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Background. Current evidence regarding the mortal-
ity outcomes associated with calcium supplemen-
tation with or without low-dose vitamin D is con-
flicting.

Objectives. To investigate the effects of calcium sup-
plementation with or without vitamin D on all-
cause and cause-specific mortalities in a large-
scale cohort.

Methods. This study used data from the Korean
National Health Insurance System database and
National Death Registry. A total of 27,846 par-
ticipants aged >55 years who had taken cal-
cium supplements with or without vitamin D
for at least 90 days (calcium supplementa-
tion only [CaO], n = 6256; calcium supple-
mentation in combination with vitamin D [CaD],
n = 21,590) were matched in a 1:1 ratio to
those who did not take calcium or vitamin
D supplements (control group) using propensity
scores.

Results. No difference in all-cause mortality risk
was found between the CaO and control groups:
(adjusted hazard ratio [HR] = 1.00; 95% confidence
interval [CI]: 0.92–1.10). However, all-cause mor-
tality was lower in the CaD group (HR = 0.85; 95%
CI: 0.80–0.89) compared with that in the control
group. Mortality risk associated with cardiovascu-
lar disease (CVD) was decreased in the CaD group
when the daily vitamin D dose received was less
than 1000 IU (HR = 0.72; 95% CI: 0.64–0.81). Sub-
group analysis showed significant effect of vitamin
D with calcium in individuals who were female,
aged ≥65 years or had previous history of cancer
or CVD.

Conclusion. In combination with calcium, vitamin D
supplementation provides better outcomes for all-
cause mortality, particularly CVD-associated mor-
tality, in a duration-dependent manner.

Keywords: calcium supplementation, cardiovascular
mortality, cohort study, mortality, vitamin D

Abbreviations: BMI, body mass index; CaD, calcium
and vitamin D supplements; CaO, calcium supple-
ments only; CI, confidence intervals; CVD, cardio-
vascular disease; HR, hazard ratios; IRB, Institu-
tional Review Board; NHIS, National Health Insur-
ance Service; SD, standard deviation

Introduction

The extraskeletal effects of calcium and vitamin
D supplements (CaD) on cardiovascular disease
(CVD), cancer, and mortality remain unclear [1].
Ongoing concerns have been raised regarding

the potential link between calcium supplementa-
tion and cardiovascular events [2–4]. Some studies
have reported the cardioprotective effect of calcium
supplementation by improving lipid profile and
blood pressure [5, 6]. However, a recent epidemi-
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ological study showed that excess calcium intake
alone increases the incidence of CVD, even among
populations with lower daily calcium intake [7].

With regard to vitamin D supplements, there has
been consistent evidence that vitamin D deficiency
is associated with an increased risk of CVDs, all-
cause mortality, and other chronic diseases [4].
Contrary to the beneficial effects of vitamin D, vita-
min D-related mega-trials have failed to conclude
that vitamin D supplementation prevents invasive
cancer or major cardiovascular events [8, 9]. The
reasons for this difference are uncertain; how-
ever, some experts have explained that most par-
ticipants enrolled in randomized controlled trials
(RCTs) for vitamin D already have sufficient levels
of serum 25-hydroxyvitamin D3 (25(OH)D3) [10,
11]. Furthermore, based on the differential effects
of vitamin D under various conditions, the asso-
ciated risks of other health outcomes seem quite
complex [8, 12].

There is still uncertainty regarding the benefits
of CaDs, although many studies have been con-
ducted, including epidemiological studies, meta-
analyses, and Mendelian randomization analyses
[1, 13–15]. However, most studies included only
Caucasians, who generally consume moderate-
to-high amounts of dietary calcium and have
a relatively high body mass index (BMI), which
potentially limits the generalizability of their
results to other populations [4, 16]. Using the well-
established Korean National Health Insurance
Service (NHIS) database of populations with low
daily calcium intake and a high prevalence of vita-
min D deficiency [16, 17], we aimed to investigate
the association between calcium supplementation
with or without vitamin D and the risk of all-cause
and cause-specific mortalities. Furthermore, we
assessed the differential effects of supplementation
on mortality outcomes according to BMI strata.

Methods

Data sources

The Korean NHIS claims, which cover 97% of the
Korean population, require all insured employees
and self-employed persons, as well as their depen-
dents, to undergo a general health screening bian-
nually. We used the Korean NHIS-Health Screening
(NHIS-HEALS) Cohort (study number: NHIS-2021-
2-247), which included 514,866 individuals aged
40–79 years who were enrolled in 2002 and fol-
lowed up until 2019. The study cohort consisted

of a random sample of 10% of the 5.15 million
beneficiaries in 2002 who underwent health exam-
inations between 2002 and 2003. This database
includes anonymous identification numbers, indi-
vidual sociodemographic information, diagnostic
information defined by the International Classi-
fication of Diseases, 10th revision (ICD-10), pre-
scribed drugs, medical procedures, hospitalization,
and death records. The detailed cohort protocol has
been described previously [18].

