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Abstract

Adult height and sitting height may reflect genetic and environmental factors, including early

life nutrition, physical and social environments. Previous studies have reported divergent
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associations for height and chronic disease mortality, with positive associations observed

for cancer mortality but inverse associations for circulatory disease mortality. Sitting height

might be more strongly associated with insulin resistance; however, data on sitting height

and mortality is sparse. Using the European Prospective Investigation into Cancer and

Nutrition study, a prospective cohort of 409,748 individuals, we examined adult height and

sitting height in relation to all-cause and cause-specific mortality. Height was measured in

the majority of participants; sitting height wasmeasured in ~253,000 participants. During an

average of 12.5 years of follow-up, 29,810 deaths (11,931 from cancer and 7,346 from circula-

tory disease) were identified. Hazard ratios (HR) with 95% confidence intervals (CI) for death

were calculated using multivariable Cox regression within quintiles of height. Height was posi-

tively associated with cancer mortality (men: HRQ5 vs. Q1 = 1.11, 95%CI = 1.00–1.24; women:

HRQ5 vs. Q1 = 1.17, 95%CI = 1.07–1.28). In contrast, height was inversely associated with cir-

culatory disease mortality (men: HRQ5 vs. Q1 = 0.63, 95%CI = 0.56–0.71; women: HRQ5 vs. Q1 =

0.81, 95%CI = 0.70–0.93). Although sitting height was not associated with cancer mortality, it

was inversely associated with circulatory disease (men: HRQ5 vs. Q1 = 0.64, 95%CI = 0.55–

0.75; women: HRQ5 vs. Q1 = 0.60, 95%CI = 0.49–0.74) and respiratory disease mortality (men:

HRQ5 vs. Q1 = 0.45, 95%CI = 0.28–0.71; women: HRQ5 vs. Q1 = 0.60, 95%CI = 0.40–0.89). We

observed opposing effects of height on cancer and circulatory disease mortality. Sitting height

was inversely associated with circulatory disease and respiratory disease mortality.

Introduction

Poor nutrition, illness and early life exposures may contribute to ill health in later life [1–3];

however, there is a paucity of data to explore such associations in prospective cohorts with

extended follow-up of children. Adult height is an easily measured variable, and is thought to

reflect both genetic and environmental factors including nutrition, physical and social envi-

ronments in early life [4, 5].

The association between height and mortality has been investigated in previous studies.

A meta-analysis of 121 cohort studies comprising over 1 million participants reported that

height was inversely associated with risk of death from circulatory diseases such as coronary

disease, stroke and heart failure [6]. In contrast, height was positively associated with risk of

death from melanoma and cancers of the pancreas, endocrine and nervous systems, ovary,

breast, prostate, colorectum, blood and lung [6]. Despite many studies investigating overall

height and mortality, there have been few studies examining the association between sitting

height and mortality. Higher sitting height is of interest because compared with adult

height, sitting height may be more strongly positively associated with insulin resistance [7],

and is positively associated with lung function, independently of height [8]; therefore, the

effects of sitting height on mortality might be different from those of overall height. One

cohort study reported that sitting height was positively associated with cancer mortality and

inversely associated with death from circulatory disease [9], but others showed no associa-

tion [7, 10–12].

To further knowledge on the association of height and health outcomes among adults, we

examined whether adult height and sitting height were associated with overall and cause-spe-

cific mortality in a large prospective cohort of approximately half a million men and women

from 10 European countries.

Height, sitting height and mortality
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Methods

Study cohort

The European Prospective Investigation into Cancer and Nutrition (EPIC) study includes 23

centres within 10 European countries (Denmark, France, Germany, Greece, Italy, the Nether-

lands, Norway, Spain, Sweden, and the United Kingdom (UK)). Most centres recruited from

the general population living in defined towns and provinces. In Florence (Italy) and Utrecht

(the Netherlands), however, participants undergoing breast cancer screening were recruited;

parts of the Italian and Spanish cohorts were recruited among blood donors and their spouses;

most of the Oxford cohort (UK) consisted of vegetarian and health-conscious volunteers; and

female members of the health insurance scheme for state school employees were recruited in

France. Between 1992 and 2000, 521,457 individuals (approximately 70% women, mostly 20–

70 years old) were enrolled after providing written informed consent. Ethical approval for the

EPIC study was obtained from the review boards of the International Agency for Research on

Cancer (IARC) and local participating centres. The cohort characteristics have been described

in detail elsewhere [13, 14].

Exposure assessment

At recruitment, standardized questionnaires on lifestyle, demographic information and per-

sonal history were collected [13, 14]. Height was measured in participating centres to the nearest

0.1, 0.5, or 1.0 cm in participants without shoes on [15]. Norway was the only centre in which

height was all self-reported; furthermore, height was only measured in 29% of the French and

13% of the Oxford cohort with the remainder of the participants self-reporting their height.

Self-reported data on height tends to be overestimated, with the degree of overestimation being

larger for shorter individuals and this also depends on age [15]. The self-reported data from the

Oxford cohort were adjusted using earlier described sex-specific regression equations that

incorporated age [15]; this was not done for the French cohort because the interval between the

self-reported data and measurement was considered to be too long to do so reliably, thus only

those participants with measured data were included. Sitting height was measured (the mini-

mum unit was 0.1cm) in over 90% of participants in six countries (Italy, Spain, the Netherlands,

Germany, Greece, Denmark) and in 29% of French participants.

Follow-up and endpoint assessment

Vital status, causes and dates of death were ascertained from population registries in Denmark,

Italy (except Naples), the Netherlands, Norway, Spain, Sweden, and the UK. In Germany,

Greece and Naples, this information was obtained by follow-up mailings or inquiries to

municipal registries, regional health departments, physicians, and hospitals, and also by

directly contacting their next-of-kin. In France, the causes and dates of death were obtained

from the French Epidemiological Center for the Medical Causes of Death (CépiDc, Inserm).

Mortality data were coded according to the 10th revision of the International Classification

of Diseases (ICD-10). All-cause mortality included deaths from external causes. The codes for

the underlying cause of death were classified as follows: circulatory (ICD-10: I00-I99), cancer

(C00-C97), respiratory (J00-J99), other or not reported (all other codes). Additionally, cancers

were classified as smoking-related cancers [16] (oral cavity (C00-06), pharynx (C10), naso-

pharynx (C11-13), oesophagus (C15), stomach (C16), colorectal (C18-20), liver (C22), bile

duct (C24), pancreas (C25), larynx and lung (C32-34), uterine cervix (C53), ovarian (C56),

kidney and renal pelvis, ureter and bladder (C64-68), and myeloid leukaemia (C92) [16])

and non-smoking-related cancers (all other cancers). Furthermore, circulatory disease was

Height, sitting height and mortality
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subdivided into ischaemic heart disease (I20-I25), myocardial infarction (I21), cerebrovascular

disease (I60-I69), haemorrhagic stroke (I60-I62) and ischemic stroke (I63).

Statistical analysis

From the 521,457 participants recruited, those in a subsample in France (n = 52,809) and in

the whole cohort in Norway (n = 37,185) were excluded because measured height was unavail-

able. Additionally, participants with missing questionnaire data (n = 1,286), missing dietary

data (n = 6,627), missing all potential confounders (n = 3,127), without dates of death or fol-

low-up information (n = 542) and those within the lowest and highest 1% of the cohort distri-

bution of the ratio of reported total energy intake to energy requirements (n = 10,133) were

excluded [17]. The final analytic cohort consisted of 409,748 individuals. For the analysis of sit-

ting height, participants whose sitting height was not assessed were also excluded, leaving an

analytic cohort for sitting height of 253,427 individuals.

Cox proportional hazard regression models with age as the underlying time scale were used

to estimate hazard ratios (HR) and 95% confidence intervals (CI) for the association between

height, sitting height and mortality risk. Height and sitting height were analysed as categorical

variables defined by quintiles, and rounded off to the nearest 1 cm, and as continuous vari-

ables. Time at risk was estimated from the date of recruitment to the date of death, emigration,

loss to follow-up, or the end of follow-up (a maximum through 2010, depending on centre),

whichever occurred first. To control for differences in questionnaire design and follow-up pro-

cedures, all models were stratified by study centre. Models were further stratified by age at

recruitment (continuous) to allow the form of the baseline hazard functions to vary across ages.

All models were fitted for men and women separately, and adjusted for weight (kg, quintiles),

combined recreational and household physical activity (inactive, moderately inactive, moder-

ately active, active, unknown), alcohol consumption (0,>0–4, 5–14, 15–29, 30–59,� 60 g/day),

smoking status (never, former smokers (who quit<10 or�10 years ago), current smokers (1–

14, 15–24 or�25 cigarettes per day), current smoker but amount missing (unknown smoking

status), education level (none/primary school, technical or professional school, secondary

school, university degree, not specified/missing) and energy intake (kcals/day, continuous).

Moreover, the Cox models for women were further adjusted for menopausal status (pre, post-,

peri-menopausal or unknown) and menopausal hormone use (yes, no, unknown). Potential

non-linearity of the dose-response relationship was investigated using restricted cubic spline

regression with knots placed at the 5th, 25th, 75th and 95th percentiles of height and correspond-

ing likelihood ratio tests to compare the goodness-of-fit of the models with and without the

spline terms [18, 19]. Because linearity could indeed be assumed, we computed a test for trend

based on models with height and sitting height as a continuous variable.

Finally, we conducted interaction analyses to examine the relation between sitting height

and overall height in relation to mortality; for these analyses we categorized height and sitting

height into tertiles (low, middle and high) and examined risks within each combined strata

and calculated a P-value for the interaction term. In addition, we examined interaction terms

for height (as a continuous variable, per 5cm increment) and all-cause and cause-specific mor-

tality according to country, age at recruitment, body mass index (BMI), smoking status and

alcohol intake.

All reported P-values were two-sided and were regarded as statistically significant if

P<0.05. The potential for multiple comparisons was addressed by examining Bonferroni cor-

rection; p = 0.004 (0.05/13 variables). All analyses were performed using Statistical Analysis

Software (SAS version 9.1, SAS Institute, Cary, NC).

Height, sitting height and mortality
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Results

After an average follow-up of 12.5 years (range 0.01–17.8), 29,810 participants (15,320 men

and 14,490 women) had died from any cause among all 409,748 participants. Out of all deaths

with a reported cause (n = 25,526), major causes were cancer (n = 11,931), diseases of the cir-

culatory system (n = 7,346) and the respiratory tract (n = 1,266). Among participants with data

on sitting height, there were 15,630 all-cause deaths, 6,909 deaths from cancer, and 3,656

deaths from circulatory diseases. Participants who were taller, compared with those who were

shorter, were younger, heavier, had higher energy intakes and were more physically active.

The proportion of current smokers was lower in taller men but there was a higher proportion

of current smokers in taller women; furthermore, taller women were more likely to have a

higher education level, consume higher levels of alcohol, to be premenopausal, and among

post-menopausal women, were more likely to use menopausal hormones (Table 1). After

excluding individuals without data for sitting height, the characteristics were similar to those

with measured height (data not shown).

Tables 2 and 3 shows the HRs for height and all-cause and cause-specific mortality in

men and women, respectively. There was a statistically significant linear inverse association

between height and all-cause mortality in men (HRQ5 vs. Q1 = 0.85, 95%CI = 0.80–0.91, p for

trend<0.01), but no association was observed in women (HRQ5 vs. Q1 = 1.01, 95%CI = 0.95–

1.08, p for trend = 0.66). We observed a positive association between height and death from

cancer in both sexes (HRQ5 vs. Q1 = 1.11, 95%CI = 1.00–1.24, p for trend = 0.08 in men;

HRQ5 vs. Q1 = 1.17, 95%CI = 1.07–1.28, p for trend<0.01 in women). HRs for smoking-re-

lated cancers and non-smoking-related cancers were not substantially different (Table 3).

In contrast, height was inversely associated with the risk of death from circulatory disease in

both sexes (HRQ5 vs. Q1 = 0.63, 95%CI = 0.56–0.71, p for trend<0.01 in men; HRQ5 vs. Q1 =

0.81, 95%CI = 0.70–0.93, p for trend<0.01 in women). Furthermore, height was inversely

associated with ischaemic heart disease and myocardial infarction in both men and women,

as well as cerebrovascular disease mortality in men only. There was no association between

height and death from stroke or respiratory diseases in men or women. Excluding subjects

with a past history of cancer, cardiovascular disease or diabetes (n = 38,760) yielded similar

results (data not shown).

