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Prospective epidemiologic data on the association between vitamin D and mortality are limited, particularly in
Asian populations. Among subjects in Linxian, China, the authors aimed to test whether baseline serum 25-
hydroxyvitamin D (25(OH)D) concentrations in a prospective cohort were associated with all-cause mortality and
cause-specific mortality rates over 24 years of follow-up (1986—2010). Serum 25(OH)D concentrations were
measured in 1,101 subjects using an immunoassay. Hazard ratios and 95% confidence intervals were calculat-
ed using Cox regression models that were adjusted for age, sex, tobacco smoking, alcohol drinking, and hyper-
tension. The 25th, 50th, and 75th percentile concentrations of 25(OH)D were 19.6, 31.9, and 48.4 nmol/L,
respectively. During follow-up, 793 subjects died, including 279 who died of cerebrovascular accident, 217 who
died of cancer, and 200 cardiovascular disease deaths. All-cause mortality was not associated with 25(OH)D
concentrations using continuous models (for every 15 nmol/L, hazard ratio=1.01, 95% confidence interval:
0.97, 1.05) or quartile models (fourth vs. first quartiles, hazard ratio = 1.06, 95% confidence interval: 0.87, 1.30;
P for trend = 0.731). The authors also found no association with the cause-specific mortality outcomes. Results
were similar for men and women. This study showed that prediagnostic serum 25(OH)D concentrations were not
associated with all-cause or cause-specific mortality rates in this Chinese population who had low levels of

vitamin D.

cancer; cardiovascular diseases; China; mortality; vitamin D

Abbreviation: 25(0OH)D, 25-hydroxyvitamin D.

Vitamin D is a multifunctional hormone that is primarily
generated in the skin after exposure to ultraviolet B radia-
tion in sunlight. It can also be acquired from dietary supple-
ments and some foods, including fortified dairy products,
eggs, fish, liver, and a few plant foods. Vitamin D status is
generally assessed by measuring circulating concentrations
of 25-hydroxyvitamin D (25(OH)D) (1), which is convert-
ed into active 1,25(OH), vitamin D in the kidneys and
other sites.

Vitamin D has been hypothesized to reduce mortality,
and a recent meta-analysis of prospective cohort studies
suggested that high levels of circulating 25(OH)D were as-
sociated with a decreased risk of death (2). A meta-analysis
of randomized vitamin D supplementation trials suggested

that vitamin D decreased mortality mainly in elderly female
participants (3). The mechanisms by which vitamin D
might reduce mortality are not clear, although it may de-
crease the risk of chronic illnesses, including common
cancers, autoimmune diseases, infectious diseases, and car-
diovascular diseases (1).

Because of current lifestyle and environmental factors
that limit sunlight exposure, vitamin D deficiency may be
increasing (4) and may be a public health problem. Thus,
indicators of global health, such as mortality, in relation to
vitamin D status in different populations are of great inter-
est. Most epidemiologic studies on vitamin D and mortality
have been conducted in the United States and Europe; few
have been conducted in Asia. A recent meta-analysis
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reviewed only 1 study conducted in Asians, a cohort of
postmenopausal women in Japan (5).

In the present study, we examined the relation between
serum 25(OH)D and mortality in a cohort in Linxian, a
semi-arid mountainous area in north-central China at 36°N
latitude. This mainly rural population has some of the
highest rates of esophageal squamous cell carcinoma and
gastric cardia adenocarcinoma in the world. We previously
reported the vitamin D status in this cohort and found that
higher serum 25(OH)D concentrations were associated with
an increased risk of esophageal squamous cell carcinoma in
men but not in women, and no associations were detected
with gastric cardia adenocarcinoma or gastric noncardia ad-
enocarcinoma (6). Given that greater than 75% of the
cohort had an inadequate serum 25(OH)D concentration
(<50 nmol/L) (7), we estimated associations with all-cause
mortality and mortality due to specific causes, including
the 3 leading causes of death: cerebrovascular accident,
cancer (primarily upper gastrointestinal cancers), and car-
diovascular disease.

