Spring

Summer/Autumn

Summer/Autumn

Winter/Spring

Winter/Spring

Summer/Autumn

Yunnan

National

Shanghai

Hebei,
Zhejiang,
Guangxi
Sichuan,

Gansu,

Shaan xi

Yunnan

Shaanxi

Beijing

Shanghai

Jiangsu

South

Both

South

Both

Both

South

North

North

South

North*

Rural

Both

Urban

Both

Rural

Rural

Rural

Both

Urban

Urban

CLIA

RIA

LC-MS/MS

LC-MS/MS

RIA

CLIA

LC-MS/MS

CLIA

LC-MS/MS

LC-MS/MS

20

Community

Community

Kindergarten

School

Community

Community

School

School

Kindergarten

Kindergarten
and

Community

stratified cluster
sampling
multi-stage stratified
proportional random
cluster sampling
cluster random

sampling

multi-stage cluster

random sampling

multi-stage cluster

random sampling

multi-stage stratified
cluster random
sampling
multi-stage stratified
cluster random
sampling
stratified cluster random
sampling
stratified cluster random
sampling

cluster random
sampling

Children

Children and
Adolescents

Children

Children and
Adolescents

Children

Children

Children and
Adolescents

Children and
Adolescents

Children

Children

M: 245;
F: 693

M: 7288;
F: 7185

M: 185;
F: 166

M:1929;
F:1879

M: 110;
F: 89

M: 604,
F 575

M: 1507;
F: 1456

M: 5949;
F:6011
M: 185;
F: 166

M: 61;
F: 47

0.5-2

6-17

3-6

6-17

2-5

0.5-2

6-17

6-16

3-6

2-6



(45)

(46)

(47)

(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

(56)

Mi Tian

Xinmei
Lin

Yetao Luo

Jingrong
Chen
Bingxiao
Liu

Ying Liu

Pianpian
Fan
Xiaomin
Fu
Qiao
Zhang

Shian Yin

Haipeng
Hui
Yong
Wan

2017

2021

2020

2021

2017

2010

2021

2015

2011

2010

2018

2014

Winter/Spring

Unknown

Unknown

Winter/Spring

Both

Winter/Spring

Winter/Spring

Unknown

Winter/Spring

Winter/Spring

Both

Winter/Spring

Chongging

Sichuan

Chongging

Chongging

National

Beijing

Sichuan

Beijing

Guizhou

Sichuan,
Gansu,
Shaanxi

Beijing

Sichuan

South

South

South

South

Both

North

South

North

South

Both

North

South

Rural

Rural

Both

Both

Rural

Urban

Both

Urban

Urban

Rural

Urban

Both

LC-MS/MS

LC-MS/MS

HPLC

LC-MS/MS

RIA

RIA

ELISA

ECLIA

RIA

RIA

ECLIA

ELISA

21

Kindergarten

Community

School

School

Community

Community

Community

Community

Community

Community

Community

Community

cluster random
sampling
stratified cluster random
sampling
stratified cluster random
sampling
stratified cluster random
sampling
multi-stage stratified
random sampling
cluster random
sampling
cluster random
sampling
stratified cluster random
sampling
cluster random

sampling

multi-stage stratified
random sampling

cluster random
sampling
cluster random

sampling

Children

Children

Children and
Adolescents
Children and
Adolescents

Women

Women

Women

Men

Adults

Women

Adults

Women

M: 155;
F: 130
M: 1056;
F: 1066
M: 93;
F: 75
M: 766;

F. 747

F: 1520

F: 400

F: 1394

M: 2292

M: 627;

F: 867

F:344

M: 222;

F:174

F: 291

3-6

6-12

6-17

18-44

60-85

29-95

40-79

20~79

15-44

20-44

64



(57)