This study was approved by the Institutional
Review Board (IRB) of Korea University Anam Hos-
pital in accordance with the Declaration of Helsinki
of the World Medical Association (IRB number:
2019AN0284). Informed consent was not required
because data from the NHIS cohort did not include
any personally identifiable information. This study
also followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
reporting guidelines.

Study population

The process of selecting study participants is illus-
trated in Fig. 1. From the original NHIS-HEALS
database, we excluded individuals younger than 55
years; those who had a diagnosis of hypoparathy-
roidism, hyperparathyroidism, or chronic kidney
disease; those who had received active vitamin D
supplementation; and those who had undergone
any procedure affecting the neck during the study
period. Among the 390,412 participants, individ-
uals who had prescription records for calcium
supplements were assigned to the “calcium group
pool,” whereas those who did not have any pre-
scription records for calcium or vitamin D supple-
ments were assigned to the “control group pool.”
The index date was defined as the first date of cal-
cium supplement intake that lasted for at least 90
consecutive days in the calcium group. Propen-
sity scores were calculated using index data from
the calcium group and were derived from a mul-
tiple logistic regression model that included age,
sex, BMI, systolic blood pressure, fasting blood glu-
cose level, total cholesterol level, smoking status,
alcohol intake, level of physical activity, socioe-
conomic status, comorbidities, concurrent drug
treatment, and use of anti-osteoporotic agents. To
avoid immortal time bias, the control groups were
randomly selected from living individuals with the
same propensity scores within the caliper of the
calcium group at the index date and were matched
using the propensity score matching method. The
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index date of the matched control group was set
to the middle of the day (July 1) of the same year
as that of the calcium group. The participants who
died or were lost to follow up within 1 year after
the index date, as well as those with missing val-
ues required for our analysis, were excluded. The
calcium group was further divided into two groups:
those who had taken calcium supplements only
(CaO) and those who had taken both CaD.

Definition of mortality outcomes and covariates

The primary cause and date of mortality were
extracted from the database, and cause-specific
mortalities were classified according to ICD-10
codes: CVD (I00–I99), cancer (C00–C97), respira-
tory disease (J00–J99), musculoskeletal disease
(M00–M99), and trauma-related mortalities (S00–
S99, T00–T14). Each patient was followed up from
the index date until the earliest occurrence of
death or until the end of the study period (Decem-
ber 31, 2019). Covariates for the analysis included
patient age at the index date, sex, BMI, systolic
blood pressure, fasting blood glucose level, total
cholesterol level, smoking status (ever or never),
alcohol consumption (none, ≤2 times per week,
or ≥3 times per week), physical activity (<3 times
per week or ≥3 times per week), socioeconomic
status (lowest 30%, middle 40%, or highest 30%),
comorbidities (diabetes mellitus, hypertension,
dyslipidemia, osteoporosis, cancer, CVD, or res-
piratory disease), and concurrent medication
(antihypertensive agents, statins, antithrombotic
agents, and anti-osteoporotic agents) (Table S1).

Statistical analysis

Because the characteristics of the CaO and CaD
groups differed considerably, we built two mul-
tiple logistic regression models that included all
variables shown in Table 1. Using propensity
score matching, each calcium group was sepa-
rately matched in a 1:1 ratio with the control
group. We used greedy nearest neighbor matching
with a caliper width of 0.2 of the standard devia-
tion (SD) of the propensity score logit. Data were
summarized using the mean and SD for continu-
ous variables or as frequencies with percentages
for categorical variables. Demographic and clinical
characteristics were compared by calculating the
absolute standardized mean differences between
groups. The mortality rate was calculated as the
observed number of deaths divided by the sum of
the follow-up time and presented as the number of
deaths per 1000 person-years. The Kaplan–Meier