MATERIALS AND METHODS
Cohort population

Subjects were selected from the cohort of all participants
in the General Population Trial of Linxian, which has been
described previously (8, 9). Briefly, participants were
29,584 healthy adults aged 40-69 years from 4 Linxian
communes. In the spring (mid-March through May) of
1985, 1 year before the start of intervention, all participants
were interviewed and given a physical examination, and
each had 10 mL of blood drawn. The blood was stored on
ice for 3—6 hours, separated by centrifugation, aliquoted,
stored at —45°C for 3—4 days, and then stored at —85°C
until used. The intervention began in March 1986 and con-
tinued through May 1991; subjects who died before the
start of the intervention were excluded from the trial and
this cohort. On the basis of a partial factorial design,
subjects were randomly assigned to receive 1 of 7 vitamin-
mineral combinations or placebo. Vitamin D was not in-
cluded in any of the intervention combinations. Throughout
the trial period, village doctors performed active monthly
follow-up of all trial participants and recorded all deaths,
causes of death, and incident cancers. Such information
was also provided by local commune and county hospitals
and a study team that provided free clinical and diagnostic
services for patients with symptoms suggestive of esopha-
geal or gastric cancer. After the trial, information on
deaths, causes of death, and incident cancers was obtained
monthly from records of the village doctors. Both during
and after the trial intervention period, all causes of death
were evaluated and verified by a panel of Chinese experts,
as previously described (10). We obtained informed
consent from participants before trial enrollment. Through-
out the study, human subject protection procedures were
approved by the institutional review boards of the US
National Cancer Institute and the Cancer Institute of the
Chinese Academy of Medical Sciences.

Characteristics of Subcohort Subjects, by Serum 25-Hydroxyvitamin D Concentration Quartiles, Linxian, China, 1986-2010

Table 1.

Quartile of Serum 25-Hydroxyvitamin D Concentration

Overall Subcohort
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Table 2. Geometric Mean Serum 25-Hydroxyvitamin D Concentrations® in Subcohort Participants and Selected

Quantiles, by Cause of Death, Linxian, China, 19862010

No. of Subjects

Geometric Mean
25(0OH)D®, nmol/L

Quantile of Serum 25(OHD)
Concentration

25th 50th 75th

All subjects 1,101 31.7 19.6 31.9 48.4
Cause of death

Total 793 32.4 20.0 32.8 49.7

Cancer 217 30.7 18.3 32.7 48.6

UGl cancer 175 31.3 18.7 32.0 53.3

Cerebrovascular 279 32.8 20.2 33.9 49.6

Cardiovascular 200 32.4 20.3 31.7 48.7

Abbreviations: 25(0OH)D, 25-hydroxyvitamin D; UGI, upper gastrointestinal.
@ Concentrations are weighted by the age and sex sampling to reflect the distributions in the full cohort.
® Serum vitamin D distributions were skewed, so geometric means are presented.

Selection of participants for serum 25(0OH)D
measurements

Individuals were selected for serum measurements from
the cohort in our previous study of serum 25(OH)D

1.0

Quartiles

0.84

0.6+

Survival Distribution Function

0.4+

0.2

L) 1
0 5 10 15 20 25
Time, years

Figure 1. Survival curve for each quartle of serum 25-
hydroxyvitamin D concentration among subjects nested within the
General Population Trial of Linxian, China, 1986-2010. Log-rank
P=0.215. Cutpoints for quartiles 1-4 were <19.6, 19.6-31.8, 31.9—
48.3, and >48.4 nmol/L, respectively.
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concentration and risk of esophageal squamous cell carci-
noma, gastric cardia adenocarcinoma, and gastric noncardia
adenocarcinoma (6). Briefly, this previous analysis included
a stratified random sample (subcohort) of all trial partici-
pants, without regard to cancer outcome (n=1,105). The
strata were defined by sex and 3 age categories at the start
of intervention (<50 years of age, 51-60 years of age, and
>60 years of age). Of the 1,105 subjects, 1,101 (99.6%)
had data on vitamin D concentrations and death; we fol-
lowed them as a prospective cohort and applied age-
sampling strata in all analyses for the present study.

Serum 25(OH)D laboratory analysis

Serum 25(OH)D concentrations were determined in the nu-
trition laboratory of the Cancer Institute, Chinese Academy of
Medical Sciences as previously described (6) using the
OCTEIA 25-hydroxy vitamin D enzyme immunoassay (IDS,
Inc., Fountain Hills, Arizona). The coefficient of variation for
quality control samples of pooled serum was 16% (6).