(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

Yi Tang

Lichun
Huang
Shanrong
Lai

Wenjuan
Ma

Jing Liu

Xiaopeng
Li
Meina
Tian

Zhen
Cang

Yanling
Zhang
Guozhong
Miao

2016

2014

2017

2017

2018

2016

2016

2017

2014

2017

Winter/Spring

Summer/Autumn

Winter/Spring

Both

Both

Winter/Spring

Summer/Autumn

Both

Summer/Autumn

Unknown

Sichuan

Zhejiang

Fujian

Gansu

Gansu

Guangxi

Hebei

Shanghai,
Zhejiang,
Jiangsu,
Anhui and

Jiangxi

Shandong

Jiangsu

South

South

South

North

North

South

North

South

North

South

Both

Urban

Both

Both

Both

Both

Both

Both

Urban

Both

ELISA

RIA

ELISA

CLIA

CLIA

ELISA

RIA

CLIA

ELISA

ELISA

22

Community

Community

Community

Community

Community

Community

Community

Community

Community

Community

cluster random
sampling
multi-stage cluster

random sampling

stratified cluster random

sampling
multi-stage stratified

probability population

sampling
multi-stage stratified

probability population

sampling
multi-stage stratified
random sampling
multi-stage stratified
random sampling

multi-stage stratified
random sampling

cluster random
sampling
multi-stage stratified
random sampling

Women

Children and
Adolescents, Adults
Children and
Adolescents, Adults

Adults

Adults

Adults

Children and
Adolescents, Adults

Adults

Adults

Adults

F: 376

M: 223;

F: 218
M: 647,
F: 538

M: 4740;
F: 6417

M: 4740;
F: 6417

M: 308;
F: 327
M: 825;
F: 850

M: 5120;
F: 7542

M: 397;
F: 847
M: 171,
F: 197

30-90

8-68

18-79

18-79

>18

55

20-82



(67)

(68)

(69)

(70)

(71)

(72)

(73)

(74)

(75)

(76)

(77)

Yanling
Zhang
Yanying
Guo

Yun Chen

Mingchen
Zhang

Mingchen
Zhang

Xiaohui
Zhou

Fangfang
Zhu
Haiyang
Zhao

Ling Lu

Jing Zhao

Hankui Lu

2014

2015

2018

2015

2014

2012

2014

2014

2009

2011

2012

Summer/Autumn

Summer/Autumn

Unknown

Summer/Autumn

Summer/Autumn

Summer/Autumn

Winter/Spring

Unknown

Winter/Spring

Unknown

Winter/Spring

Shandong

Xinjiang

Jiangsu

Xinjiang

Xinjiang

Xinjiang

Jiangsu

Shanghai

Beijing,
Shanghai

Beijing

Shanghai

North

North

South

North

North

North

South

South

Both

North

South

Both

Urban

Both

Both

Both

Both

Both

Urban

Both

Urban

Urban

ELISA

ECLIA

ELISA

ECLIA

ECLIA

ELISA

ELISA

LC-MS/MS

RIA

ECLIA

ECLIA

23

Community

Community

Community

Community

Community

Community

Community

Community

Community

Community

Community

stratified random
sampling
cluster random
sampling
multi-stage cluster
random sampling
multi-stage stratified
cluster random
sampling
multi-stage stratified
cluster random
sampling
multi-stage stratified
cluster random
sampling
multi-stage cluster
random sampling
simple random
sampling
mulit-stage stratified
random sampling
mulit-stage stratified
random sampling
cluster random

sampling

Adults

Adults

Adults

Adults

Adults

Adults

Women

Adults

Adults

Women

Adults

M: 562;
F: 1220
M: 563;
F: 1295
M: 171;
F: 197

M: 581,

F: 364

M: 380;
F: 548

M: 813;
F: 916

F: 1726

M: 120;
F:128
M: 1443;
F: 1819

F: 1724

M: 649;
F: 1939

40-75

18-84

19-95

30-75

30-75

>30

40-90

50-75

47-108

20-89



(78)

(79)

(80)

(81)

(82)

(83)

(84)

(85)

(86)

(87)

(88)

Minfang
Tao

Hao Peng

Conghui
Guan

Donghu
Zhen

Xiaoyu
Feng

M. Li

C. Gao

Jing Chen

Wei Zhu

Danting
Li

Fang Fang

2013

2013

2014

2015

2016

2016

2017

2017

2018

2018

2018

Winter/Spring

Winter/Spring

Summer/Autumn

Summer/Autumn

Unknown

Both

Both

Both

Unknown

Both

Summer/Autumn

Shanghai

Jiangsu

Gansu

Gansu

Shandong

National

Shanghai

National

Shanghai

Sichuan

Tianjin

South

South

North

North

North

Both

South

Both

South

South

North

Urban

Both

Urban

Urban

Urban

Both

Urban

Both

Urban

Both

Both

ECLIA

ELISA

EIA

EIA

ELISA

CLIA

ECLIA

RIA

ELISA

HPLC

CLIA

24

Community

Community

Community

Community

Community

Community

Community

Community

Community

Community

Community

cluster random
sampling
multi-stage cluster
random sampling
multi-stage stratified
probability population
sampling
multi-stage stratified
probability population
sampling
stratified random
sampling
stratified random
sampling
cluster random
sampling
multi-stage stratified
probability population
sampling
cluster random
sampling
stratified cluster random
sampling
stratified cluster random