analysis and log-rank tests were performed to com-
pare the cumulative survival probabilities between
the groups. Cox proportional hazards regression
models were fitted to estimate the relative haz-
ard for mortality in the calcium groups compared
with the matched control group, and the rela-
tive hazards were presented as hazard ratios (HR)
and 95% confidence intervals (CI). The proportional
hazards assumption was verified using graphical
diagnostics based on scaled Schoenfeld residuals.
Additionally, to evaluate the effect of the extent
of exposure, we divided the patients into the fol-
lowing groups and performed subgroup analysis:
(1) <500, (2) 500–999, and (3) ≥1000 mg based
on the daily mean dose of calcium; and (1) <500,
(2) 500–999, and (3) ≥1000 IU based on the daily
dose of vitamin D. The mean dosage was calcu-
lated as the total intake of elemental calcium or
vitamin D supplements during the study period
divided by the duration of the intake (days). Fur-
thermore, we conducted subgroup analyses strat-
ified by age (≥65 and <65 years), sex (male and
female), BMI (≥25 and <25 kg/m2), and the pres-
ence of preexisting diseases (hypertension, dia-
betes mellitus, dyslipidemia, CVD, and cancer). An
additional set of analyses divided the BMI into five
categories (<18.5, 18.5–22.9, 23–24.9, 25–29.9,
and ≥30 kg/m2) to further explore its association
with mortality outcomes. All statistical analyses
were performed using SAS Enterprise Guide ver-
sion 7.15 (SAS Institute Inc., Cary, NC, USA), and
a two-sided p-value <0.05 was considered statisti-
cally significant.

Results

The cohort included 27,846 individuals who
received calcium supplements (the calcium group).
Of these, 6256 and 21,590 were prescribed with
CaO and CaD, respectively (Fig. 1). The baseline
characteristics of the calcium and control groups
were well matched, with absolute standardized
differences of <0.1 (Table 1 and Fig. S1). The
mean age of the participants was 66 years, of
which 84.8% were women. Compared with the CaD
group, individuals in the CaO group had more risk
factors for mortality, including a higher propor-
tion of men, higher systolic blood pressure, more
smokers, greater alcohol consumption, and higher
proportions of diabetes mellitus and hypertension
(all p-values <0.05). However, the CaD group had
more individuals with a history of dyslipidemia,
osteoporosis, cancer, and CVD compared with the
CaO group (all p-values <0.05). Individuals in the

4 © 2023 The Association for the Publication of the Journal of Internal Medicine.
Journal of Internal Medicine, 2023, 0; 1–13

 13652796, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joim

.13643 by K
orea U

niversity L
ibrary, W

iley O
nline L

ibrary on [23/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



CAD AND MORTALITY / K. J. Kim et al.

Ta
bl
e
1.
B
as
el
in
e
ch
ar
ac
te
ri
st
ic
s

To
ta
l

C
aO

C
aD

C
h
ar
ac
te
ri
st
ic
s

C
al
ci
u
m

gr
ou
p

(n
=
27
,8
46
)

M
at
ch
ed

co
n
tr
ol

(n
=
27
,8
46
)

A
S
M
D

C
aO

(n
=
62
56
)

M
at
ch
ed

co
n
tr
ol

(n
=
62
56
)
A
S
M
D

C
aD

(n
=
21
,5
90
)

M
at
ch
ed

co
n
tr
ol

(n
=
21
,5
90
)

A
S
M
D

M
ea
n
(S
D
)a
ge
(y
ea
rs
)

66
.0
(7
.4
)

65
.9
(7
.7
)

0.
01
4

66
.7
(7
.3
)

66
.7
(7
.5
)

0.
00
6

65
.8
(7
.4
)

65
.7
(7
.8
)

0.
01
6

W
om
en
,n

(%
)

23
,6
12

(8
4.
8)

23
,6
12

(8
4.
8)

0
48
14

(7
7.
0)

48
14

(7
7.
0)

0
18
,7
98

(8
7.
1)

18
,7
98

(8
7.
1)

0
M
ea
n
(S
D
)b
od
y
m
as
s
in
de
x
(k
g/
m
2
)

23
.9
(3
.0
)

24
.0
(3
.1
)

0.
01
2

24
.1
(3
.1
)

24
.1
(3
.1
)

0.
01
3

23
.9
(3
.0
)

23
.9
(3
.1
)

0.
01
2

M
ea
n
(S
D
)s
ys
to
lic
bl
oo
d
pr
es
su
re

(m
m
H
g)

12
7.
4
(1
6.
6)

12
7.
1
(1
6.
6)

0.
01
3

12
9.
2
(1
7.
3)

12
8.
7
(1
7.
4)

0.
02
7

12
6.
8
(1
6.
4)

12
6.
7
(1
6.
4)

0.
00
8

M
ea
n
(S
D
)f
as
ti
n
g
gl
u
co
se
(m
m
ol
/L
)

99
.4
(2
4.
5)

99
.5
(2
3.
8)

0.
00
4

10
0.
3
(2
7.
6)

10
0.
2
(2
6.
4)

0.
00
1

99
.2
(2
3.
5)

99
.3
(2
3.
0)

0.
00
5

M
ea
n
(S
D
)t
ot
al
ch
ol
es
te
ro
l

(m
m
ol
/L
)

20
2.
6
(3
8.
8)