Tables 4 and 5 shows the HRs for sitting height and all-cause and cause-specific mortality

in men and women, respectively. We observed inverse associations for sitting height and all-

cause mortality in both men and women (HRQ5 vs. Q1 = 0.81, 95%CI = 0.74–0.88, p for

trend<0.01 in men; HRQ5 vs. Q1 = 0.86, 95%CI = 0.79–0.94, p for trend<0.01 in women). In

contrast to the findings for overall height, we did not observe an association between sitting

height and cancer mortality in either men or women. The associations between sitting height

and circulatory disease mortality were similar to the inverse findings for overall height. In

addition, we observed an inverse association between sitting height and death from haemor-

rhagic stroke in men only (HRQ5 vs. Q1 = 0.44, 95%CI = 0.23–0.84, p for trend<0.01) and from

respiratory disease in men and women (HRQ5 vs. Q1 = 0.45, 95%CI = 0.28–0.71, p for trend

<0.01; HRQ5 vs. Q1 = 0.60, 95%CI = 0.40–0.89, p for trend<0.01, respectively). When we ana-

lysed the association between sitting height and mortality, additional adjustment for overall

height did not substantially change our results.

We also investigated interactions between sitting height and overall height in relation to

mortality (Table 6). Taller overall height and taller sitting height was strongly inversely associ-

ated with death from respiratory disease in men (Pinteraction = 0.03) but not women. However,

there were no significant interactions between sitting height and overall height in relation to

all-cause, cancer or circulatory disease mortality. Interaction terms for overall height and

Height, sitting height and mortality

PLOSONE | DOI:10.1371/journal.pone.0173117 March 3, 2017 5 / 17



T
a
b
le

1
.
B
a
s
e
li
n
e
c
h
a
ra
c
te
ri
s
ti
c
s
a
c
c
o
rd
in
g
to

h
e
ig
h
t.

C
h
a
ra
c
te
ri
s
ti
c

H
e
ig
h
t

<1
6
8
c
m

(n
=
2
4
,6
2
4
)

1
6
8
-1
7
2
c
m

(n
=
3
2
,3
1
7
)

1
7
3
-1
7
5
c
m

(n
=
2
3
,1
2
6
)

1
7
6
-1
8
0
c
m

(n
=
3
5
,1
4
1
)

≧181c
m

(n
=
2
9
,7
5
4
)

%
M
e
d
ia
n
(1
0
–
9
0
%
)

%
M
e
d
ia
n
(1
0
–
9
0
%
)

%
M
e
d
ia
n
(1
0
–
9
0
%
)

%
M
e
d
ia
n
(1
0
–
9
0
%
)

%
M
e
d
ia
n
(1
0
–
9
0
%
)

M
E
N

A
g
e
a
t
re
c
ru
itm

e
n
t
(y
e
a
rs
)

5
5
.8

(4
2
.9
–
6
7
.5
)

5
4
.0

(4
1
.1
–
6
4
.9
)

5
3
.3

(4
0
.1
–
6
4
.2
)

5
2
.3

(3
9
.1
–
6
3
.3
)

5
0
.7

(3
2
.7
–
6
1
.6
)

W
e
ig
h
t
(g
)

7
3
.0

(6
1
.4
–
8
7
.0
)

7
7
.0

(6
5
.5
–
9
1
.2
)

7
9
.4

(6
7
.9
–
9
4
.3
)

8
1
.8

(7
0
.0
–
9
7
.2
)

8
6
.5

(7
3
.6
–
1
0
3
.5
)

E
d
u
c
a
tio

n

N
o
n
e

1
3

5
2

1
0
.3

P
ri
m
a
ry

s
c
h
o
o
lc
o
m
p
le
te
d

4
3

3
5

3
1

2
5

1
8

T
e
c
h
n
ic
a
l/p

ro
fe
s
s
io
n
a
ls
c
h
o
o
lc
o
m
p
le
te
d

1
8

2
3

2
5

2
7

2
6

S
e
c
o
n
d
a
ry

s
c
h
o
o
lc
o
m
p
le
te
d

9
1
2

1
3

1
4

1
7

U
n
iv
e
rs
ity

1
4

2
2

2
6

3
1

3
7

M
is
s
in
g

3
3

3
3

2

S
m
o
k
in
g
s
ta
tu
s

N
e
v
e
r
s
m
o
k
e
rs

3
0

3
1

3
2

3
4

3
7

F
o
rm

e
r
s
m
o
k
e
rs

3
7

3
8

3
8

3
7

3
4

T
im

e
s
in
c
e
s
to
p
p
e
d
s
m
o
k
in
g
(y
e
a
rs
)

1
3
.0

(2
.5
–
3
1
.0
)

1
4
.5

(3
.0
–
3
1
.0
)

1
4
.5

(2
.5
–
3
1
.0
)

1
5
.0

(2
.5
–
3
0
.5
)

1
4
.0

(2
.5
–
2
9
.0
)

D
u
ra
tio

n
o
f
s
m
o
k
in
g
(y
e
a
rs
)

2
3
(8
–
4
0
)

2
1
(7
–
3
8
)

2
0
(6
–
3
7
)

2
0
(6
–
3
6
)

1
8
(5
–
3
4
)

C
u
rr
e
n
t
s
m
o
k
e
rs

3
2

3
0

3
0

2
8

2
8

N
o
.
o
f
c
ifa

re
tt
e
s
/d
a
y

1
8
(4
–
3
1
)

1
8
(4
–
3
0
)

1
7
(5
–
3
0
)

1
7
(4
–
3
0
)

1
5
(4
–
3
0
)

D
u
ra
tio

n
o
f
s
m
o
k
in
g
(y
e
a
rs
)

3
4
.5

(2
2
.5
–
4
8
)

3
4
.5

(2
1
–
4
6
)

3
4
(2
0
.5
–
4
5
.5
)

3
3
.5

(1
9
.5
–
4
5
)

3
2
(1
4
.5
–
4
3
.5
)

M
is
s
in
g

2
2

1
1

1

A
lc
o
h
o
lc
o
n
s
u
m
p
tio

n
(g
/d
a
y
)

1
2
.3

(0
–
5
.1
9
)

1
2
.6

(0
.4
–
5
1
.0
)

1
2
.6

(0
.6
–
5
0
.9
)

1
2
.5

(0
.8
–
4
8
.6
)

1
2
.3

(0
.9
–
4
8
.1
)

N
o
n
-c
o
n
s
u
m
e
rs

1
1

7
6

5
4

P
h
y
s
ic
a
la

c
tiv
ity

A
c
tiv
e

2
1

2
4

2
5

2
5

2
6

T
o
ta
le

n
e
rg
y
in
ta
k
e
(k
c
a
l/d

a
y
)

2
,2
6
2
(1
,5
4
3
–
3
,2
0
1
)

2
,3
1
5
(1
,5
9
9
–
3
,2
4
8
)

2
,3
3
7
(1
,6
1
2
–
3
,2
6
2
)

2
,3
5
1
(1
,6
2
7
–
3
,2
9
8
)

2
,4
3
9
(1
,6
8
7
–
3
,3
9
4
)

<1
5
6
c
m

(n
=
4
8
,5
4
7
)

1
5
6
-1
5
9
c
m

(n
=
5
1
,0
4
9
)

1
6
0
-1
6
2
c
m

(n
=
4
7
,0
8
8
)

1
6
3
-1
6
7
c
m

(n
=
6
6
,3
9
7
)

≧168c
m

(n
=
5
1
,7
0
5
)

%
M
e
d
ia
n
(1
0
–
9
0
%
)

%
M
e
d
ia
n
(1
0
–
9
0
%
)

%
M
e
d
ia
n
(1
0
–
9
0
%
)

%
M
e
d
ia
n
(1
0
–
9
0
%
)

%
M
e
d
ia
n
(1
0
–
9
0
%
)

W
O
M
E
N

A
g
e
a
t
re
c
ru
itm

e
n
t
(y
e
a
rs
)

5
4
.6

(4
0
.8
–
6
6
.8
)

5
2
.7

(3
8
.6
–
6
4
.6
)

5
1
.7

(3
7
.5
–
6
3
.8
)

5
1
.3

(3
6
.4
–
6
3
.1
)

5
0
.0

(3
0
.4
–
6
0
.9
)

W
e
ig
h
t
(g
)

6
1
.7

(5
0
.1
–
7
8
.1
)

6
2
.5

(5
1
.6
–
7
9
.8
)

6
3
.8

(5
3
.1
–
8
1
.0
)

6
5
.5

(5
5
.0
–
8
2
.8
)

6
8
.7

(5
8
.2
–
8
6
.0
)

E
d
u
c
a
tio

n

N
o
n
e

1
8

7
3

2
0
.4

P
ri
m
a
ry

s
c
h
o
o
lc
o
m
p
le
te
d

4
0

3
2

2
7

2
2

1
5

T
e
c
h
n
ic
a
l/p

ro
fe
s
s
io
n
a
ls
c
h
o
o
lc
o
m
p
le
te
d

1
3

2
1

2
5

2
8

3
0

S
e
c
o
n
d
a
ry

s
c
h
o
o
lc
o
m
p
le
te
d

1
3

1
6

1
8

1
9

2
1

U
n
iv
e
rs
ity

1
1

1
8

2
2

2
4

3
1

M
is
s
in
g

4
6

5
5

3
.6

S
m
o
k
in
g
s
ta
tu
s

N
e
v
e
r
s
m
o
k
e
rs

6
7

5
9

5
5

5
2

5
0

F
o
rm

e
r
s
m
o
k
e
rs

1
6

2
1

2
4

2
5

2
7

T
im

e
s
in
c
e
s
to
p
p
e
d
s
m
o
k
in
g
(y
e
a
rs
)

1
4
.0

(2
.5
–
3
1
.0
)

1
4
.0

(2
.5
–
3
0
.0
)

1
4
.0

(2
.5
–
2
9
.5
)

1
4
.0

(2
.5
–
2
9
.0
)

1
3
.0

(2
.0
–
2
7
.5
)

D
u
ra
tio

n
o
f
s
m
o
k
in
g
(y
e
a
rs
)

1
7
.0

(4
.0
–
3
4
.0
)

1
6
.0

(4
.0
–
3
3
.0
)

1
6
.0

(4
.0
–
3
2
.0
)

1
5
.0

(4
.0
–
3
2
.0
)

1
4
.0

(4
.0
–
3
1
.0
)

C
u
rr
e
n
t
s
m
o
k
e
rs

1
6

1
9

2
0

2
1

2
3

(C
o
n
ti
n
u
e
d
)

Height, sitting height and mortality

PLOSONE | DOI:10.1371/journal.pone.0173117 March 3, 2017 6 / 17



T
a
b
le

1
.
(C

o
n
ti
n
u
e
d
)

C
h
a
ra
c
te
ri
s
ti
c

H
e
ig
h
t

N
o
.
o
f
c
ifa

re
tt
e
s
/d
a
y

1
1
.0

(3
.0
–
2
1
.0
)

1
1
.0

(3
.0
–
2
1
.0
)

1
1
.0

(3
.0
–
2
1
.0
)

1
2
.0

(3
.0
–
2
1
.0
)

1
2
.0

(3
.0
–
2
1
.0
)

D
u
ra
tio

n
o
f
s
m
o
k
in
g
(y
e
a
rs
)

2
7
.0

(1
0
.5
–
4
2
.0
)

2
8
.5

(1
5
.5
–
4
2
.5
)

2
9
.5

(1
6
.0
–
4
2
.5
)

3
0
.0

(1
5
.5
–
4
2
.0
)

2
9
.0

(1
2
.5
–
4
0
.5
)

M
is
s
in
g

1
1

1
1

1

A
lc
o
h
o
lc
o
n
s
u
m
p
tio

n
(g
/d
a
y
)

1
.3

(0
–
1
7
.7
)

2
.8

(0
–
2
0
.7
)

3
.8

(0
–
2
2
.7
)

4
.5

(0
–
2
3
.8
)

5
.6

(0
.2
–
2
5
.6
)

N
o
n
-c
o
n
s
u
m
e
rs

2
0

1
9

1
4

1
1

8

P
h
y
s
ic
a
la

c
tiv
ity

A
c
tiv
e

9
1
4

1
7

1
9

2
3

T
o
ta
le

n
e
rg
y
in
ta
k
e
(k
c
a
l/d

a
y
)

1
,8
0
8
(1
,2
3
1
–
2
,5
8
6
)

1
,8
5
2
(1
,2
8
2
–
2
,6
1
8
)

1
,8
7
3
(1
,3
0
3
–
2
,6
3
7
)

1
,8
8
6
(1
,3
1
7
–
2
,6
4
2
)

1
,9
2
3
(1
,3
4
9
–
2
,6
7
8
)

M
e
n
o
p
a
u
s
a
ls
ta
tu
s

P
re
m
e
n
o
p
a
u
s
a
l

2
8

3
3

3
5

3
6

4
4

P
o
s
tm

e
n
o
p
a
u
s
a
l

5
5

4
9

4
6

4
4

3
7

P
e
ri
m
e
n
o
p
a
u
s
a
l

1
2

1
4

1
5

1
7

1
7

S
u
rg
ic
a
lp

o
s
tm

e
n
o
p
a
u
s
a
l

5
4

4
3

2

U
s
e
o
f
m
e
n
o
p
a
u
s
a
lh

o
rm

o
n
e

y
e
s

1
8

2
2

2
4

2
5

2
3

M
is
s
in
g

5
8

9
1
1

1
1

d
o
i:1
0.
13
71
/jo
ur
na
l.p
on
e.
01
73
11
7.
t0
01

Height, sitting height and mortality

PLOSONE | DOI:10.1371/journal.pone.0173117 March 3, 2017 7 / 17



T
a
b
le

2
.
H
a
z
a
rd

ra
ti
o
s
*
a
n
d
9
5
%

c
o
n
fi
d
e
n
c
e
in
te
rv
a
ls

fo
r
a
ll
c
a
u
s
e
a
n
d
c
a
u
s
e
-s
p
e
c
if
ic

m
o
rt
a
li
ty

a
c
c
o
rd
in
g
to

h
e
ig
h
t
in

m
e
n
.