sampling

Women

Women

Adults

Adults

Adults

Adults

Women

Adults

Adults

Adults

Adults

F: 1382

F: 1726

M: 2902;
F: 7136

M: 2902;
F: 7136

M: 310;
F: 376
M: 500;
F: 936

F: 2551

M: 2948;
F: 3066

M: 164;
F:344
M: 566;
F: 948
M: 762;
F: 1052

20-85

>30

40-75

40-75

60-89

>15

55-69

>60

18-74

25-65

>18



(89)

(90)

(91)

(92)

(93)

(94)

(95)

(96)

(97)

(98)

(99)

(100)

Zhiwei
Xia
Zhongjian
Xie
Y. Yao

Tao
Huang
Xiaoning
Yan
Dongdong
Zhang

Jia Wei

Ling Liu

Jianhua
Jin
Xing Li
Qiushi
Wei

Feng
Chen

2019

2018

2019

2019

2019

2021

2019

2020

2015

2019

2015

2019

Unknown

Both

Both

Both

Winter/Spring

Summer/Autumn

Summer/Autumn

Both

Winter/Spring

Summer/Autumn

Summer/Autumn

Both

Beijing

National

Hainan

National

Shanxi

Henan

National

National

Zhejiang

Henan

Guangzhou

Liaoning

North

Both

South

Both

North

North

Both

Both

South

North

South

North

Urban

Both

Both

Both

Urban

Rural

Both

Both

Both

Rural

Urban

Urban

RIA

LC-MS/MS

RIA

CLIA

LC-MS/MS

ELISA

ELISA

ELISA

ECLIA

ECLIA

ECLIA

LC-MS/MS

25

Community

Community

Community

Community

Community

Community

Community

Community

Community

Community

Community

Community

cluster random
sampling
multi-stage stratified
random sampling
cluster random
sampling
multi-stage stratified
random sampling
stratified random
sampling
stratified cluster random
sampling
multi-stage stratified
cluster random
sampling
multi-stage stratified
cluster random
sampling
stratified cluster random
sampling
cluster random
sampling
simple random
sampling
random cluster

sampling

Adults

Women

Adults

Adults

Adults

Adults

Adults

Adults

Adults

Adults

Adults

Adults

M: 275;
F:510

F: 1684

M: 175;
F: 768
M: 6891;
F: 6674
M: 176;
F: 126
M: 789;
F: 925

M: 991,
F: 1189

M: 1197;
F: 1296

M: 186;
F: 326
M: 743;
F: 785
M: 122;
F: 188
M: 1239;
F: 2226

>60

65.4

>100

30-79

46

>18

>65

>65

40-75

18-79



(101)

(102)

(103)

(104)

(105)

Qianxuan
zi Chen
Zhongxia
Ren

Na Mi

Xiaowei
Chen

Yichun
Hu

2009

2020

2019

2017

2020

Unknown

Winter/Spring

Both

Winter/Spring

Both

Beijing

National

Qinghai

Zhejiang

National

North

Both

North

South

Both

Urban

Urban

Both

Rural

Both

ELISA

LC-MS/MS

CLIA

CLIA

ELISA

Community

Community

Community

Community

Community

random sampling

multi-stage cluster
random sampling
stratified cluster random
sampling

random sampling

multi-stage stratified
probability population
sampling

Women

Adults

Adults

Women

Women

F:614

M: 566;
F: 1100
M: 935;
F: 938

F: 486

F: 3251

45-81

>18

>18

>40

18-49

F: Female, M: Male. North and south were divided based on the Qinling Mountains-Huaihe River line boundary.