20
2.
9
(3
9.
4)

0.
00
8

20
3.
0
(3
9.
5)

20
3.
1
(3
9.
7)

0.
00
5

20
2.
5
(3
8.
6)

20
2.
8
(3
9.
3)

0.
00
9

E
ve
r-
sm
ok
er

28
50

(1
0.
2)

28
71

(1
0.
3)

0.
00
3

90
9
(1
4.
5)

88
4
(1
4.
1)

0.
01
1

19
41

(9
.0
)

19
87

(9
.2
)

0.
00
7

A
lc
oh
ol
,n

(%
)

0.
01
4

0.
02
8

0.
01
3

N
on
e

22
,9
55

(8
2.
4)

23
,0
98

(8
2.
9)

50
53

(8
0.
8)

51
19

(8
1.
8)

17
,9
02

(8
2.
9)

17
,9
79

(8
3.
3)

≤T
w
ic
e
pe
r
w
ee
k

36
97

(1
3.
3)

35
69

(1
2.
8)

81
8
(1
3.
1)

78
1
(1
2.
5)

28
79

(1
3.
3)

27
88

(1
2.
9)

≥T
h
re
e
ti
m
es
pe
r
w
ee
k

11
94

(4
.3
)

11
79

(4
.2
)

38
5
(6
.1
)

35
6
(5
.7
)

80
9
(3
.8
)

82
3
(3
.8
)

R
eg
u
la
r
ex
er
ci
se
,n

(%
)

18
,7
86

(6
7.
5)

18
,9
94

(6
8.
2)

0.
01
6

32
15

(5
1.
4)

32
55

(5
2.
0)

0.
01
3
15
,5
71

(7
2.
1)

15
,7
39

(7
2.
9)

0.
01
7

S
oc
io
ec
on
om
ic
st
at
u
s,
n
(%
)

0.
01
8

0.
01
8

0.
02
6

Lo
w
er
30
%

68
67

(2
4.
7)

69
90

(2
5.
1)

17
32

(2
7.
7)

17
18

(2
7.
5)

51
35

(2
3.
8)

52
72

(2
4.
4)

M
id
dl
e
40
%

83
13

(2
9.
9)

85
03

(3
0.
5)

18
28

(2
9.
2)

18
79

(3
0.
0)

64
85

(3
0.
0)

66
24

(3
0.
7)

U
pp
er
30
%

12
,6
66

(4
5.
5)

12
,3
53

(4
4.
4)

26
96

(4
3.
1)

26
59

(4
2.
5)

99
70

(4
6.
2)

96
94

(4
4.
9)

C
om
or
bi
di
ti
es
,n

(%
)

D
ia
be
te
s
m
el
lit
u
s

43
94

(1
5.
8)

44
73

(1
6.
1)

0.
00
8

10
42

(1
6.
7)

10
70

(1
7.
1)

0.
01
2

33
52

(1
5.
5)

34
03

(1
5.
8)

0.
00
7

H
yp
er
te
n
si
on

15
,5
79

(5
5.
9)

15
,4
50

(5
5.
5)

0.
00
9

36
30

(5
8.
0)

36
56

(5
8.
4)

0.
00
8
11
,9
49

(5
5.
4)

11
,7
94

(5
4.
6)

0.
01
4

D
ys
lip
id
em
ia

10
,9
96

(3
9.
5)

10
,7
68

(3
8.
7)

0.
01
7

21
47

(3
4.
3)

21
78

(3
4.
8)

0.
01
0

88
49

(4
1.
0)

85
90

(4
0.
0)

0.
02
5

O
st
eo
po
ro
si
s

17
,6
05

(6
3.
2)

17
,6
05

(6
3.
2)

0
32
12

(5
1.
3)

32
12

(5
1.
3)

0
14
,3
93

(6
6.
7)

14
,3
93

(6
6.
7)

0
C
an
ce
r

37
54

(1
3.
5)

37
80

(1
3.
6)

0.
00
3

71
8
(1
1.
5)

78
6
(1
2.
6)

0.
03
3

30
36

(1
4.
1)

29
94

(1
3.
9)

0.
00
6

C
ar
di
ov
as
cu
la
r
di
se
as
e

13
,6
83

(4
9.
1)

13
,3
83

(4
8.
1)

0.
02
2

29
98

(4
7.
9)

29
94

(4
7.
9)

0.
00
1
10
,6
85

(5
0.
0)

10
,3
89

(4
8.
1)

0.
02
7

C
on
cu
rr
en
t
dr
u
g
tr
ea
tm
en
t

A
R
B
/A
C
E
in
h
ib
it
or

98
76

(3
5.
5)

97
97

(3
5.
2)

0.
00
6

21
37

(3
4.
2)