H
e
ig
h
t

C
a
u
s
e
o
f
d
e
a
th

<1
6
8
c
m

1
6
8
-<
1
7
3
c
m

1
7
3
-<
1
7
6
c
m

1
7
6
-<
1
8
1
c
m

≧181c
m

P
fo
r
li
n
e
a
r
tr
e
n
d
†

H
R
(9
5
%

C
I)
p
e
r
5
c
m

in
c
re
a
s
e
in

h
e
ig
h
t

A
ll-
c
a
u
s
e
m
o
rt
a
lit
y

P
e
rs
o
n
-y
e
a
rs

2
9
3
,9
8
6

3
9
0
,2
9
0

2
8
0
,3
8
9

4
3
1
,0
0
3

3
6
9
,3
2
8

D
e
a
th
s

3
,4
1
6

3
,7
5
3

2
,4
6
4

3
,3
1
1

2
,3
7
6

H
R
(9
5
%

C
I)

1
0
.9
3
(0
.8
9
–
0
.9
8
)

0
.9
1
(0
.8
6
–
0
.9
6
)

0
.8
6
(0
.8
1
–
0
.9
1
)

0
.8
5
(0
.8
0
–
0
.9
1
)

<0
.0
1

0
.9
6
(0
.9
4
–
0
.9
7
)

C
a
u
s
e
-s
p
e
c
ifi
c
m
o
rt
a
lit
y

P
e
rs
o
n
-y
e
a
rs

2
7
7
,0
3
7

3
6
3
,3
9
3

2
6
0
,1
3
9

3
9
9
,9
6
7

3
4
4
,0
4
7

C
a
n
c
e
r

D
e
a
th
s

1
,1
1
2

1
,3
3
8

9
0
5

1
,2
4
9

9
1
6

H
R
(9
5
%

C
I)

1
1
.0
5
(0
.9
7
–
1
.1
5
)

1
.0
7
(0
.9
7
–
1
.1
7
)

1
.0
6
(0
.9
6
–
1
.1
7
)

1
.1
1
(1
.0
0
–
1
.2
4
)

0
.0
8

1
.0
3
(1
.0
0
–
1
.0
5
)

S
m
o
k
in
g
-r
e
la
te
d
c
a
n
c
e
r

D
e
a
th
s

4
5
3

5
7
4

3
7
3

5
1
9

3
8
9

H
R
(9
5
%

C
I)

1
1
.2
6
(1
.0
5
–
1
.5
2
)

1
.2
1
(0
.9
8
–
1
.5
0
)

1
.3
0
(1
.0
6
–
1
.5
9
)

1
.0
4
(0
.8
3
–
1
.3
1
)

0
.9
3

0
.9
9
(0
.9
5
–
1
.0
4
)

N
o
n
s
m
o
k
in
g
-r
e
la
te
d
c
a
n
c
e
r

D
e
a
th
s

6
5
9

7
6
4

5
3
2

7
3
0

5
2
7

H
R
(9
5
%

C
I)

1
0
.9
5
(0
.8
2
–
1
.0
9
)

0
.9
4
(0
.8
0
–
1
.1
0
)

1
.0
7
(0
.9
1
–
1
.2
5
)

0
.8
6
(0
.7
2
–
1
.0
3
)

0
.3
6

0
.9
8
(0
.9
5
–
1
.0
2
)

C
ir
c
u
la
to
ry

d
is
e
a
s
e

D
e
a
th
s

1
,1
6
6

1
,0
6
5

7
1
5

8
4
5

6
0
8

H
R
(9
5
%

C
I)

1
0
.7
9
(0
.7
3
–
0
.8
7
)

0
.7
8
(0
.7
1
–
0
.8
7
)

0
.6
4
(0
.5
8
–
0
.7
2
)

0
.6
3
(0
.5
6
–
0
.7
1
)

<0
.0
1

0
.8
8
(0
.8
6
–
0
.9
0
)

Is
c
h
a
e
m
ic
h
e
a
rt
d
is
e
a
s
e

D
e
a
th
s

6
3
2

5
9
4

4
1
2

4
8
3

3
2
3

H
R
(9
5
%

C
I)

1
0
.7
5
(0
.6
6
–
0
.8
4
)

0
.7
5
(0
.6
5
–
0
.8
6
)

0
.5
9
(0
.5
2
–
0
.6
8
)

0
.5
4
(0
.4
6
–
0
.6
3
)

<0
.0
1

0
.8
6
(0
.8
3
–
0
.8
9
)

M
y
o
c
a
rd
ia
li
n
fa
rc
tio

n
D
e
a
th
s

3
1
9

3
1
1

2
0
7

2
6
7

1
7
2

H
R
(9
5
%

C
I)

1
0
.7
8
(0
.6
6
–
0
.9
2
)

0
.7
5
(0
.6
2
–
0
.9
1
)

0
.6
4
(0
.5
3
–
0
.7
7
)

0
.5
4
(0
.4
3
–
0
.6
7
)

<0
.0
1

0
.8
6
(0
.8
2
–
0
.9
0
)

C
e
re
b
ro
v
a
s
c
u
la
r
d
is
e
a
s
e

D
e
a
th
s

2
3
8

1
8
2

1
1
2

1
2
4

9
5

H
R
(9
5
%

C
I)

1
0
.8
1
(0
.6
6
–
1
.0
0
)

0
.8
0
(0
.6
2
–
1
.0
3
)

0
.6
5
(0
.5
0
–
0
.8
4
)

0
.7
3
(0
.5
4
–
0
.9
9
)

<0
.0
1

0
.9
1
(0
.8
6
–
0
.9
7
)

H
a
e
m
o
rr
h
a
g
ic
s
tr
o
k
e

D
e
a
th
s

6
1

5
9

3
4

4
5

4
4

H
R
(9
5
%

C
I)

1
0
.8
0
(0
.5
4
–
1
.1
8
)

0
.6
5
(0
.4
1
–
1
.0
4
)

0
.6
1
(0
.3
8
–
0
.9
6
)

0
.7
3
(0
.4
4
–
1
.2
0
)

0
.1
3

0
.8
9
(0
.7
9
–
0
.9
9
)

Is
c
h
e
m
ic
s
tr
o
k
e

D
e
a
th
s

3
3

2
1

1
2

2
6

1
7

H
R
(9
5
%

C
I)

1
0
.4
7
(0
.2
6
–
0
.8
5
)

0
.3
6
(0
.1
8
–
0
.7
4
)

0
.6
0
(0
.3
3
–
1
.1
1
)

0
.5
5
(0
.2
7
–
1
.1
4
)

0
.2
0

0
.8
5
(0
.7
2
–
1
.0
1
)

R
e
s
p
ir
a
to
ry

d
is
e
a
s
e

D
e
a
th
s

1
9
1

1
6
5

9
8

1
1
8

6
6

H
R
(9
5
%

C
I)

1
0
.9
6
(0
.7
7
–
1
.2
1
)

1
.0
1
(0
.7
7
–
1
.3
2
)

0
.9
5
(0
.7
2
–
1
.2
4
)

0
.8
7
(0
.6
2
–
1
.2
3
)

0
.4
9

0
.9
7
(0
.9
0
–
1
.0
4
)

O
th
e
r
c
a
u
s
e
o
f
d
e
a
th

D
e
a
th
s

5
9
5

6
2
4

3
8
9

5
6
7

4
3
1

H
R
(9
5
%

C
I)

1
0
.8
6
(0
.7
6
–
0
.9
7
)

0
.7
7
(0
.6
7
–
0
.8
8
)

0
.7
6
(0
.6
7
–
0
.8
8
)

0
.7
4
(0
.6
4
–
0
.8
7
)

<0
.0
1

0
.9
2
(0
.8
9
–
0
.9
5
)

*
H
a
z
a
rd

ra
tio

s
(H

R
)
a
n
d
9
5
%

c
o
n
fi
d
e
n
ce

in
te
rv
a
ls
(9
5
%

C
I)
e
s
tim

a
te
d
in
a
C
o
x
re
g
re
s
s
io
n
m
o
d
e
ls
tr
a
tifi
e
d
b
y
c
e
n
tr
e
,1

-y
e
a
r
a
g
e
a
n
d
5
-y
e
a
r
b
ir
th

c
o
h
o
rt
c
a
te
g
o
ri
e
s
,
a
d
ju
s
te
d
fo
r

e
d
u
c
a
tio

n
le
v
e
l(
n
o
n
e
,/
p
ri
m
a
ry

s
c
h
o
o
lc
o
m
p
le
te
d
,
te
c
h
n
ic
a
l/p

ro
fe
s
s
io
n
a
ls
c
h
o
o
l,
s
e
c
o
n
d
a
ry

s
c
h
o
o
l,
u
n
iv
e
rs
ity

d
e
g
re
e
,
n
o
t
s
p
e
c
ifi
e
d
),
s
m
o
k
in
g
s
ta
tu
s
(n
e
v
e
r
s
m
o
k
e
r,
fo
rm

e
r
s
m
o
k
e
r

w
h
o
q
u
it
<1

0
y
e
a
rs

a
g
o
,
fo
rm

e
r
s
m
o
k
e
r
w
h
o
q
u
it
>1

0
y
e
a
rs

a
g
o
,
fo
rm

e
r
s
m
o
k
e
r,
u
n
k
n
o
w
n
w
h
e
n
q
u
it,

c
u
rr
e
n
t
s
m
o
k
e
r
o
f
1
–
1
4
c
ig
a
re
tt
e
s
a
d
a
y
,
c
u
rr
e
n
t
s
m
o
k
e
r
o
f
1
5
–
2
4
c
ig
a
re
tt
e
s
a

d
a
y
,
c
u
rr
e
n
t
s
m
o
k
e
r
o
f
>
=
2
5
c
ig
a
re
tt
e
s
a
d
a
y
,
c
u
rr
e
n
t
s
m
o
k
e
r
b
u
t
a
m
o
u
n
t
m
is
s
in
g
,
s
m
o
k
in
g
s
ta
tu
s
u
n
k
n
o
w
n
),
p
h
y
s
ic
a
la

c
tiv
ity

(i
n
a
c
tiv
e
,
m
o
d
e
ra
te
ly
in
a
c
tiv
e
,
m
o
d
e
ra
te
ly
a
c
tiv
e
,

a
c
tiv
e
),
a
lc
o
h
o
lc
o
n
s
u
m
p
tio

n
(0
,
0
-<
5
,
5
-<
1
5
,
1
5
-<
3
0
,
3
0
-<
6
0
,>

=
6
0
g
/d
a
y
),
w
e
ig
h
t
(q
u
in
til
e
s
),
in
ta
k
e
o
f
e
n
e
rg
y
(k
c
a
ls
/d
a
y
,
c
o
n
tin

u
o
u
s)
.