ELISA: Enzyme-linked immunosorbent assays; ECLIA: Electrochemiluminescence immunoassay; CLIA: Chemiluminescent assay; RIA: Radioimmunoassay;

HPLC: High-performance liquid chromatography; LC-MS/MS: Liquid chromatography coupled with mass spectrometry
*: The investigation site in this study was above Qinling Mountains-Huaihe River line boundary in Jiangsu province.
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Table S2. Risk of bias assessment of the included studies?

Study ID Representation® Sampling

@)
)
®3)
(4)
Q)
(6)
(")
(8)
)
(10)
(11)
(12)
(13)

External Validity

Internal Validity

No
No
No
No
No
No
No
No
No
No
No
No
No

Reliability Summary
Non Numerators
Random Data Case and Data Prevalence assessment
i response ) o o ) . and
selection collection definition validity of  collection period ) (score)
bias® denominators
study tool

Yes Yes No Yes Yes Yes Yes Yes Yes Low risk(8)
Yes Yes No Yes Yes Yes Yes Yes Yes Low risk(8)
Yes Yes No Yes Yes Yes Yes Yes Yes Low risk(8)
Yes Yes No Yes Yes Yes Yes Yes Yes Low risk(8)
Yes Yes No Yes Yes Yes Yes Yes Yes Low risk(8)
Yes Yes No Yes Yes Yes Yes Yes Yes Low risk(8)
Yes Yes No Yes Yes Yes Yes Yes Yes Low risk(8)
Yes Yes No Yes Yes Yes Yes Yes Yes Low risk(8)
Yes Yes No Yes Yes Yes Yes Yes Yes Low risk(8)
Yes Yes No Yes Yes Yes Yes Yes Yes Low risk(8)
Yes Yes No Yes Yes Yes Yes Yes Yes Low risk(8)
Yes Yes No Yes Yes Yes Yes Yes Yes Low risk(8)
Yes Yes No Yes Yes Yes Yes Yes Yes Low risk(8)
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(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)

No
No
No
No
Yes
No
No
No
No
No
No
No
Yes
Yes
No
No
Yes
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
No
No
No
No
No
Yes
Yes
No
Yes
No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Low risk(9)
Low risk(9)
Low risk(8)
Low risk(8)
Low risk(9)
Low risk(8)
Low risk(8)
Low risk(9)
Low risk(9)
Low risk(8)
Low risk(9)
Low risk(8)
Low risk(10)
Low risk(9)
Low risk(9)
Low risk(9)
Low risk(10)
Low risk(9)
Low risk(9)
Low risk(9)
Low risk(8)



(35)
(36)
(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)
(45)
(46)
(47)
(48)
(49)
(50)
(51)
(52)
(53)
(54)
(55)

No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
No
No
No
Yes
No
Yes
Yes
No
No
No
No
No
Yes
No
Yes
No
Yes
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Low risk(9)
Low risk(10)
Low risk(8)
Low risk(8)
Low risk(8)
Low risk(9)
Low risk(8)
Low risk(9)
Low risk(9)
Low risk(8)
Low risk(8)
Low risk(8)
Low risk(8)
Low risk(8)
Low risk(10)
Low risk(8)
Low risk(9)
Low risk(8)
Low risk(9)
Low risk(8)
Low risk(8)



(56)
(57)
(58)
(59)
(60)
(61)
(62)
(63)
(64)
(65)
(66)
(67)
(68)
(69)
(70)
(71)
(72)
(73)
(74)
(75)
(76)

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
Yes
Yes
No
No
Yes
No
No
No
No
Yes
Yes
Yes
No
No
No
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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2 The risk of bias of the included studies were evaluated by a tool by Hoy.

®: Yes: The study was a national survey. No: The study was province or county level.

¢ Yes: The response rate for the study was >75%,0r an analysis was performed that showed no significant difference in relevant demographic characteristics between
responders and non-responders;

No: The response rate was <75%, or if any analysis comparing responders and non-responders was done, it showed a significant difference in relevant demographic
characteristics between responders and non-responders, or haven't reported the response rate.
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Table S3. Parameters from HB meta-regression models for Vitamin D inadequacy (<