Statistical analysis

The serum 25(OH)D concentrations in these subjects had
a skewed distribution (6), so we reported geometric means.
The mean values and quantiles were calculated using known
sampling weights from the General Population Trial cohort
for each individual in the study; therefore, the concentrations
here are estimates of the means and quantiles of the entire
General Population Trial cohort. Serum 25(OH)D concentra-
tions were analyzed as 1) a continuous variable with units
standardized to 15 nmol/L (approximately the central quartile
in the overall population distribution), 2) quartiles based on
the cohort distribution (<19.6, 19.6-31.9, 31.9-48.3, and
>48.4 nmol/L), and 3) predetermined, clinically defined cut-
points (<25, 25-37.4, 37.5- 49.9, 50-74.9, 75-99.9, and
>100) (1, 11, 12). Sex-specific quartile cutpoints were used
in sex-stratified analyses. We conducted additional stratified
analyses for age and body mass index and tested for effect
modification using interaction terms.



1046 Linetal.

Subjects were followed from the date of randomization
(March 1, 1986) until death or end of follow-up (December
31, 2010). None of the subjects were lost to follow-up. We
examined the association of serum 25(OH)D concentrations
with all deaths and 4 cause-specific categories: all cancer
deaths, deaths from upper gastrointestinal cancer, deaths
from cerebrovascular accidents, and deaths from cardiovas-
cular disease. These categories have been described previ-
ously (13). In analyses of cause-specific mortality, subjects
who died from all other causes were censored at time of
death. We estimated hazard ratios and 95% confidence in-
tervals using Cox proportional hazards models. All models
were stratified on the age sampling strata, and continuous
age was used to adjust for variation within each age
stratum. We retained sex, tobacco smoking, alcohol con-
sumption, body mass index, and hypertension data in all
models because those variables were a priori potential con-
founders. To examine the proportionality assumption, we
used models that allowed time-dependent relative risks and
found no significant violations of this assumption. We
tested for deviations from log linearity by adding quadratic
terms to the continuous models, and no statistically signifi-
cant quadratic deviations were found. All P values were

2-sided, and P <0.05 and confidence intervals that did not
overlap with 1 were considered statistically significant.

RESULTS

The characteristics of the study cohort are described in
Table 1. Over approximately 24 years of follow-up, there
were 793 deaths (72% of subjects), including 279 cerebro-
vascular accident deaths, 217 cancer deaths (including 175
upper gastrointestinal cancer deaths), and 200 cardiovascu-
lar disease deaths. Table 2 presents the serum 25(OH)D
geometric means and quantiles in the population overall
and stratified by total mortality and cause-specific mortality
categories. Approximately 73% (814 of 1,101) of the
subcohort had serum 25(OH)D concentrations generally
considered inadequate for bone and overall health
(<50 nmol/L) (7).

The survival curves by quartile of serum 25(OH)D con-
centration are presented in Figure 1 and show no differenc-
es (log-rank P =0.215). These curves do not consider the
potential impact of confounders. We present the multivari-
ate adjusted hazard ratios and 95% confidence intervals for

Table 3. Adjusted® Hazard Ratios and 95% Confidence Intervals for the Association Between Continuous
Serum 25-Hydroxyvitamin D Concentration® and Death, Linxian, China, 1986-2010

No. of Subjects 95% CI P Value P for Interaction

Total deaths 0.250
Overall 793 1.01 0.97,1.05 0.735
Men 479 0.99 0.94,1.04 0.700
Women 314 1.03 0.97,1.10 0.348

Cancer deaths 0.183
Overall 217 0.97 0.89, 1.05 0.406
Men 141 1.00 0.91,1.10 0.967
Women 76 0.88 0.75,1.03 0.115

UGI cancer deaths 0.346
Overall 175 0.97 0.88, 1.06 0.435
Men 114 0.99 0.89, 1.10 0.846
Women 61 0.90 0.75,1.07 0.229

Cerebrovascular deaths 0.701
Overall 279 1.05 0.98,1.12 0.141
Men 157 1.04 0.96, 1.13 0.337
Women 122 1.06 0.96, 1.17 0.277

Cardiovascular deaths 0.123
Overall 200 0.98 0.91, 1.06 0.678
Men 119 0.94 0.85, 1.04 0.223
Women 81 1.06 0.93,1.20 0.399

Abbreviations: Cl, confidence interval; HR, hazard ratio; UGI, upper gastrointestinal.