†
M
e
d
ia
n
v
a
lu
e
s
o
f
e
a
c
h
c
a
te
g
o
ry

a
s
c
o
n
tin

u
o
u
s
v
a
ri
a
b
le
(c
m
).

d
o
i:1
0.
13
71
/jo
ur
na
l.p
on
e.
01
73
11
7.
t0
02

Height, sitting height and mortality

PLOSONE | DOI:10.1371/journal.pone.0173117 March 3, 2017 8 / 17



T
a
b
le

3
.
H
a
z
a
rd

ra
ti
o
s
*
a
n
d
9
5
%

c
o
n
fi
d
e
n
c
e
in
te
rv
a
ls

fo
r
a
ll
c
a
u
s
e
a
n
d
c
a
u
s
e
-s
p
e
c
if
ic

m
o
rt
a
li
ty

a
c
c
o
rd
in
g
to

h
e
ig
h
t
in

w
o
m
e
n
.

H
e
ig
h
t

C
a
u
s
e
o
f
d
e
a
th

<1
5
6
c
m

1
5
6
-<
1
6
0
c
m

1
6
0
-<
1
6
3
c
m

1
6
3
-<
1
6
8
c
m

≧168c
m

P
fo
r
li
n
e
a
r
tr
e
n
d
†

H
R
(9
5
%

C
I)
p
e
r
5
c
m

in
c
re
a
s
e
in

h
e
ig
h
t

A
ll-
c
a
u
s
e
m
o
rt
a
lit
y

P
e
rs
o
n
-y
e
a
rs

5
9
0
,4
6
8

6
2
8
,6
5
7

5
8
1
,6
5
5

6
8
0
,7
3
1

7
9
1
,0
6
0

D
e
a
th
s

3
,1
6
7

2
,8
8
4

2
,6
9
5

2
,8
7
9

2
,8
6
5

H
R
(9
5
%

C
I)

1
0
.9
7
(0
.9
2
–
1
.0
2
)

1
.0
4
(0
.9
9
–
1
.1
0
)

0
.9
8
(0
.9
3
–
1
.0
4
)

1
.0
1
(0
.9
5
–
1
.0
8
)

0
.6
6

1
.0
0
(0
.9
9
–
1
.0
2
)

C
a
u
s
e
-s
p
e
c
ifi
c
m
o
rt
a
lit
y

P
e
rs
o
n
-y
e
a
rs

5
5
4
,3
0
4

5
8
7
,9
2
6

5
4
3
,4
4
0

6
3
5
,6
8
8

7
4
5
,8
2
8

C
a
n
c
e
r

D
e
a
th
s

1
,1
3
8

1
,2
5
4

1
,2
0
1

1
,3
3
5

1
,4
8
3

H
R
(9
5
%

C
I)

1
1
.0
7
(0
.9
8
–
1
.1
6
)

1
.1
4
(1
.0
4
–
1
.2
4
)

1
.0
9
(0
.9
9
–
1
.1
9
)

1
.1
7
(1
.0
7
–
1
.2
8
)

<0
.0
1

1
.0
5
(1
.0
2
–
1
.0
7
)

S
m
o
k
in
g
-r
e
la
te
d
c
a
n
c
e
r

D
e
a
th
s

5
0
3

5
1
2

5
4
2

5
4
0

5
5
1

H
R
(9
5
%

C
I)

1
0
.9
7
(0
.8
1
–
1
.1
7
)

1
.0
8
(0
.8
9
–
1
.3
1
)

0
.9
8
(0
.8
1
–
1
.1
9
)

0
.9
8
(0
.8
0
–
1
.2
0
)

0
.7
9

1
.0
0
(0
.9
5
–
1
.0
4
)

N
o
n
s
m
o
k
in
g
-r
e
la
te
d
c
a
n
c
e
r

D
e
a
th
s

6
3
5

7
4
2

6
5
9

7
9
5

9
3
2

H
R
(9
5
%

C
I)

1
1
.1
2
(0
.9
6
–
1
.3
0
)

1
.1
1
(0
.9
5
–
1
.3
0
)

1
.0
0
(0
.8
6
–
1
.1
7
)

1
.1
0
(0
.9
4
–
1
.2
8
)

0
.6
2

1
.0
1
(0
.9
7
–
1
.0
5
)

C
ir
c
u
la
to
ry

d
is
e
a
s
e

D
e
a
th
s

8
4
2

6
3
8

5
0
6

5
2
1

4
4
0

H
R
(9
5
%

C
I)

1
0
.9
5
(0
.8
5
–
1
.0
6
)

0
.9
2
(0
.8
2
–
1
.0
4
)

0
.8
6
(0
.7
6
–
0
.9
8
)

0
.8
1
(0
.7
0
–
0
.9
3
)

<0
.0
1

0
.9
4
(0
.9
1
–
0
.9
7
)

Is
c
h
a
e
m
ic
h
e
a
rt
d
is
e
a
s
e

D
e
a
th
s

3
0
3

2
3
3

1
7
9

1
8
8

1
3
5

H
R
(9
5
%

C
I)

1
0
.8
9
(0
.7
5
–
1
.0
7
)

0
.8
3
(0
.6
8
–
1
.0
1
)

0
.7
8
(0
.6
4
–
0
.9
6
)

0
.6
1
(0
.4
8
–
0
.7
8
)

<0
.0
1

0
.8
8
(0
.8
3
–
0
.9
3
)

M
y
o
c
a
rd
ia
li
n
fa
rc
tio

n
D
e
a
th
s

1
4
7

1
1
3

1
0
9

1
1
0

8
4

H
R
(9
5
%

C
I)

1
0
.8
6
(0
.6
6
–
1
.1
2
)

0
.9
6
(0
.7
3
–
1
.2
6
)

0
.8
4
(0
.6
3
–
1
.1
2
)

0
.6
7
(0
.4
9
–
0
.9
2
)

0
.0
2

0
.8
9
(0
.8
2
–
0
.9
6
)

C
e
re
b
ro
v
a
s
c
u
la
r
d
is
e
a
s
e

D
e
a
th
s

2
7
4

1
9
7

1
8
0

1
5
8

1
3
4

H
R
(9
5
%

C
I)

1
0
.9
4
(0
.7
7
–
1
.1
4
)

1
.0
7
(0
.8
7
–
1
.3
2
)

0
.8
8
(0
.7
0
–
1
.1
0
)

0
.8
4
(0
.6
5
–
1
.0
7
)

0
.1
5

0
.9
6
(0
.9
0
–
1
.0
2
)

H
a
e
m
o
rr
h
a
g
ic
s
tr
o
k
e

D
e
a
th
s

7
3

7
3

6
4

6
6

6
7

H
R
(9
5
%

C
I)

1
0
.9
8
(0
.7
0
–
1
.3
7
)

0
.9
9
(0
.6
9
–
1
.4
3
)

0
.8
8
(0
.6
1
–
1
.2
8
)

0
.8
9
(0
.6
0
–
1
.3
3
)

0
.4
8

0
.9
7
(0
.8
8
–
1
.0
7
)

Is
c
h
e
m
ic
s
tr
o
k
e

D
e
a
th
s

2
1

2
5

2
7

2
2

1
6

H
R
(9
5
%

C
I)

1
0
.9
9
(0
.5
4
–
1
.8
0
)

1
.1
0
(0
.6
0
–
2
.0
3
)

0
.7
7
(0
.4
0
–
1
.4
8
)

0
.5
9
(0
.2
8
–
1
.2
2
)

0
.1
0

0
.8
6
(0
.7
2
–
1
.0
1
)

R
e
s
p
ir
a
to
ry

d
is
e
a
s
e

D
e
a
th
s

1
7
9

1
0
8

1
1
8

1
3
4

8
9

H
R
(9
5
%

C
I)

1
0
.7
2
(0
.5
6
–
0
.9
3
)

0
.9
5
(0
.7
3
–
1
.2
3
)

0
.9
8
(0
.7
5
–
1
.2
6
)

0
.7
5
(0
.5
6
–
1
.0
1
)

0
.3
1

0
.9
6
(0
.8
9
–
1
.0
3
)

O
th
e
r
c
a
u
s
e
o
f
d
e
a
th

D
e
a
th
s

5
6
8

4
7
0

4
4
2

4
3
6

4
6
1

H
R
(9
5
%

C
I)

1
0
.9
1
(0
.8
0
–
1
.0
4
)

1
.0
1
(0
.8
8
–
1
.1
6
)

0
.8
8
(0
.7
6
–
1
.0
1
)

0
.9
5
(0
.8
2
–
1
.1
1
)

0
.4
4

0
.9
7
(0
.9
4
–
1
.0
1
)

*
H
a
z
a
rd

ra
tio

s
(H

R
)
a
n
d
9
5
%

c
o
n
fi
d
e
n
ce

in
te
rv
a
ls
(9
5
%

C
I)
e
s
tim

a
te
d
in
a
C
o
x
re
g
re
s
s
io
n
m
o
d
e
ls
tr
a
tifi
e
d
b
y
c
e
n
tr
e
,1

-y
e
a
r
a
g
e
a
n
d
5
-y
e
a
r
b
ir
th

c
o
h
o
rt
c
a
te
g
o
ri
e
s
,
a
d
ju
s
te
d
fo
r

e
d
u
c
a
tio

n
le
v
e
l(
n
o
n
e
,/
p
ri
m
a
ry

s
c
h
o
o
lc
o
m
p
le
te
d
,
te
c
h
n
ic
a
l/p

ro
fe
s
s
io
n
a
ls
c
h
o
o
l,
s
e
c
o
n
d
a
ry

s
c
h
o
o
l,
u
n
iv
e
rs
ity

d
e
g
re
e
,
n
o
t
s
p
e
c
ifi
e
d
),
s
m
o
k
in
g
s
ta
tu
s
(n
e
v
e
r
s
m
o
k
e
r,
fo
rm

e
r
s
m
o
k
e
r

w
h
o
q
u
it
<1

0
y
e
a
rs

a
g
o
,
fo
rm

e
r
s
m
o
k
e
r
w
h
o
q
u
it
>1

0
y
e
a
rs

a
g
o
,
fo
rm

e
r
s
m
o
k
e
r,
u
n
k
n
o
w
n
w
h
e
n
q
u
it,

c
u
rr
e
n
t
s
m
o
k
e
r
o
f
1
–
1
4
c
ig
a
re
tt
e
s
a
d
a
y
,
c
u
rr
e
n
t
s
m
o
k
e
r
o
f
1
5
–
2
4
c
ig
a
re
tt
e
s
a

d
a
y
,
c
u
rr
e
n
t
s
m
o
k
e
r
o
f
>
=
2
5
c
ig
a
re
tt
e
s
a
d
a
y
,
c
u
rr
e
n
t
s
m
o
k
e
r
b
u
t
a
m
o
u
n
t
m
is
s
in
g
,
s
m
o
k
in
g
s
ta
tu
s
u
n
k
n
o
w
n
),
p
h
y
s
ic
a
la

c
tiv
ity

(i
n
a
c
tiv
e
,
m
o
d
e
ra
te
ly
in
a
c
tiv
e
,
m
o
d
e
ra
te
ly
a
c
tiv
e
,

a
c
tiv
e
),
a
lc
o
h
o
lc
o
n
s
u
m
p
tio

n
(0
,
0
-<
5
,
5
-<
1
5
,
1
5
-<
3
0
,
3
0
-<
6
0
,>

=
6
0
g
/d
a
y
),
w
e
ig
h
t
(q
u
in
til
e
s
),
in
ta
k
e
o
f
e
n
e
rg
y
(k
c
a
ls
/d
a
y
,
c
o
n
tin

u
o
u
s)
,
m
e
n
o
p
a
u
s
a
ls
ta
tu
s
(p
re
,
p
o
s
t-
,
p
e
ri
-,

u
n
k
n
o
w
n
)
a
n
d
m
e
n
o
p
a
u
s
a
lh
o
rm

o
n
e
u
s
e
(y
e
s
,
n
o
,
u
n
k
n
o
w
n
).

†
M
e
d
ia
n
v
a
lu
e
s
o
f
e
a
c
h
c
a
te
g
o
ry

a
s
c
o
n
tin

u
o
u
s
v
a
ri
a
b
le
(c
m
).

d
o
i:1
0.
13
71
/jo
ur
na
l.p
on
e.
01
73
11
7.
t0
03

Height, sitting height and mortality

PLOSONE | DOI:10.1371/journal.pone.0173117 March 3, 2017 9 / 17



T
a
b
le

4
.
H
a
z
a
rd

ra
ti
o
s
*
a
n
d
9
5
%

c
o
n
fi
d
e
n
c
e
in
te
rv
a
ls

fo
r
a
ll
c
a
u
s
e
a
n
d
c
a
u
s
e
-s
p
e
c
if
ic

m
o
rt
a
li
ty

a
c
c
o
rd
in
g
to

s
it
ti
n
g
h
e
ig
h
t
in

m
e
n
.