50 nmol/L)
Children and Adolescents Adults
Covariates \ Between-study \ Between-study
variance (6?) variance (6?)
Sampling frame
National 5 7
Province or City 20 1.5(0.9, 2.4) 29 1.9(1.2, 2.9)
County 14 7
Latitude
South 16 18
North 16 1.2(0.7, 1.9) 17 1.7(1.1, 2.7)
Both 7 8
Urbanization
Urban 14 16
Rural 17 1.6(1.0, 2.5) 4 1.8(1.1, 2.8)
Both 8 23
Season
Summer 18 11
Winter 11 13
Both 5 1.5(0.9, 2.6) 1 1.4(0.8, 2.3)
Unknown” 5 7
Assays
LC-MS/MS or HPLC 16 4
ELISA 7 14
ECLIA 4 10
CLIA 4 1.5(0.9, 2.4) 5 2.0(1.3, 3.3)
RIA 7 9
EIA” 1 1
CPBA” 0 0
Sex
Study-sex group 53 1.9(1.0 to 3.4) 59 1.5(0.9, 2.5)
Age (years)
Study-age group” 89 0.9(0.4, 1.8) 18 2.2(0.7,7.1)

N: Number of studies for each levels of the covariates. For sex or age, N is the number of study-sex or

study-age groups.

*: Categories with less than 3 studies and the “Unknown” category of season were not included in the

HB meta-regression model.

*: For adults, populations with age > 60 years old groups were included in the age trend model.
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Table S4. Parameters from HB meta-regression models for Vitamin

concentration (nmol/L)

Children and Adolescents

Adults

Covariates Between-study N Between-study
variance (o?) variance (o)
Sampling frame
National 4 4
Province or City 17  275.4(169.9,451.7) 24 185.2(108.4, 305.3)
County 15 6
Latitude
South 16 13
North 14  280.4(170.8,454.7) 16 181.1(108.1, 304.9)
Both 6 5
Urbanization
Urban 10 15
Rural 18  242.9(147.1,3988) 1" 180.8(106.7, 301.8)
Both 8 18
Season
Summer 15 9
Winter 1 23011307,3943) 0 153.1(80.6, 280.5)
Both 5 8
Unknown” 5 8
Assays
LC-MS/MS or HPLC 19 3
ELISA 4 13
ECLIA 5 5
CLIA 3 225.3(131.0, 386.6) 6 196.0(112.5, 336.3)
RIA 4 6
EIA 0 1
CPBA’ 1 0
Sex
Study-sex group 57  325.1(181.7,571.1) 47 178.0(102.3, 309.4)
Age (years)
Study-age group* 81  236.2(117.8,4445) 19  351.3(117.7, 940.9)

N: Number of studies for each levels of the covariates. For sex or age, N is the number of study-sex or

study-age groups.

*: Categories with less than 3 studies and the “Unknown” category of season were not included in the

HB meta-regression analysis.

*: For adults, populations with age > 60 years old groups were included in the age trend model.
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Supplementary figures

Figure S1. Forest plot for overall mean 25(OH)D concentrations of adults in

Mainland of China

Study N Mean(95%Crl)

Chen(2009) 614 31.2(30.2, 32.3) -

Liu ( 2010) 400 36.0(34.6, 37.4) -

Yin (2010) 344 42.5(40.0, 45.0) ——

Zhang (2011) 1494 51.0(49.9, 52.1) -
Zhao ( 2011) 1724 33.0(32.4, 33.6) -

Zhou (2012) 1729 21.6(21.0,22.1) ]

Tao (2013) 1382 51.8(50.9, 52.6) L]
Zhang (2014) 1244 40.9(40.9, 40.9) L]

Zhang (2014) 1782 48.8(48.0, 49.6) -

Zhao ( 2014 ) 248 34.3(32.2, 36.5) —_—

Fu {2015) 2202 44.2(43.4, 45.0) -

Guo (2015) 1858 41.2(40.4,42.1) -

Zhen (2015) 10038 41.0(40.8,41.3) u

Wei (2015 ) 310 26.1(25.3, 26.9) -

Tang ( 2016 ) 376 43.0(42.8,43.2) L]

Li (2016 ) 635 63.7(61.9, 65.4) -
Tian { 2016 ) 1675 52.6(51.5, 53.8) HH
Feng ( 2016 ) 686 56.2(55.0, 57.4) -
Li (2018) 1436 19.9(19.4, 20.3) .

Lai (2017) 1185 60.5(59.5, 61.4) -

Ma(2017) 11157 40.2(39.7, 40.6)
Cang (2017 ) 12662 40.5(40.3, 40.7)

Miao ( 2017 ) 368 29.4(28.0, 30.9) r-

Chen (2017) 6014 59.6(59.0, 60.2) -

Chen(2018) 368 29.4(28.0,30.9) -

Zhu (2018) 508 74.2(73.0, 75.5) -

Fang (2018) 1814 49.4(48.8, 50.1) .