21
95

(3
5.
1)

0.
02
0

77
39

(3
5.
9)

76
02

(3
5.
2)

0.
01
3

β
-B
lo
ck
er

10
,1
38

(3
6.
4)

99
12

(3
5.
6)

0.
01
7

23
71

(3
7.
9)

23
20

(3
7.
1)

0.
01
7

77
67

(3
6.
0)

75
92

(3
5.
2)

0.
01
7

C
C
B

14
,0
33

(5
0.
4)

13
,8
67

(4
9.
8)

0.
00
7

32
35

(5
1.
7)

31
98

(5
1.
1)

0.
01
2
10
,7
98

(5
0.
0)

10
,6
69

(4
9.
4)

0.
01
2

S
ta
ti
n

10
,6
93

(3
8.
4)

10
,4
75

(3
7.
6)

0.
01
6

20
87

(3
3.
4)

21
28

(3
4.
0)

0.
01
4

86
06

(3
9.
9)

83
47

(3
8.
7)

0.
02
5

(C
on
tin
ue
d)

© 2023 The Association for the Publication of the Journal of Internal Medicine.
Journal of Internal Medicine, 2023, 0; 1–13

5

 13652796, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joim

.13643 by K
orea U

niversity L
ibrary, W

iley O
nline L

ibrary on [23/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



CAD AND MORTALITY / K. J. Kim et al.
Ta
bl
e
1.
C
on
tin
ue
d

To
ta
l

C
aO

C
aD

C
h
ar
ac
te
ri
st
ic
s

C
al
ci
u
m

gr
ou
p

(n
=
27
,8
46
)

M
at
ch
ed

co
n
tr
ol

(n
=
27
,8
46
)

A
S
M
D

C
aO

(n
=
62
56
)

M
at
ch
ed

co
n
tr
ol

(n
=
62
56
)
A
S
M
D

C
aD

(n
=
21
,5
90
)

M
at
ch
ed

co
n
tr
ol

(n
=
21
,5
90
)

A
S
M
D

A
n
ti
th
ro
m
bo
ti
c
ag
en
t

11
,2
78

(4
0.
5)

11
,1
01

(3
9.
9)

0.
01
3

24
10

(3
8.
5)

24
25

(3
8.
8)

0.
00
5

88
68

(4
1.
1)

8,
67
6
(4
0.
2)

0.
01
8

M
ea
n
(S
D
)d
ai
ly
ca
lc
iu
m
do
se
,

m
g/
da
y

50
7.
5
(2
83
.5
)

47
8.
6
(3
25
.8
)

51
5.
8
(2
69
.4
)

M
ea
n
(S
D
)d
ai
ly
vi
ta
m
in
D
do
se
,

IU
/d
ay

66
0.
2
(3
29
.5
)

N
ot
e:
V
al
u
es
ar
e
pr
es
en
te
d
as
th
e
m
ea
n
(s
ta
n
da
rd
de
vi
at
io
n
)a
n
d
fr
eq
u
en
cy
(p
er
ce
n
ta
ge
).

A
bb
re
vi
at
io
n
s:
A
C
E
,a
n
gi
ot
en
si
n
-c
on
ve
rt
in
g
en
zy
m
e;
A
R
B
,a
n
gi
ot
en
si
n
II
re
ce
pt
or
an
ta
go
n
is
t;
A
S
M
D
,a
bs
ol
u
te
st
an
da
rd
iz
ed
m
ea
n
di
ffe
re
n
ce
;C
aO
,c
al
-

ci
u
m
on
ly
;C
aD
,c
al
ci
u
m
pl
u
s
vi
ta
m
in
D
;C
C
B
,c
al
ci
u
m
ch
an
n
el
bl
oc
ke
r;
IQ
R
,i
n
te
rq
u
ar
ti
le
ra
n
ge
;n
,n
u
m
be
r;
S
D
,s
ta
n
da
rd
de
vi
at
io
n
.

CaD group received a higher dose of calcium (515.8
vs. 478.6 mg) and had a longer duration of ≥24
months (31.2% vs. 18.0%) of calcium supplemen-
tation compared with those in the CaO group.