S
it
ti
n
g
h
e
ig
h
t

C
a
u
s
e
o
f
d
e
a
th

<8
7
c
m

8
7
-<
8
9
c
m

8
9
-<
9
1
c
m

9
1
-<
9
3
c
m

≧93cm
P
fo
r
li
n
e
a
r
tr
e
n
d
†

H
R
(9
5
%

C
I)
p
e
r
1
c
m

in
c
re
a
s
e
in

h
e
ig
h
t

M
E
N

A
ll-
c
a
u
s
e
m
o
rt
a
lit
y

P
e
rs
o
n
-y
e
a
rs

1
9
0
,5
2
4

1
5
5
,1
6
6

1
9
3
,1
5
1

1
9
2
,9
4
5

2
7
1
,4
5
1

D
e
a
th
s

1
,8
9
4

1
,2
7
3

1
,5
3
1

1
,4
1
2

1
,8
3
9

H
R
(9
5
%

C
I)

1
0
.8
7
(0
.8
1
–
0
.9
4
)

0
.8
9
(0
.8
3
–
0
.9
6
)

0
.8
4
(0
.7
8
–
0
.9
1
)

0
.8
1
(0
.7
4
–
0
.8
8
)

<0
.0
1

0
.9
8
(0
.9
7
–
0
.9
9
)

C
a
u
s
e
-s
p
e
c
ifi
c
m
o
rt
a
lit
y

P
e
rs
o
n
-y
e
a
rs

1
8
3
,3
6
9

1
4
8
,5
6
7

1
8
4
,2
6
5

1
8
3
,5
4
0

2
5
5
,9
3
4

C
a
n
c
e
r

D
e
a
th
s

7
1
0

4
9
7

6
3
5

5
9
7

8
0
8

H
R
(9
5
%

C
I)

1
0
.9
1
(0
.8
0
–
1
.0
2
)

1
.0
1
(0
.9
0
–
1
.1
4
)

1
.0
1
(0
.8
9
–
1
.1
4
)

1
.0
7
(0
.9
4
–
1
.2
2
)

0
.2
9

1
.0
1
(0
.9
9
5
–
1
.0
2
)

S
m
o
k
in
g
-r
e
la
te
d
c
a
n
c
e
r

D
e
a
th
s

3
0
3

2
2
9

2
9
4

2
3
6

3
5
2

H
R
(9
5
%

C
I)

1
1
.2
8
(0
.9
7
–
1
.6
9
)

1
.2
1
(0
.9
3
–
1
.5
8
)

1
.3
2
(0
.9
9
–
1
.7
6
)

1
.3
0
(0
.9
8
–
1
.7
3
)

0
.6
6

1
.0
1
(0
.9
8
–
1
.0
3
)

N
o
n
s
m
o
k
in
g
-r
e
la
te
d
c
a
n
c
e
r

D
e
a
th
s

4
0
7

2
6
8

3
4
1

3
6
1

4
5
6

H
R
(9
5
%

C
I)

1
0
.8
2
(0
.6
6
–
1
.0
2
)

0
.8
3
(0
.6
7
–
1
.0
2
)

0
.9
0
(0
.7
3
–
1
.1
2
)

0
.7
8
(0
.6
3
–
0
.9
7
)

0
.0
9

0
.9
8
(0
.9
6
–
1
.0
0
)

C
ir
c
u
la
to
ry

d
is
e
a
s
e

D
e
a
th
s

6
1
5

3
6
7

4
2
5

3
5
3

4
4
3

H
R
(9
5
%

C
I)

1
0
.8
1
(0
.7
0
–
0
.9
3
)

0
.8
1
(0
.7
0
–
0
.9
3
)

0
.6
9
(0
.6
0
–
0
.8
1
)

0
.6
4
(0
.5
5
–
0
.7
5
)

<0
.0
1

0
.9
6
(0
.9
4
–
0
.9
7
)

Is
c
h
a
e
m
ic
h
e
a
rt
d
is
e
a
s
e

D
e
a
th
s

2
9
1

1
9
2

2
1
9

1
7
6

2
2
1

H
R
(9
5
%

C
I)

1
0
.8
4
(0
.6
9
–
1
.0
2
)

0
.8
1
(0
.6
7
–
0
.9
9
)

0
.6
7
(0
.5
4
–
0
.8
3
)

0
.6
2
(0
.5
0
–
0
.7
8
)

<0
.0
1

0
.9
5
(0
.9
3
–
0
.9
7
)

M
y
o
c
a
rd
ia
li
n
fa
rc
tio

n
D
e
a
th
s

1
5
9

1
0
1

1
1
9

1
0
0

1
1
3

H
R
(9
5
%

C
I)

1
0
.8
6
(0
.6
6
–
1
.1
2
)

0
.8
8
(0
.6
7
–
1
.1
5
)

0
.7
7
(0
.5
7
–
1
.0
3
)

0
.6
3
(0
.4
7
–
0
.8
6
)

<0
.0
1

0
.9
5
(0
.9
3
–
0
.9
8
)

C
e
re
b
ro
v
a
s
c
u
la
r
d
is
e
a
s
e

D
e
a
th
s

1
3
9

6
1

8
0

5
3

6
3

H
R
(9
5
%

C
I)

1
0
.7
2
(0
.5
2
–
0
.9
8
)

0
.8
7
(0
.6
4
–
1
.1
9
)

0
.6
2
(0
.4
3
–
0
.8
9
)

0
.5
6
(0
.3
8
–
0
.8
2
)

<0
.0
1

0
.9
6
(0
.9
3
–
0
.9
9
)

H
a
e
m
o
rr
h
a
g
ic
s
tr
o
k
e

D
e
a
th
s

3
6

2
2

2
9

2
0

2
6

H
R
(9
5
%

C
I)

1
0
.7
5
(0
.4
3
–
1
.3
2
)

0
.8
0
(0
.4
6
–
1
.3
9
)

0
.5
3
(0
.2
8
–
0
.9
9
)

0
.4
4
(0
.2
3
–
0
.8
4
)

<0
.0
1

0
.9
3
(0
.8
8
–
0
.9
8
)

Is
c
h
e
m
ic
s
tr
o
k
e

D
e
a
th
s

1
8

3
1
0

6
1
2

H
R
(9
5
%

C
I)

1
0
.2
4
(0
.0
7
–
0
.8
5
)

0
.7
1
(0
.2
9
–
1
.7
2
)

0
.4
6
(0
.1
6
–
1
.3
5
)

0
.7
2
(0
.2
6
–
1
.9
7
)

0
.8
5

0
.9
9
(0
.9
1
–
1
.0
9
)

R
e
s
p
ir
a
to
ry

d
is
e
a
s
e

D
e
a
th
s

1
1
0

6
0

4
1

4
6

3
9

H
R
(9
5
%

C
I)

1
0
.8
5
(0
.6
0
–
1
.1
9
)

0
.5
2
(0
.3
5
–
0
.7
8
)

0
.6
7
(0
.4
5
–
1
.0
1
)

0
.4
5
(0
.2
8
–
0
.7
1
)

<0
.0
1

0
.9
3
(0
.9
0
–
0
.9
6
)

O
th
e
r
c
a
u
s
e
o
f
d
e
a
th

D
e
a
th
s

3
7
5

2
6
5

3
0
8

2
9
7

3
4
5

H
R
(9
5
%

C
I)

1
0
.8
7
(0
.7
4
–
1
.0
3
)

0
.8
2
(0
.6
9
–
0
.9
7
)

0
.7
9
(0
.6
6
–
0
.9
4
)

0
.6
4
(0
.5
3
–
0
.7
7
)

<0
.0
1

0
.9
6
(0
.9
4
–
0
.9
7
)

*
H
a
z
a
rd

ra
tio

s
(H

R
)
a
n
d
9
5
%

c
o
n
fi
d
e
n
ce

in
te
rv
a
ls
(9
5
%

C
I)
e
s
tim

a
te
d
in
a
C
o
x
re
g
re
s
s
io
n
m
o
d
e
ls
tr
a
tifi
e
d
b
y
c
e
n
tr
e
,1

-y
e
a
r
a
g
e
a
n
d
5
-y
e
a
r
b
ir
th

c
o
h
o
rt
c
a
te
g
o
ri
e
s
,
a
d
ju
s
te
d
fo
r

e
d
u
c
a
tio

n
le
v
e
l(
n
o
n
e
,/
p
ri
m
a
ry

s
c
h
o
o
lc
o
m
p
le
te
d
,
te
c
h
n
ic
a
l/p

ro
fe
s
s
io
n
a
ls
c
h
o
o
l,
s
e
c
o
n
d
a
ry

s
c
h
o
o
l,
u
n
iv
e
rs
ity

d
e
g
re
e
,
n
o
t
s
p
e
c
ifi
e
d
),
s
m
o
k
in
g
s
ta
tu
s
(n
e
v
e
r
s
m
o
k
e
r,
fo
rm

e
r
s
m
o
k
e
r

w
h
o
q
u
it
<1

0
y
e
a
rs

a
g
o
,
fo
rm

e
r
s
m
o
k
e
r
w
h
o
q
u
it
>1

0
y
e
a
rs

a
g
o
,
fo
rm

e
r
s
m
o
k
e
r,
u
n
k
n
o
w
n
w
h
e
n
q
u
it,

c
u
rr
e
n
t
s
m
o
k
e
r
o
f
1
–
1
4
c
ig
a
re
tt
e
s
a
d
a
y
,
c
u
rr
e
n
t
s
m
o
k
e
r
o
f
1
5
–
2
4
c
ig
a
re
tt
e
s
a

d
a
y
,
c
u
rr
e
n
t
s
m
o
k
e
r
o
f
>
=
2
5
c
ig
a
re
tt
e
s
a
d
a
y
,
c
u
rr
e
n
t
s
m
o
k
e
r
b
u
t
a
m
o
u
n
t
m
is
s
in
g
,
s
m
o
k
in
g
s
ta
tu
s
u
n
k
n
o
w
n
),
p
h
y
s
ic
a
la

c
tiv
ity

(i
n
a
c
tiv
e
,
m
o
d
e
ra
te
ly
in
a
c
tiv
e
,
m
o
d
e
ra
te
ly
a
c
tiv
e
,

a
c
tiv
e
),
a
lc
o
h
o
lc
o
n
s
u
m
p
tio

n
(0
,
0
-<
5
,
5
-<
1
5
,
1
5
-<
3
0
,
3
0
-<
6
0
,>

=
6
0
g
/d
a
y
),
w
e
ig
h
t
(q
u
in
til
e
s
),
in
ta
k
e
o
f
e
n
e
rg
y
(k
c
a
ls
/d
a
y
,
c
o
n
tin

u
o
u
s)
.

†
M
e
d
ia
n
v
a
lu
e
s
o
f
e
a
c
h
c
a
te
g
o
ry

a
s
c
o
n
tin

u
o
u
s
v
a
ri
a
b
le
(c
m
).

d
o
i:1
0.
13
71
/jo
ur
na
l.p
on
e.
01
73
11
7.
t0
04

Height, sitting height and mortality

PLOSONE | DOI:10.1371/journal.pone.0173117 March 3, 2017 10 / 17



T
a
b
le

5
.
H
a
z
a
rd

ra
ti
o
s
*
a
n
d
9
5
%

c
o
n
fi
d
e
n
c
e
in
te
rv
a
ls

fo
r
a
ll
-c
a
u
s
e
a
n
d
c
a
u
s
e
-s
p
e
c
if
ic

m
o
rt
a
li
ty

a
c
c
o
rd
in
g
to

s
it
ti
n
g
h
e
ig
h
t
in

w
o
m
e
n
.