Yao (2019) 943 56.9(55.4, 58.4) Y

Huang { 2019 ) 13565 63.7(63.3, 64.1) ]

Yan (2019 ) 302 41.4(39.8,42.9) -

Wei (2019) 2180 45.1(45.1, 45.1) .

Chen (2019) 3465 55.3(54.7, 56.0) .

Mi (2019) 1873  40.8(39.9, 41.6) -

Fan(2021) 1394 43.5(42.6, 44.4) -

Summary 88065 44.3(39.8, 48.7) | — | |
10 30 50 75 100

serum Vitamin D(nmol/L})

The forest plot was drawn from the observational mean concentration with 95%CI of each study and
the pooled mean concentration with 95%Cr| estimated from Hierarchical Bayesian model. N is the total
number of participants in the study. Thirty-five individual studies were included in this model. The
between-study variance (c2) estimated from the model was 175.3(104.6, 288.9).
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Figure S2. Forest plot for overall mean 25(OH)D concentrations of children and

adolescents in Mainland of China

Study

N Mean(95%Crl)

Du (2001)
Zhao (2010)
Zhao (2010)
Meng ( 2011 )
Wang (2012 )
Jiang (2013)
Li(2014)
Zhou ( 2015)
Wang ( 2015)
Miao ( 2016 )
Shi (2016 )
Li(2016)
Zhao (2016 )
Liu (2016 )

Zhang ( 2016 ) 10760

Tian ( 2016 )
Wu (2017 )

Li (2017)
Wang ( 2017 )
Tian ( 2017 )
Liu (2018)
Liu (2018 )
Liu (2018 )
Feng (2018 )
Liu (2018)
Wang ( 2019 )
Meng ( 2020 )
Li ( 2020)
Xiao ( 2020 )
Wang ( 2020 )
Zhao (2020 )
Xiao ( 2020 )
Wang ( 2020 )
Luo ( 2020 )
Lin (2021)
Chen (2021)
Summary

229 20.2(18.9, 21.4)
381 44.4(43.1,45.7)
189 46.9(41.6, 52.2)
244 74.6(71.4,77.8)
301 108.2(104.7, 111.7)
512 57.2(55.1, 59.2)
753 61.0(59.0, 63.0)
561 76.0(74.6,77.4)
538 68.1(66.4, 69.8)
720 41.5(40.5,42.4)
564 47.8(46.3, 49.2)
576 54.2(52.8, 55.6)

1069  41.8(40.7,42.8)

230 55.4(63.4, 57.4)
51.8(51.3, 52.3)
830 47.9(46.4, 49.4)

1286  35.4(34.8, 36.0)
1673 42.3(40.7,44.0)

174  40.2(38.7,41.8)
285  48.9(47.4,50.4)
710 50.0(49.0,51.0)
492  53.6(52.3, 54.8)
540  55.3(54.2, 56.5)
634  69.2(68.0,70.3)
563  37.5(35.9,39.1)
108 58.3(55.3,61.4)
194  38.0(36.3,39.7)

10686  39.3(39.3, 39.3)
6091 39.0(38.6, 39.4)

351 70.2(68.5, 72.0)

20683  55.5(54.7, 56.3)
10482  356(354, 35.8)

351  70.3(68.6,72.1)
168 40.4(38.9,41.9)

2122 616(60.9, 62.3)
1513 42.8(42.1, 43.6)
59863 52.2(46.7, 57.5)
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N is the total number of participants in the study. The forest plot was drawn from the observational
mean concentration with 95%CI of each study and the pooled mean concentration with 95%Crl
estimated from Hierarchical Bayesian models. Thirty-five individual studies were included in this
model. The between-study variance (c2) estimated from the model was 273.2(167.9, 449.3).
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Figure S3. Pooled prevalence of Vitamin D inadequacy (A) and overall mean 25(OH)D concentrations (B) of adults in Mainland of China

based on sex
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China based on sex

Figure S4. Forest plot for mean 25(OH)D concentrations of adults in Mainland of

Study N Mean{95%Crl)