Risk of all-cause and cause-specific mortality events

Table 2 shows the incidence rates (per 1000
person-years) and HRs of all-cause and cause-
specific mortalities among individuals in the
calcium group compared with their controls. Dur-
ing the median follow-up time of 100.2 months
(interquartile range [IQR], 77.3–128.1) for the cal-
cium group and 98.2 months (IQR, 78.1–126.2) for
their matched controls, 2991 and 3192 mortality
events occurred in the calcium and control groups,
respectively. In the calcium group, 922 deaths
resulted from cancer, 677 from CVD, 371 from
respiratory diseases, and 150 from musculoskele-
tal and trauma-related causes. The association
between calcium supplementation and all-cause
mortality varied according to the concomitant use
of vitamin D (p = 0.001), and the risk of all-cause
mortality in the CaO group was comparable to that
in the control group (HR: 1.00; 95% CI: 0.92–1.10).
In contrast, the CaD group showed a lower risk
of all-cause mortality compared with the control
group (HR: 0.85; 95% CI: 0.80–0.89) (Fig. 2). Con-
sidering cause-specific mortality, the mortality risk
from CVD (HR: 0.72; 95% CI: 0.64–0.81) was lower
in the CaD group, whereas there was no significant
difference between the CaO and control groups
(HR: 0.93; 95% CI: 0.77–1.11; p = 0.020). No sig-
nificant differences in the mortality risk from other
causes were observed between the CaO and CaD
groups and their respective control groups.

Analyses of the dose–response relationship

The association between the calcium supplemen-
tation dose and risk of all-cause mortality (Table 3)
was further assessed. In the CaO group, this
relationship did not change significantly with the
calcium supplementation dose. However, patients
taking CaD doses less than 1000 mg and 1000 IU,
respectively, had the lowest risk of all-cause mor-
tality (average calcium dose <500 mg/day [HR:
0.82; 95% CI: 0.76–0.89]; average vitamin D dose
500–999 IU/day [HR = 0.83; 95% CI: 0.77–0.90]).

Subgroup analysis for the risk of all-cause mortality

Figure 3 shows the results of the subgroup anal-
yses of the association between CaD and the risk
of all-cause mortality. Significant protective effects

6 © 2023 The Association for the Publication of the Journal of Internal Medicine.
Journal of Internal Medicine, 2023, 0; 1–13
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Table 2. Mortality rates and hazard ratios (HRs) in the calcium groups compared with those in the matched control groups

CaO CaD
Matched
control

(n = 6256) CaO (n = 6256) p-Valuea

Matched
control

(n = 21,590) CaD (n = 21,590) p-Valuea
p For

interaction

All-cause mortality
No. of events (IR) 798 (17.4) 837 (17.6) 2394 (13.1) 2154 (11.3)
Hazard ratio (95% CI) 1.00 (Ref) 1.00 (0.92–1.10) 0.923 1.00 (Ref) 0.85 (0.80–0.89) <0.001 0.001

Cause-specific mortality
Cardiovascular disease
No. of events (IR) 220 (4.8) 214 (4.5) 604 (3.3) 463 (2.4)
Hazard ratio (95% CI) 1.00 (Ref) 0.93 (0.77–1.11) 0.425 1.00 (Ref) 0.72 (0.64–0.81) <0.001 0.020

Cancer (C00–97)
No. of events (IR) 213 (4.6) 227 (4.8) 681 (3.7) 695 (3.6)
Hazard ratio (95% CI) 1.00 (Ref) 1.02 (0.85–1.22) 0.822 1.00 (Ref) 0.97 (0.87–1.07) 0.542 0.586

Respiratory disease (J00–J99)
No. of events (IR) 88 (1.9) 112 (2.4) 264 (1.4) 259 (1.4)
Hazard ratio (95% CI) 1.00 (Ref) 1.22 (0.93–1.59) 0.147 1.00 (Ref) 0.92 (0.77–1.09) 0.310 0.079

Musculoskeletal disease/trauma
No. of events (IR) 29 (0.6) 40 (0.8) 98 (0.5) 110 (0.6)
Hazard ratio (95% CI) 1.00 (Ref) 1.34 (0.83–2.17) 0.232 1.00 (Ref) 1.07 (0.81–1.41) 0.637 0.431

Abbreviations: CaD, calcium plus vitamin D; CaO, calcium only; CI, confidence interval; IR, incidence rate; Ref, reference.
ap-Value for each calcium group versus their matched control group.

of CaD were observed in patients aged ≥65 years,
who were female, or who had a history of CVD or
cancer. Calcium supplementation was associated
with lower all-cause mortality in women but higher
all-cause mortality in men.

Association between BMI strata and mortality outcomes

Table S2 presents the HRs for all-cause, CVD-, and
cancer-related mortality according to the BMI cate-
gories. For all-cause and cancer-related mortality,
the BMI classification did not affect the outcome in
either the CaO or CaD groups. However, the risks of
CVD-related mortality were lower in patients with a
BMI of 18.5–25 kg/m2 in the CaD group compared
with their controls.