S
it
ti
n
g
h
e
ig
h
t

C
a
u
s
e
o
f
d
e
a
th

<8
2
c
m

8
2
-<
8
4
c
m

8
4
-<
8
6
c
m

8
6
-<
8
8
c
m

≧88cm
P
fo
r
li
n
e
a
r
tr
e
n
d
†

H
R
(9
5
%

C
I)
p
e
r
1
c
m

in
c
re
a
s
e
in

h
e
ig
h
t

A
ll-
c
a
u
s
e
m
o
rt
a
lit
y

P
e
rs
o
n
-y
e
a
rs

3
3
6
,9
9
9

3
2
9
,4
9
6

4
2
6
,9
7
7

4
0
4
,7
3
1

4
8
4
,8
5
0

D
e
a
th
s

1
,5
8
2

1
,3
3
2

1
,6
7
4

1
,4
6
7

1
,6
2
6

H
R
(9
5
%

C
I)

1
0
.9
5
(0
.8
8
–
1
.0
3
)

0
.9
4
(0
.8
7
–
1
.0
2
)

0
.9
0
(0
.8
3
–
0
.9
7
)

0
.8
6
(0
.7
9
–
0
.9
4
)

<0
.0
1

0
.9
9
(0
.9
8
–
0
.9
9
)

C
a
u
s
e
-s
p
e
c
ifi
c
m
o
rt
a
lit
y

P
e
rs
o
n
-y
e
a
rs

3
2
0
,4
8
9

3
1
1
,6
9
9

4
0
2
,8
7
9

3
8
1
,9
1
3

4
5
9
,2
5
8

C
a
n
c
e
r

D
e
a
th
s

6
1
4

6
0
6

8
2
2

7
3
0

8
9
0

H
R
(9
5
%

C
I)

1
1
.0
8
(0
.9
6
–
1
.2
1
)

1
.1
3
(1
.0
1
–
1
.2
7
)

1
.0
7
(0
.9
4
–
1
.2
0
)

1
.0
8
(0
.9
5
–
1
.2
2
)

0
.2
6

1
.0
1
(0
.9
9
5
–
1
.0
2
)

S
m
o
k
in
g
-r
e
la
te
d
c
a
n
c
e
r

D
e
a
th
s

2
9
2

2
4
2

3
5
2

2
9
2

3
4
4

H
R
(9
5
%

C
I)

1
0
.7
8
(0
.5
9
–
1
.0
3
)

0
.7
8
(0
.5
9
–
1
.0
3
)

0
.8
6
(0
.6
4
–
1
.1
4
)

0
.7
1
(0
.5
3
–
0
.9
5
)

0
.1
2

0
.9
8
(0
.9
6
–
1
.0
1
)

N
o
n
-s
m
o
k
in
g
-r
e
la
te
d
c
a
n
c
e
r

D
e
a
th
s

3
2
2

3
6
4

4
7
0

4
3
8

5
4
6

H
R
(9
5
%

C
I)

1
1
.0
9
(0
.8
7
–
1
.3
7
)

1
.0
4
(0
.8
3
–
1
.3
0
)

0
.9
6
(0
.7
7
–
1
.2
1
)

1
.1
5
(0
.9
1
–
1
.4
4
)

0
.1
5

1
.0
1
(0
.9
9
5
–
1
.0
3
)

C
ir
c
u
la
to
ry

d
is
e
a
s
e

D
e
a
th
s

4
4
2

2
6
4

2
9
4

2
3
0

2
2
3

H
R
(9
5
%

C
I)

1
0
.8
0
(0
.6
8
–
0
.9
4
)

0
.7
7
(0
.6
5
–
0
.9
1
)

0
.6
9
(0
.5
7
–
0
.8
3
)

0
.6
0
(0
.4
9
–
0
.7
4
)

<0
.0
1

0
.9
5
(0
.9
4
–
0
.9
7
)

Is
c
h
a
e
m
ic
h
e
a
rt
d
is
e
a
s
e

D
e
a
th
s

1
3
6

7
9

8
6

6
3

5
7

H
R
(9
5
%

C
I)

1
0
.7
7
(0
.5
7
–
1
.0
3
)

0
.6
9
(0
.5
1
–
0
.9
4
)

0
.5
9
(0
.4
2
–
0
.8
3
)

0
.4
7
(0
.3
3
–
0
.6
9
)

<0
.0
1

0
.9
4
(0
.9
1
–
0
.9
7
)

M
y
o
c
a
rd
ia
li
n
fa
rc
tio

n
D
e
a
th
s

6
9

4
6

6
1

4
4

4
0

H
R
(9
5
%

C
I)

1
0
.8
5
(0
.5
7
–
1
.2
6
)

0
.8
7
(0
.5
9
–
1
.2
9
)

0
.7
1
(0
.4
6
–
1
.1
0
)

0
.5
4
(0
.3
4
–
0
.8
7
)

<0
.0
1

0
.9
4
(0
.9
0
–
0
.9
8
)

C
e
re
b
ro
v
a
s
c
u
la
r
d
is
e
a
s
e

D
e
a
th
s

1
3
1

9
0

9
2

6
8

6
7

H
R
(9
5
%

C
I)

1
0
.9
6
(0
.7
2
–
1
.2
8
)

0
.8
6
(0
.6
4
–
1
.1
6
)

0
.7
3
(0
.5
2
–
1
.0
2
)

0
.6
4
(0
.4
4
–
0
.9
2
)

0
.0
2

0
.9
6
(0
.9
4
–
0
.9
9
)

H
a
e
m
o
rr
h
a
g
ic
s
tr
o
k
e

D
e
a
th
s

3
8

3
6

3
5

3
4

4
3

H
R
(9
5
%

C
I)

1
0
.9
3
(0
.5
7
–
1
.5
0
)

0
.7
3
(0
.4
4
–
1
.2
0
)

0
.7
5
(0
.4
5
–
1
.2
7
)

0
.7
9
(0
.4
6
–
1
.3
5
)

0
.2
8

0
.9
7
(0
.9
3
–
1
.0
2
)

Is
c
h
e
m
ic
s
tr
o
k
e

D
e
a
th
s

1
0

1
0

1
3

9
6

H
R
(9
5
%

C
I)

1
0
.9
1
(0
.3
6
–
2
.2
8
)

0
.8
6
(0
.3
5
–
2
.1
2
)

0
.6
4
(0
.2
4
–
1
.7
5
)

0
.4
0
(0
.1
3
–
1
.2
4
)

0
.1
0

0
.9
2
(0
.8
4
–
1
.0
1
)

R
e
s
p
ir
a
to
ry

d
is
e
a
s
e

D
e
a
th
s

8
9

4
7

6
9

5
5

6
1

H
R
(9
5
%

C
I)

1
0
.5
8
(0
.4
0
–
0
.8
4
)

0
.6
6
(0
.4
6
–
0
.9
3
)

0
.5
9
(0
.4
0
–
0
.8
6
)

0
.6
0
(0
.4
0
–
0
.8
9
)

<0
.0
1

0
.9
5
(0
.9
2
–
0
.9
8
)

O
th
e
r
c
a
u
s
e
o
f
d
e
a
th

D
e
a
th
s

2
9
6

2
8
1

2
9
8

2
7
5

2
8
7

H
R
(9
5
%

C
I)

1
1
.0
6
(0
.8
9
–
1
.2
6
)

0
.8
8
(0
.7
4
–
1
.0
6
)

0
.9
0
(0
.7
5
–
1
.0
9
)

0
.8
1
(0
.6
6
–
0
.9
8
)

<0
.0
1

0
.9
8
(0
.9
6
–
0
.9
9
5
)

*
H
a
z
a
rd

ra
tio

s
(H

R
)
a
n
d
9
5
%

c
o
n
fi
d
e
n
ce

in
te
rv
a
ls
(9
5
%

C
I)
e
s
tim

a
te
d
in
a
C
o
x
re
g
re
s
s
io
n
m
o
d
e
ls
tr
a
tifi
e
d
b
y
c
e
n
tr
e
,1

-y
e
a
r
a
g
e
a
n
d
5
-y
e
a
r
b
ir
th

c
o
h
o
rt
c
a
te
g
o
ri
e
s
,
a
d
ju
s
te
d
fo
r

e
d
u
c
a
tio

n
le
v
e
l(
n
o
n
e
,/
p
ri
m
a
ry

s
c
h
o
o
lc
o
m
p
le
te
d
,
te
c
h
n
ic
a
l/p

ro
fe
s
s
io
n
a
ls
c
h
o
o
l,
s
e
c
o
n
d
a
ry

s
c
h
o
o
l,
u
n
iv
e
rs
ity

d
e
g
re
e
,
n
o
t
s
p
e
c
ifi
e
d
),
s
m
o
k
in
g
s
ta
tu
s
(n
e
v
e
r
s
m
o
k
e
r,
fo
rm

e
r
s
m
o
k
e
r

w
h
o
q
u
it
<1

0
y
e
a
rs

a
g
o
,
fo
rm

e
r
s
m
o
k
e
r
w
h
o
q
u
it
>1

0
y
e
a
rs

a
g
o
,
fo
rm

e
r
s
m
o
k
e
r,
u
n
k
n
o
w
n
w
h
e
n
q
u
it,

c
u
rr
e
n
t
s
m
o
k
e
r
o
f
1
–
1
4
c
ig
a
re
tt
e
s
a
d
a
y
,
c
u
rr
e
n
t
s
m
o
k
e
r
o
f
1
5
–
2
4
c
ig
a
re
tt
e
s
a

d
a
y
,
c
u
rr
e
n
t
s
m
o
k
e
r
o
f
>
=
2
5
c
ig
a
re
tt
e
s
a
d
a
y
,
c
u
rr
e
n
t
s
m
o
k
e
r
b
u
t
a
m
o
u
n
t
m
is
s
in
g
,
s
m
o
k
in
g
s
ta
tu
s
u
n
k
n
o
w
n
),
p
h
y
s
ic
a
la

c
tiv
ity

(i
n
a
c
tiv
e
,
m
o
d
e
ra
te
ly
in
a
c
tiv
e
,
m
o
d
e
ra
te
ly
a
c
tiv
e
,

a
c
tiv
e
),
a
lc
o
h
o
lc
o
n
s
u
m
p
tio

n
(0
,
0
-<
5
,
5
-<
1
5
,
1
5
-<
3
0
,
3
0
-<
6
0
,>

=
6
0
g
/d
a
y
),
w
e
ig
h
t
(q
u
in
til
e
s
),
e
n
e
rg
y
in
ta
k
e
(k
c
a
ls
/d
a
y
,
c
o
n
tin

u
o
u
s)
,
m
e
n
o
p
a
u
s
a
ls
ta
tu
s
(p
re
,
p
o
s
t-
,
p
e
ri
-,
u
n
k
n
o
w
n
)

a
n
d
m
e
n
o
p
a
u
s
a
lh
o
rm

o
n
e
u
s
e
(y
e
s
,
n
o
,
u
n
k
n
o
w
n
).

†
M
e
d
ia
n
v
a
lu
e
s
o
f
e
a
c
h
c
a
te
g
o
ry

a
s
c
o
n
tin

u
o
u
s
v
a
ri
a
b
le
(c
m
).

d
o
i:1
0.
13
71
/jo
ur
na
l.p
on
e.
01
73
11
7.
t0
05

Height, sitting height and mortality

PLOSONE | DOI:10.1371/journal.pone.0173117 March 3, 2017 11 / 17



mortality by age, smoking status (smoker/non-smoker), and alcohol intake (high/low) did not

reveal meaningful differences; however, for BMI, we observed an increased risk per 5cm incre-

ment in height for all-cause mortality only among women with a BMI<25 kg/m2 (data not

shown).

After Bonferroni correction, the significance of our results was not substantially changed.

Discussion

In this large prospective study, overall height was positively associated with deaths from can-

cer, but inversely associated with deaths from circulatory disease. These results are supported

Table 6. Hazard ratios* and 95% confidence intervals for all-cause and cause-specific mortality according to sitting height and overall height in
men andwomen.