Male

Zhang (2011) 627 52.0(50.1,53.9) -
Zhou (2012) 813 21.1(20.4, 21.9) L]

Feng (2016 ) 310 58.6(56.7, 60.5) -
Tian ( 2016 ) 825 56.0(54.3, 57.8) -
Zhao (2014 ) 120 35.6(33.2, 38.1) -

Zhen (2015) 2902 45.3(44.7,45.9) n

Wei ( 2019 ) 991 50.4(50.3, 50.5) [ ]
Fu(2015) 2202 44.2(43.4,45.0) L

Lai (2017 ) 847 62.4(61.0,63.8) -
Wei (2015 ) 122 27.2(25.8, 28.7) =

Guo (2015 ) 563 45.5(44.2, 46.8) -

Chen (2017 ) 2948 63.3(62.4, 64.2) L]
Zhu ( 2018 ) 164 74.5(72.3, 76.7) -
Li (2016) 308 66.9(64.3,69.4) -
Miao (2017 ) 171 29.0(26.8, 31.2) -

Ma ( 2017 ) 4740 41.5(40.9, 42.1) =

Cang (2017) 5120 43.2(42.8,43.6) u

Fang (2018) 762 53.4(52.5,54.4) u
Yao { 2019) 175 69.5(65.5, 73.6) —-—
Mi (2019) 935 42.2(41.0, 43.5) -

Yan (2019 ) 176 43.5(41.3,45.7) -
Summary 25711 47.7(42.8, 52.8) -
Female

Chen (2000) 614 31.2(30.2, 32.3) -

Liu ( 2010 ) 400 36.0(34.6, 37.4) -

Zhao (2011) 1724 33.0(32.4, 33.6) [

Zhang (2011) 867 50.2(48.8,51.7) -

Yin (2010 ) 344 42.5(40.0, 45.0) -

Zhou (2012) 916 22.0(21.2, 22.8) n

Tao (2013 ) 1382 51.8(50.9, 52.6) =
Feng (2016 ) 376 54.2(52.7,55.7) -
Tang ( 2016 ) 376 43.0(42.8,43.2) u

Tian ( 2016 ) 850 49.3(47.8, 50.9) -

Zhao (2014) 128  33.1(20.7, 36.5) -

Zhen (20156) 7136 39.2(38.8, 39.6) ]

Wei ( 2019 ) 1188 40.1(40.1, 40.1) =

Fan ( 2021) 1394 43.5(42.6, 44.4) n

Lai (2017 ) 538 58.2(56.8, 59.5) -
Wei ( 2015) 188 25.4(24.4, 26.3) [

Guo (2015 ) 1295 39.4(38.5,40.3) L]

Chen (2017 ) 3066 56.1(55.3, 56.9) =
Zhu (2018 ) 344 74.0(72.5, 75.5) -
Li (2016) 327 60.6(58.3, 63.0) -
Ma ( 2017 ) 6417 39.4(38.8, 40.0) =

Cang (2017) 7542 38.5(38.3,38.9) [

Fang (2018) 1052 46.5(45.6, 47.5) u

Yao (2019) 768 54.0(52.4, 55.5) -

Mi (2019 938 39.0(37.8, 40.2) -

Yan (2019 ) 126  38.4(36.2, 40.6) -
Summary -

40297 42.9(37.9, 48.1)
[

10 20 30 40 50 60 70 80 90
serum Vitamin D(nmol/L)

The forest plot was drawn from the observational mean concentration with 95%CI of each study. The
pooled mean concentration with 95%Crl was estimated from Hierarchical Bayesian models.
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Figure S5. Forest plot for Vitamin D inadequacy of adults in Mainland of China