2 Qverall models were stratified by age and sex, with additional adjustment by separate continuous age
variables for each stratum as well as sex, hypertension, tobacco smoking, body mass index, and alcohol
consumption; models in women were not adjusted for smoking because less than 1% of women smoked

tobacco.

P Serum 25-hydroxyvitamin D concentrations were scaled to 15 nmol/L, approximately the central quartile in

the overall population distribution.

Am J Epidemiol. 2012;176(11):1043-1050
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Figure 2. Stratified analyses examining the association between serum 25-hydroxyvitamin D concentration (continuous, scaled to 15 nmol/L,
approximately the central quartile in the overall population distribution) and total mortality and cause-specific mortality by (A) age and (B) body
mass index (weight (kg)/height (m)?) among subjects nested within the General Population Trial of Linxian, China, 1986-2010. Models were
additionally adjusted for separate continuous age and body mass index variables, as well as sex, hypertension, tobacco smoking, and alcohol
consumption. P values for interaction terms are provided. Cl, confidence interval; HR, hazard ratio; UGI, upper gastrointestinal.

the association between continuous serum 25(OH)D con-
centration and mortality in Table 3. We found no sig-
nificant associations with total mortality or any of the
cause-specific mortality categories. The associations were
likewise null in men and women, and no significant interac-
tions between continuous serum 25(OH)D and sex were
seen. Similarly, in stratified analyses conducted for age and
body mass index, all confidence intervals overlapped, and

Am J Epidemiol. 2012;176(11):1043-1050

no significant interactions were observed (Figure 2). As
shown in Table 4, we found no clear association between
serum 25(OH)D concentrations in quartiles with total
deaths or any of the cause-specific death categories. The
associations were similarly null in men and women in the
quartile analysis (data not shown). Finally, we examined
serum 25(OH)D concentrations in categories determined by
clinically defined cutpoints and found no associations with
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information (10). However, a weakness of our study is the
relatively narrow distribution of serum 25(OH)D concentra-
tions in our cohort. Furthermore, we had only a single mea-
surement of serum 25(OH)D concentrations, and this may
not adequately rank exposure status over long follow-up,
although analyses stratified at the midpoint of follow-up
(12 years) showed no difference in risk estimates (data not
shown). In summary, we found no association between
serum 25(OH)D concentrations and all-cause mortality or
cause-specific mortality risks in a Chinese population with
low levels of vitamin D.
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Appendix Table 1. Adjusted® Hazard Ratios and 95% Confidence Intervals for the Association Between Clinically Defined Cutpoints of
Serum 25-Hydroxyvitamin D Concentration and Mortality Among Subjects Nested Within the General Population Trial of Linxian, China,
1986-2010

Circulating Total Deaths Cancer Deaths UGI Cancer Deaths Cerebrovascular Deaths Cardiovascular Deaths
250H)D, nmol. Nlo-of “pg g5, Mo-of ppgser [0 wr eswer [0 wr eswer [T R eswc
<25 274 1.00 Referent 75 1.00 Referent 62 1.00 Referent 95 1.00 Referent 68 1.00 Referent
25-37.4 175 1.08 0.89, 1.31 57 124 0.88,1.76 47 1.25 0.85,1.83 48 0.92 0.65,1.30 53 1.31 0.91,1.88
37.5-49.9 130 0.96 0.78,1.19 28 0.78 0.51,1.21 24 081 0.51,1.31 55 122 0.87,1.70 32 093 061,142
50-74.9 114 1.01 0.81,1.27 35 1.10 0.73,1.65 24 090 0.56,1.45 40 0.97 0.67,1.40 24 094 0.59,1.50
75-99.9 57 1.00 0.75,1.33 15 1.00 0.57,1.75 11 0.89 0.47,1.71 22 1.19 0.75,1.91 13 0.89 0.49,1.63
>100 43 1.15 0.83,1.59 7 077 0.35,1.67 7 093 043,205 19 1.60 0.97,2.63 10 094 0.48,1.84

P for trend 0.621 0.169 0.310 0.128 0.293

Abbreviations: 25(0OH)D, 25-hydroxyvitamin D; Cl, confidence interval; HR, hazard ratio; UGI, upper gastrointestinal.
& Models were stratified on age and sex, with additional adjustment for separate continuous age variables for each stratum, as well as sex,
hypertension, tobacco smoking, body mass index, and alcohol consumption.
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