Overall height (tertiles)

Lowest (<170 cm) Middle (170-<176 cm) Highest (≧92 cm) Pinteraction

MEN

All-cause mortality Lowest (<89 cm) 1 0.89 (0.82–0.97) 1.04 (0.87–1.24)

Middle (89-<92 cm) 0.99 (0.90–1.08) 0.88 (0.82–0.96) 0.81 (0.73–0.90) 0.58

Highest (≧92 cm) 0.99 (0.79–1.25) 0.91 (0.83–1.00) 0.83 (0.76–0.90)

All cancer Lowest (<89 cm) 1 0.93 (0.81–1.07) 1.18 (0.89–1.56)

Middle (89-<92 cm) 1.08 (0.93–1.26) 1.03 (0.91–1.16) 0.98 (0.83–1.15) 0.77

Highest (≧92 cm) 1.03 (0.71–1.48) 1.18 (1.02–1.36) 1.08 (0.95–1.23)

Circulatory disease Lowest (<89 cm) 1 0.75 (0.64–0.89) 0.74 (0.50–1.08)

Middle (89-<92 cm) 0.95 (0.80–1.12) 0.75 (0.65–0.87) 0.58 (0.47–0.72) 0.53

Highest (≧92 cm) 0.91 (0.60–1.39) 0.70 (0.58–0.84) 0.62 (0.53–0.73)

Respiratory disease Lowest (<89 cm) 1 1.27 (0.87–1.84) 1.22 (0.48–3.09)

Middle (89-<92 cm) 0.79 (0.49–1.28) 0.69 (0.45–1.04) 0.36 (0.17–0.75) 0.03

Highest (≧92 cm) 0.71 (0.17–2.92) 0.84 (0.51–1.38) 0.50 (0.32–0.80)

Sitting height (tertiles) Lowest (<158cm) Middle (158-<163 cm) Highest (≧163 cm) Pinteraction

WOMEN

All-cause mortality Lowest (<84 cm) 1 1.07 (0.98–1.16) 1.15 (0.95–1.39)

Middle (84-<87 cm) 0.91 (0.82–1.00) 1.00 (0.93–1.08) 1.02 (0.93–1.12) 0.29

Highest (≧87 cm) 1.04 (0.83–1.30) 0.91 (0.82–1.01) 0.93 (0.86–1.01)

All cancer Lowest (<84 cm) 1 1.07 (0.94–1.23) 1.19 (0.91–1.55)

Middle (84-<87 cm) 1.04 (0.89–1.20) 1.14 (1.02–1.27) 1.08 (0.94–1.25) 0.66

Highest (≧87 cm) 1.24 (0.91–1.68) 0.99 (0.85–1.15) 1.09 (0.97–1.23)

Circulatory disease Lowest (<84 cm) 1 1.19 (0.99–1.44) 1.30 (0.85–1.98)

Middle (84-<87 cm) 0.84 (0.67–1.06) 0.89 (0.74–1.07) 0.88 (0.70–1.12) 0.05

Highest (≧87 cm) 0.97 (0.59–1.60) 0.86 (0.67–1.09) 0.75 (0.62–0.91)

Respiratory disease Lowest (<84 cm) 1 0.67 (0.43–1.10) 1.43 (0.64–3.16)

Middle (84-<87 cm) 0.46 (0.25–0.84) 0.85 (0.59–1.22) 1.07 (0.70–1.62) 0.11

Highest (≧87 cm) 0.31 (0.04–2.25) 0.72 (0.43–1.19) 0.71 (0.48–1.05)

* Hazard ratios (HR) and 95% confidence intervals (95% CI) estimated in a Cox regression model stratified by centre, 1-year age and 5-year birth cohort

categories, adjusted for education level (none,/primary school completed, technical/professional school, secondary school, university degree, not

specified), smoking status (never smoker, former smoker who quit <10 years ago, former smoker who quit >10 years ago, former smoker, unknown when

quit, current smoker of 1–14 cigarettes a day, current smoker of 15–24 cigarettes a day, current smoker of > = 25 cigarettes a day, current smoker but

amount missing, smoking status unknown), physical activity (inactive, moderately inactive, moderately active, active), alcohol consumption (0, 0-<5, 5-<15,
15-<30, 30-<60, > = 60 g/day), weight (quintiles), energy intake (kcals/day, continuous). Models in women were further adjusted by menopausal status (pre,

post-, peri-, unknown) and menopausal hormone use (yes, no, unknown).

doi:10.1371/journal.pone.0173117.t006
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by a previous meta-analysis of 1 million people from 121 prospective studies [6]. In the present

study, sitting height was not associated with cancer mortality but was inversely associated with

all-cause mortality, circulatory deaths, and death from respiratory disease. To our knowledge,

this is the first study to report an inverse association between sitting height and death from

respiratory disease. The World Cancer Research Fund/ American Institute for Cancer

Research (WCRF/AICR) reported that there is convincing data that height increases the risk of

individuals being diagnosed with cancers of the colorectum, breast (postmenopausal) and

ovary [20, 21]; furthermore, height ‘probably’ increases the risk of cancers of the pancreas and

breast (premenopausal). To complement this previous data on incidence, our data suggests a

role for height and risk of cancer mortality.

Short stature is a well-documented risk factor for mortality from circulatory diseases [6, 9,

22], ischemic heart disease [23], ischemic stroke [22, 24, 25] and haemorrhagic stroke [24, 25]

in previous studies. The results of this current analysis corroborate these prior studies but we

also observed strong inverse associations between height and subtypes of circulatory disease

death despite their different pathologies.

Whether a relationship between sitting height and mortality also exists is largely unknown.

Wang et al. reported height and sitting height were positively associated with cancer death, but

were inversely associated with death from cardiovascular disease in a cohort of 135,000 Chi-

nese men and women [9]. Four other studies reported no association between sitting height

and mortality [7, 10–12]. Our study in a large European population generally supports the

reports from the Chinese, although we did not find a positive association between sitting

height specifically and cancer mortality.

There are several potential underlying mechanisms to explain the opposing association of

adult height with circulatory disease and cancer mortality. The positive association between

adult height and mortality from cancer may be a result of taller people having larger organs,

and a greater number of cells at risk of malignant transformation and/or proliferation [26].

Furthermore, attained adult height is known to be related to early nutrition in childhood or

adolescence [3, 5]. In contrast, the inverse association between height and cardiovascular dis-

ease mortality has been proposed to be due to taller people and people with higher sitting

height having larger coronary vessel diameters and a slower heart rate and/or greater lung

capacity [8, 27–30]. Height may also be a marker of early exposure to components of the insu-

lin/growth hormone axis. Height is correlated with circulating levels of insulin-like growth fac-

tor (IGF)-I, the main mediator of growth hormone activity and a hormone that has been

positively associated with cancers at a number of anatomic sites [31–35], but IGF-1 levels are

generally inversely related with circulatory disease risk [36–40]. Crowe et al. reported that each

10cm increase in height corresponded to a 4% increase in circulating IGF-1 levels [41]; there-

fore, increasing IGF-1 levels might mediate the opposing effect of height on cancer and circu-

latory disease mortality. To clarify the underlying mechanisms, further studies are needed to

investigate IGF-1 levels in relation to cause-specific mortality risk while accounting for adult

height. Furthermore, several genetic factors are related with height, cancer and cardiovascular

disease [42, 43]. Identifying such genetic variants might shed light on potential mechanisms

underlying the associations between height and mortality.

Davey Smith et al. reported that sitting height was strongly positively associated with insulin

resistance [7]; thus, we expected a clearer association between sitting height and cancer mortal-

ity than overall height. Despite finding a positive association between overall height and cancer

mortality in our data, there was no association for sitting height. These null findings for sitting

height and cancer mortality may be plausible because despite the association with insulin resis-

tance, sitting height has been associated with improved prognosis in cancer survivors due to

better lung function in those with greater sitting height [8, 44]. Our finding that sitting height
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was inversely associated with death from respiratory disease is of note as this may be due to the

aforementioned association between sitting height and lung function [8, 44].

Height is positively associated with education level among women in this study. Previous

studies reported that lower educational levels have been associated with increased mortality,

and incidence of coronary heart disease and stroke in Europe and the United States [45–47].

In an attempt to control for this potential confounder, we adjusted our models for educational

level, although our results did not change from the unadjusted models.

A major strength of the EPIC study is the large study population representing findings

from multiple countries and its long follow-up, resulting in a large number of deaths allowing

us to analyse and distinguish between different causes of death. This study enabled us to exam-

ine measured height on the majority of participants, to adjust the self-reported height variable

in the others, and to examine measured sitting height in a large subset of the cohort. In con-

trast, this study had some limitations. With a large body of information on lifestyle variables,

we could adjust for many potential confounding factors, although the possibility of residual

confounding cannot be excluded. Additionally, we divided cardiovascular disease into sub-

groups, which may result in some degree of misclassification.

In conclusion, this study revealed opposing findings for the relationship between height on

cancer and circulatory disease mortality. Specifically, we showed that height was positively

associated with death from cancer, but inversely associated with death from circulatory dis-

ease. Furthermore, this is the first study to show the inverse association between sitting height

and death from respiratory disease. These findings could be used to contribute to risk predic-

tion models to target individuals for specific screening programmes.

Author Contributions

Conceptualization: NS PWMM ST HW EWMJG ER AJC.

Data curation: SR.

Formal analysis:NS PWMMHWAJC.

Funding acquisition: ER.

Investigation: SR EW LDMHMB RTF RK KOMLR NT EMPMD LC EA APC A. Tricho-

poulou PL EV GMVP PHMP YTS OM JMMS GS A. Tjønneland AOMJG ER AJC.

Methodology: NS PW AJC.

Project administration: ER.

Resources: SR EW LDMHMB RTF RK KOMLR NT EMPMD LC EA APC A. Trichopoulou

PL EV GMVP PHMP YTS OM JMMS GS A. Tjønneland AOMJG ER AJC.

Software:NS PWMMHW.

Supervision: ER AJC.

Validation: NS PW.

Visualization: NS AJC.

Writing – original draft:NS.

Writing – review & editing: NS PWMM ST HW SR EW LDMHMB RTF RK KOMLR NT

EMPMD LC EA APC A. Trichopoulou PL EV GM VP PHMP YTS OM JMMS GS A.

Tjønneland AOMJG ER AJC.

Height, sitting height and mortality

PLOSONE | DOI:10.1371/journal.pone.0173117 March 3, 2017 14 / 17



References
1. Cheng G, Buyken AE, Shi L, Karaolis-Danckert N, Kroke A, Wudy SA, et al. Beyond overweight: nutri-

tion as an important lifestyle factor influencing timing of puberty. Nutrition reviews. 2012; 70(3):133–52.
doi: 10.1111/j.1753-4887.2011.00461.x PMID: 22364156

2. van der Pols JC, Bain C, Gunnell D, Smith GD, Frobisher C, Martin RM. Childhood dairy intake and
adult cancer risk: 65-y follow-up of the Boyd Orr cohort. The American journal of clinical nutrition. 2007;
86(6):1722–9. PMID: 18065592

3. van der Pols JC, Gunnell D, Williams GM, Holly JM, Bain C, Martin RM. Childhood dairy and calcium
intake and cardiovascular mortality in adulthood: 65-year follow-up of the Boyd Orr cohort. Heart. 2009;
95(19):1600–6. doi: 10.1136/hrt.2009.168716 PMID: 19643770

4. Batty GD, Shipley MJ, Gunnell D, Huxley R, Kivimaki M, Woodward M, et al. Height, wealth, and health:
an overview with new data from three longitudinal studies. Economics and human biology. 2009; 7
(2):137–52. doi: 10.1016/j.ehb.2009.06.004 PMID: 19628438

5. Gunnell D. Can adult anthropometry be used as a ’biomarker’ for prenatal and childhood exposures?
International journal of epidemiology. 2002; 31(2):390–4. PMID: 11980801

6. Emerging Risk Factors C. Adult height and the risk of cause-specific death and vascular morbidity in 1
million people: individual participant meta-analysis. International journal of epidemiology. 2012; 41
(5):1419–33. PubMed Central PMCID: PMC3465767. doi: 10.1093/ije/dys086 PMID: 22825588

7. Smith GD, Greenwood R, Gunnell D, Sweetnam P, Yarnell J, Elwood P. Leg length, insulin resistance,
and coronary heart disease risk: the Caerphilly Study. Journal of epidemiology and community health.
2001; 55(12):867–72. PubMed Central PMCID: PMC1731819. doi: 10.1136/jech.55.12.867 PMID:
11707479

8. Orfei L, Strachan DP, Rudnicka AR,Wadsworth ME. Early influences on adult lung function in two
national British cohorts. Archives of disease in childhood. 2008; 93(7):570–4. doi: 10.1136/adc.2006.
112201 PMID: 17626144

9. Wang N, Zhang X, Xiang YB, Yang G, Li HL, Gao J, et al. Associations of adult height and its compo-
nents with mortality: a report from cohort studies of 135,000 Chinese women and men. International
journal of epidemiology. 2011; 40(6):1715–26. PubMed Central PMCID: PMC3235025. doi: 10.1093/
ije/dyr173 PMID: 22268239

10. Albanes D, Jones DY, Schatzkin A, Micozzi MS, Taylor PR. Adult stature and risk of cancer. Cancer
research. 1988; 48(6):1658–62. PMID: 3345534

11. Gunnell DJ, Davey Smith G, Frankel S, Nanchahal K, Braddon FE, Pemberton J, et al. Childhood leg
length and adult mortality: follow up of the Carnegie (Boyd Orr) Survey of Diet and Health in Pre-war
Britain. Journal of epidemiology and community health. 1998; 52(3):142–52. PubMed Central PMCID:
PMC1756683. PMID: 9616418

12. Whitley E, Martin RM, Davey Smith G, Holly JM, Gunnell D. The association of childhood height, leg
length and other measures of skeletal growth with adult cardiovascular disease: the Boyd-Orr cohort.
Journal of epidemiology and community health. 2012; 66(1):18–23. doi: 10.1136/jech.2009.104216
PMID: 20736489

13. Riboli E, Kaaks R. The EPIC Project: rationale and study design. European Prospective Investigation
into Cancer and Nutrition. International journal of epidemiology. 1997; 26 Suppl 1:S6–14.