based on sex

Study N Case Prevalence(95%Crl)
Male

Zhang (2011) 627 315 - 50.2(46.3, 54.2)
Lu (2012) 649 200 - 30.8(27.3, 34.4)
Feng (2016) 310 134 —- 43.2(37.7, 48.7)
Huang (2014) 119 24 —e 20.2(13.0, 27.4)
Tian (2016 ) 825 412 - 49.9(46.5, 53.4)
Zhen (2015) 2902 1859 - 64.1(62.3, 65.8)
Lai (2017) 647 132 - 20.4(17.3, 23.5)
Wei (2015 ) 122 25 — 20.5(13.3, 27.7)
Guo (2015) 563 374 —-— 66.4(62.5, 70.3)
Zhang (2015) 581 515 - 88.6(86.1, 91.2)
Zhang (2014 ) 380 250 —-— 65.8(61.0, 70.6)
Chen (2017 ) 2948 1005 - 34.1(32.4, 35.8)
Zhu ( 2018) 164 9 = 5.5(2.0, 9.0)
Zhang (2021) 789 371 - 47.0(43.5, 50.5)
Li (2016 ) 308 63 —a— 20.5(15.9, 25.0)
Miao (2017) 171 156 - 91.2(87.0, 95.5)
Liu (2018) 4740 3844 - 81.1(80.0, 82.2)
Cang (2017 ) 5120 3776 - 73.8(72.5, 75.0)
Fang ( 2018 ) 762 304 - 39.9(36.4, 43.4)
Yao (2019) 175 38 —-— 21.7(15.6, 27.8)
Xia (2019) 275 209 —-— 76.0(71.0, 81.0)
Ren ( 2020 ) 566 413 - 73.0(69.3, 76.6)
Yan ( 2019 ) 176 121 —- 68.8(61.9, 75.6)
Liu ( 2020) 1197 326 - 27.2(24.7, 29.8)
Summary 25116 14875 ———— 52.1(41.5, 62.7)
Female

Chen (2009) 614 567 - 92.3(90.2, 94.4)
Liu ( 2010) 400 340 — 85.0(81.5, 88.5)
Zhao (2011) 1724 1547 - 89.7(88.3, 91.2)
Zhang (2011) 867 467 - 53.9(50.5, 57.2)
Lu (2012) 1939 943 - 48.6(46.4, 50.9)
Feng (2016) 376 225 —-— 50.8(54.9, 64.8)
Huang (2014) 119 28 — 23.5(15.9, 31.2)
Liu ( 2017) 1520 588 - 38.7(36.2, 41.1)
Tang (2016) 376 289 —-— 76.9(72.6, 81.1)
Tian ( 2016 ) 850 483 - 56.8(53.5, 60.2)
Zhen (2015) 7136 5690 - 79.7(78.8, 80.7)
Fan (2021) 1394 1028 - 73.7(71.4,76.1)
Wan (2014) 291 199 —— 68.4(63.0, 73.7)
Lai (2017) 538 174 - 32.3(28.4, 36.3)
Wei (2015 ) 188 43 —- 22.9(16.9, 28.9)
Guo (2015) 1295 1020 - 78.8(76.5, 81.0)
Zhang (2015) 364 347 =  953(93.2,97.5)
Zhang (2014 ) 548 422 - 77.0(73.5, 80.5)
Chen (2017) 3066 1350 - 44.0(42.3, 45.8)
Zhu { 2018) 344 18 = 5.2(2.9, 7.8)
Xie (2018 ) 1684 1033 - 61.3(59.0, 63.7)
Zhang (2021) 925 488 - 52.8(49.5, 56.0)
Li (2016) 327 97 —- 29.7(24.7, 34.6)
Miao (2017) 197 182 = 92.4(88.7,96.1)
Gao (2017) 2251 816 - 36.3(34.3, 38.2)
Chen (2017) 486 330 —-— 67.9(63.8, 72.1)
Liu (2018) 6417 5283 = 82.5(81.6, 83.4)
Cang (2017 ) 7542 6394 . 84.8(84.0, 85.6)
Fang (2018) 1052 645 - 61.3(58.4, 64.3)
Yao ( 2019 ) 768 338 - 44.0(40.5, 47.5)
Hu (2020 ) 3251 2234 - 68.7(67.1, 70.3)
Xia (2019) 510 402 - 78.8(75.3, 82.4)
Ren(2020) 1100 930 - 84.5(82.4, 86.7)
Yan ( 2019 ) 126 95 —- 75.4(67.9, 82.9)
Liu ( 2020) 1296 703 - 54.2(51.5, 57.0)
Summary 51881 35748 | ————— ‘ 64.9(54.8, 74.2)

10 20 30 40 50 60 70 80 90
Prevalence of Vitamin D Inadequacy(%)

The forest plot was drawn based on the observational prevalence with 95%CI of each study. The pooled
prevalence with 95%Crl was estimated using Hierarchical Bayesian models.
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Figure S6. Estimated mean 25(OH)D concentrations of children and adolescents

in Mainland of China based on sex
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