Discussion

This propensity-matched cohort study of individ-
uals with low daily calcium intake and a high
prevalence of vitamin D deficiency indicated that
vitamin D supplementation with calcium is more
likely to be beneficial than harmful, considering the
reduced risk of all-cause mortality, especially that
associated with CVD. However, calcium supple-
mentation without vitamin D did not demonstrate
this relationship, indicating the differential effects

of calcium supplementation alone versus vitamin
D supplementation. We also observed a protec-
tive effect of daily dose equivalents of <1000 mg
calcium and <1000 IU vitamin D on the risk
of all-cause mortality. Additionally, the associa-
tions between vitamin D supplementation com-
bined with calcium and lower all-cause mortality
were stronger in women, those aged ≥65 years, and
those with a history of cancer or CVD.

Previous observational studies have linked low
vitamin D levels with various illnesses, including
osteoporosis, autoimmune disorders, CVDs, and
cancers, as well as their mortality risk [5, 19].
However, large vitamin D supplementation clin-
ical trials have presented disappointing results,
showing no benefits in the incidence of cancer,
CVD, or type 2 diabetes mellitus [20]. Given this
uncertainty, a recent Mendelian randomization
analysis reported a causal relationship between
25(OH)D3 concentrations and all-cause mortality
in selected participants with vitamin D deficiency
(serum [25(OH)D3] <25 nmol/L), suggesting that
some individuals may benefit from vitamin D
supplementation [13]. In South Korea, vitamin
D insufficiency (defined as serum [25(OH)D]
<50 nmol/L) is highly prevalent, reaching 75.2%

© 2023 The Association for the Publication of the Journal of Internal Medicine.
Journal of Internal Medicine, 2023, 0; 1–13
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Table 3. Hazard ratio (hazard ratio) for all-cause mortality associated with the daily dose of calcium and/or vitamin D
supplementation

n
Total

person-years
No. of events

(IR)
Unadjusted HR

(95% CI)
Adjusted HRa (95%

CI)

CaO
Control 6256 45,951 798 (17.4) 1 (Ref) 1 (Ref)
Daily average dose of calcium

<500 mg 4005 29,613 450 (15.2) 0.87 (0.79–0.97) 0.96 (0.85–1.08)
500–999 mg 1710 13,836 306 (22.1) 1.24 (1.10–1.40) 1.03 (0.90–1.18)
≥1000 mg 541 4054 81 (20.0) 1.13 (0.90–1.42) 1.08 (0.86–1.37)
p For trend 0.018 0.626

CaD
Control 21,590 182,439 2394 (13.1) 1 (Ref) 1 (Ref)
Daily average dose of calcium

<500 mg 8917 76,945 826 (10.7) 0.81 (0.75–0.88) 0.82 (0.76–0.89)
500–999 mg 11,015 99,294 1156 (11.6) 0.87 (0.81–0.93) 0.88 (0.81–0.94)
≥1000 mg 1658 14,545 172 (11.8) 0.89 (0.77–1.04) 0.90 (0.77–1.05)
p For trend <0.001 <0.001
Daily average dose of vitamin D
<500 IU 8903 82,147 964 (11.7) 0.86 (0.80–0.93) 0.86 (0.80–0.93)
500–999 IU 9228 82,571 891 (10.8) 0.81 (0.75–0.87) 0.83 (0.77–0.90)
≥1000 IU 3,459 26,067 299 (11.5) 0.92 (0.82–1.04) 0.92 (0.85–1.04)
p For trend <0.001 <0.001

Abbreviations: CaO, calcium only; CaD, calcium plus vitamin D; CI, confidence interval; IR, incidence rate; Ref, reference.
aCalculated using multiple Cox proportional hazards regression analysis further adjusted for age, sex, body mass index,
systolic blood pressure, fasting blood glucose level, total cholesterol level, smoking status, alcohol intake, level of physical
activity, socioeconomic status, comorbidities, concurrent drug treatment, and use of anti-osteoporotic agents.
Using time-dependent Cox proportional hazards regression analysis.

in men and 82.5% in women [17]. Therefore, our
findings of favorable mortality outcomes could
be explained by the beneficial effects of vitamin
D on a vitamin D-deficient population compared
with those of other trials with various vitamin D
levels.

The Vitamin D and Omega-3 trial (VITAL) sug-
gested that vitamin D supplementation had a pro-
tective effect against cancer mortality, which was
also supported by the results from a meta-analysis
of RCTs. [8, 14]. However, several Mendelian ran-
domization studies have indicated no association
between vitamin D levels and overall cancer out-
comes, which would be consistent with our find-
ings [21, 22]. Another aspect to be considered is
vitamin D receptor polymorphism, which could
explain the different effects of vitamin D sup-
plementation on various types of cancer [19]. In
our study, the cardioprotective roles of vitamin
D may lower the risk of cardiovascular mortality
among patients in the CaD group. Several mech-

anistic observations, including anti-hypertrophic,
anti-fibrotic, and anti-inflammatory properties and
improvement in myocyte contractility by vitamin D,
directly support its beneficial effects on the cardio-
vascular system [23–26]. Vitamin D can directly
modify cardiovascular risk factors such as sys-
temic hypertension, dyslipidemia, and type 2 dia-
betes [12, 27].

With regard to the dose of supplementation, a
daily dose of calcium ≥1000 mg and a daily dose of
vitamin D ≥1000 IU showed no benefit in lowering
mortality risk. These results are supported by pre-
vious findings that calcium intake >1000 mg/day
increases the incidence of CVDs [7, 19]. A transient
rise in serum calcium levels upon an ingestion of
a higher dose of calcium supplements can trigger
the coagulation cascade, vascular deposition of
calcium, vascular smooth muscle contraction,
or atherosclerosis [28]. A large population-based
cohort study also suggested a possible “U-shaped”
association between serum 25(OH)D levels and

10 © 2023 The Association for the Publication of the Journal of Internal Medicine.
Journal of Internal Medicine, 2023, 0; 1–13
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all-cause mortality, indicating the risks of both
vitamin D deficiency and toxicity [29–31]. A recent
meta-analysis reported a significant protective
effect of vitamin D supplementation on the risk
of acute respiratory infections in patients with a
daily dose equivalent of 400–1000 IU, but not in
those taking doses outside this range, which was
consistent with our findings [32]. The hypothe-
sis that higher doses of vitamin D may not be
effective for health outcomes can be explained by
biological mechanisms with threshold-mediated
anti- and pro-inflammatory properties, promoting
the intestinal absorption of phosphorous and a
significant increase in fibroblast growth factor 23
[33]. Although appropriate doses have not yet been
established, excess doses of CaD are not generally
recommended owing to the potential harm from
high doses of supplementation.

Interestingly, the risks of all-cause mortality were
not different according to BMI strata; however,
patients with a BMI of 18.5–24.9 in the CaD group
had a lower risk of CVD mortality. The VITAL trial
reported that patients with a BMI ≥30 did not ben-
efit from vitamin D [8]. According to the Vitamin
D and Type 2 Diabetes trial, vitamin D supple-
mentation reduced the incidence of type 2 diabetes
in patients with BMI <30, but not in those with
BMI ≥30 [34]. The reasons for the different results
regarding the association between vitamin D levels
and health outcomes as measured by BMI remain
unclear. Further studies are needed to determine
whether BMI alone affects health outcomes. Our
subgroup analysis also demonstrated a stronger
effect of vitamin D supplementation in patients
aged ≥65 years or those with a history of CVD or
cancer. These findings could be explained by the
benefits of vitamin D supplementation among frail
patients with a high prevalence of vitamin D defi-
ciency [35]. Additionally, the decreased risk of all-
cause mortality in both calcium groups was more
prominent in women than in men. Taking calcium
with or without vitamin D supplements can pre-
vent critical fractures in women with a high preva-
lence of osteoporosis, although this issue remains
controversial [36, 37]. Therefore, further research
on sex-specific differences related to supplements
should be conducted.

The current study has several limitations. First,
it was based on secondary analyses of the claims
database, which lacked clinical information such
as the dietary calcium and vitamin D intake of each
patient because the NHIS did not have a nutri-

tion questionnaire. However, according to a well-
designed epidemiological study, the mean calcium
intake in Korea is 490 mg/day [16]. Second, the
status of mineral deficiency could not be consid-
ered because data on serum calcium and vita-
min D levels were not available for this cohort.
Third, owing to the retrospective observational
study design, we could not determine any causal
relationship, and there may still be residual con-
founding by unknown factors. Lastly, we included
only Koreans with a low daily calcium intake, high
prevalence of vitamin D deficiency, and relatively
low obesity rate. Furthermore, our study included
a greater proportion of women than men (84.8%
vs. 15.2%) because we assigned patients who had
received calcium supplementation to the calcium
group. CaD are generally recommended to prevent
worse outcomes in postmenopausal women with
low bone mineral density who are at risk of frac-
tures due to osteoporosis. Therefore, our findings
may not be generalizable to other ethnic groups
with different characteristics. However, this study
had the principal strength of a population-based
propensity-matched design with a sufficient sam-
ple size. Moreover, the follow-up duration was long
enough to evaluate mortality outcomes. Another
strength of our study is that various BMI classes,
including underweight, were considered.

In conclusion, this propensity-weighted cohort
study supports the beneficial role of vitamin D
in combination with calcium supplementation for
a substantial period in all-cause mortality risk
reduction among populations with a high preva-
lence of vitamin D deficiency.
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