14. Riboli E, Hunt KJ, Slimani N, Ferrari P, Norat T, Fahey M, et al. European Prospective Investigation into
Cancer and Nutrition (EPIC): study populations and data collection. Public health nutrition. 2002; 5
(6B):1113–24. doi: 10.1079/PHN2002394 PMID: 12639222

15. Haftenberger M, Lahmann PH, Panico S, Gonzalez CA, Seidell JC, Boeing H, et al. Overweight, obesity
and fat distribution in 50- to 64-year-old participants in the European Prospective Investigation into Can-
cer and Nutrition (EPIC). Public health nutrition. 2002; 5(6B):1147–62. doi: 10.1079/PHN2002396
PMID: 12639224

16. Cogliano VJ, Baan R, Straif K, Grosse Y, Lauby-Secretan B, El Ghissassi F, et al. Preventable expo-
sures associated with human cancers. Journal of the National Cancer Institute. 2011; 103(24):1827–39.
PubMed Central PMCID: PMC3243677. doi: 10.1093/jnci/djr483 PMID: 22158127

17. Ferrari P, Slimani N, Ciampi A, Trichopoulou A, Naska A, Lauria C, et al. Evaluation of under- and over-
reporting of energy intake in the 24-hour diet recalls in the European Prospective Investigation into Can-
cer and Nutrition (EPIC). Public health nutrition. 2002; 5(6B):1329–45. doi: 10.1079/PHN2002409
PMID: 12639236

18. Harrell FE Jr., Lee KL, Pollock BG. Regression models in clinical studies: determining relationships
between predictors and response. J Natl Cancer Inst. 1988; 80(15):1198–202. Epub 1988/10/05.
PMID: 3047407

Height, sitting height and mortality

PLOSONE | DOI:10.1371/journal.pone.0173117 March 3, 2017 15 / 17

http://dx.doi.org/10.1111/j.1753-4887.2011.00461.x
http://www.ncbi.nlm.nih.gov/pubmed/22364156
http://www.ncbi.nlm.nih.gov/pubmed/18065592
http://dx.doi.org/10.1136/hrt.2009.168716
http://www.ncbi.nlm.nih.gov/pubmed/19643770
http://dx.doi.org/10.1016/j.ehb.2009.06.004
http://www.ncbi.nlm.nih.gov/pubmed/19628438
http://www.ncbi.nlm.nih.gov/pubmed/11980801
http://dx.doi.org/10.1093/ije/dys086
http://www.ncbi.nlm.nih.gov/pubmed/22825588
http://dx.doi.org/10.1136/jech.55.12.867
http://www.ncbi.nlm.nih.gov/pubmed/11707479
http://dx.doi.org/10.1136/adc.2006.112201
http://dx.doi.org/10.1136/adc.2006.112201
http://www.ncbi.nlm.nih.gov/pubmed/17626144
http://dx.doi.org/10.1093/ije/dyr173
http://dx.doi.org/10.1093/ije/dyr173
http://www.ncbi.nlm.nih.gov/pubmed/22268239
http://www.ncbi.nlm.nih.gov/pubmed/3345534
http://www.ncbi.nlm.nih.gov/pubmed/9616418
http://dx.doi.org/10.1136/jech.2009.104216
http://www.ncbi.nlm.nih.gov/pubmed/20736489
http://dx.doi.org/10.1079/PHN2002394
http://www.ncbi.nlm.nih.gov/pubmed/12639222
http://dx.doi.org/10.1079/PHN2002396
http://www.ncbi.nlm.nih.gov/pubmed/12639224
http://dx.doi.org/10.1093/jnci/djr483
http://www.ncbi.nlm.nih.gov/pubmed/22158127
http://dx.doi.org/10.1079/PHN2002409
http://www.ncbi.nlm.nih.gov/pubmed/12639236
http://www.ncbi.nlm.nih.gov/pubmed/3047407


19. Heinzl H, Kaider A. Gaining more flexibility in Cox proportional hazards regression models with cubic
spline functions. Comput Methods Programs Biomed. 1997; 54(3):201–8. Epub 1998/01/09. PMID:
9421665

20. ResearchWCRFAIfC. Food, Nutrition, Physical Activity, and the Prevention of Cancer: a Global
Perspective2007.

21. http://www.dietandcancerreport.org/cup/index.php.

22. Song YM, Sung J. Adult height and the risk of mortality in South Korean women. American journal of
epidemiology. 2008; 168(5):497–505. doi: 10.1093/aje/kwn187 PMID: 18660491

23. Schmidt M, Botker HE, Pedersen L, Sorensen HT. Adult height and risk of ischemic heart disease, atrial
fibrillation, stroke, venous thromboembolism, and premature death: a population based 36-year follow-
up study. European journal of epidemiology. 2014; 29(2):111–8. doi: 10.1007/s10654-013-9867-y
PMID: 24337942

24. Honjo K, Iso H, Inoue M, Tsugane S. Adult height and the risk of cardiovascular disease among middle
aged men and women in Japan. European journal of epidemiology. 2011; 26(1):13–21. doi: 10.1007/
s10654-010-9515-8 PMID: 20953671

25. Shimizu Y, Imano H, Ohira T, Kitamura A, KiyamaM, Okada T, et al. Adult height and body mass index
in relation to risk of total stroke and its subtypes: the circulatory risk in communities study. Journal of
stroke and cerebrovascular diseases: the official journal of National Stroke Association. 2014; 23
(4):667–74.

26. Albanes D, Winick M. Are cell number and cell proliferation risk factors for cancer? Journal of the
National Cancer Institute. 1988; 80(10):772–4. PMID: 3385783

27. Tilling K, Lawlor DA, Davey Smith G, Chambless L, Szklo M. The relation between components of adult
height and intimal-medial thickness in middle age: the Atherosclerosis Risk in Communities Study.
American journal of epidemiology. 2006; 164(2):136–42. doi: 10.1093/aje/kwj184 PMID: 16707651

28. Walker M, Shaper AG, Phillips AN, Cook DG. Short stature, lung function and risk of a heart attack.
International journal of epidemiology. 1989; 18(3):602–6. PMID: 2807663

29. Batty GD, Gunnell D, Langenberg C, Smith GD, Marmot MG, Shipley MJ. Adult height and lung function
as markers of life course exposures: associations with risk factors and cause-specific mortality. Euro-
pean journal of epidemiology. 2006; 21(11):795–801. doi: 10.1007/s10654-006-9057-2 PMID:
17119881

30. Davey Smith G, Hart C, Upton M, Hole D, Gillis C, Watt G, et al. Height and risk of death amongmen
and women: aetiological implications of associations with cardiorespiratory disease and cancer mortal-
ity. Journal of epidemiology and community health. 2000; 54(2):97–103. PubMed Central PMCID:
PMC1731616. doi: 10.1136/jech.54.2.97 PMID: 10715741

31. Kasuga M, Ueki K, Tajima N, NodaM, Ohashi K, Noto H, et al. Report of the Japan Diabetes Society/
Japanese Cancer Association Joint Committee on Diabetes and Cancer. Cancer science. 2013; 104
(7):965–76. doi: 10.1111/cas.12203 PMID: 23879470

32. Endogenous H, Breast Cancer Collaborative G, Key TJ, Appleby PN, Reeves GK, Roddam AW. Insu-
lin-like growth factor 1 (IGF1), IGF binding protein 3 (IGFBP3), and breast cancer risk: pooled individual
data analysis of 17 prospective studies. The Lancet Oncology. 2010; 11(6):530–42. PubMed Central
PMCID: PMC3113287. doi: 10.1016/S1470-2045(10)70095-4 PMID: 20472501

33. Novosyadlyy R, Lann DE, Vijayakumar A, Rowzee A, Lazzarino DA, Fierz Y, et al. Insulin-mediated
acceleration of breast cancer development and progression in a nonobese model of type 2 diabetes.
Cancer research. 2010; 70(2):741–51. PubMed Central PMCID: PMC2946167. doi: 10.1158/0008-
5472.CAN-09-2141 PMID: 20068149

34. Rinaldi S, Cleveland R, Norat T, Biessy C, Rohrmann S, Linseisen J, et al. Serum levels of IGF-I,
IGFBP-3 and colorectal cancer risk: results from the EPIC cohort, plus a meta-analysis of prospective
studies. International journal of cancer Journal international du cancer. 2010; 126(7):1702–15. doi: 10.
1002/ijc.24927 PMID: 19810099

35. Roddam AW, Allen NE, Appleby P, Key TJ, Ferrucci L, Carter HB, et al. Insulin-like growth factors, their
binding proteins, and prostate cancer risk: analysis of individual patient data from 12 prospective stud-
ies. Annals of internal medicine. 2008; 149(7):461–71,W83-8. PubMed Central PMCID: PMC2584869.
PMID: 18838726

36. Goodman-Gruen D, Barrett-Connor E, Rosen C. IGF-1 and ischemic heart disease in older people.
Journal of the American Geriatrics Society. 2000; 48(7):860–1. PMID: 10894338

37. Janssen JA, Stolk RP, Pols HA, Grobbee DE, Lamberts SW. Serum total IGF-I, free IGF-I, and IGFB-1
levels in an elderly population: relation to cardiovascular risk factors and disease. Arteriosclerosis,
thrombosis, and vascular biology. 1998; 18(2):277–82. PMID: 9484994

Height, sitting height and mortality

PLOSONE | DOI:10.1371/journal.pone.0173117 March 3, 2017 16 / 17

http://www.ncbi.nlm.nih.gov/pubmed/9421665
http://www.dietandcancerreport.org/cup/index.php
http://dx.doi.org/10.1093/aje/kwn187
http://www.ncbi.nlm.nih.gov/pubmed/18660491
http://dx.doi.org/10.1007/s10654-013-9867-y
http://www.ncbi.nlm.nih.gov/pubmed/24337942
http://dx.doi.org/10.1007/s10654-010-9515-8
http://dx.doi.org/10.1007/s10654-010-9515-8
http://www.ncbi.nlm.nih.gov/pubmed/20953671
http://www.ncbi.nlm.nih.gov/pubmed/3385783
http://dx.doi.org/10.1093/aje/kwj184
http://www.ncbi.nlm.nih.gov/pubmed/16707651
http://www.ncbi.nlm.nih.gov/pubmed/2807663
http://dx.doi.org/10.1007/s10654-006-9057-2
http://www.ncbi.nlm.nih.gov/pubmed/17119881
http://dx.doi.org/10.1136/jech.54.2.97
http://www.ncbi.nlm.nih.gov/pubmed/10715741
http://dx.doi.org/10.1111/cas.12203
http://www.ncbi.nlm.nih.gov/pubmed/23879470
http://dx.doi.org/10.1016/S1470-2045(10)70095-4
http://www.ncbi.nlm.nih.gov/pubmed/20472501
http://dx.doi.org/10.1158/0008-5472.CAN-09-2141
http://dx.doi.org/10.1158/0008-5472.CAN-09-2141
http://www.ncbi.nlm.nih.gov/pubmed/20068149
http://dx.doi.org/10.1002/ijc.24927
http://dx.doi.org/10.1002/ijc.24927
http://www.ncbi.nlm.nih.gov/pubmed/19810099
http://www.ncbi.nlm.nih.gov/pubmed/18838726
http://www.ncbi.nlm.nih.gov/pubmed/10894338
http://www.ncbi.nlm.nih.gov/pubmed/9484994


38. Juul A, Scheike T, Davidsen M, Gyllenborg J, Jorgensen T. Low serum insulin-like growth factor I is
associated with increased risk of ischemic heart disease: a population-based case-control study. Circu-
lation. 2002; 106(8):939–44. PMID: 12186797

39. Vasan RS, Sullivan LM, D’Agostino RB, Roubenoff R, Harris T, Sawyer DB, et al. Serum insulin-like
growth factor I and risk for heart failure in elderly individuals without a previous myocardial infarction:
the Framingham Heart Study. Annals of internal medicine. 2003; 139(8):642–8. PMID: 14568852

40. Iso H, Maruyama K, Ikehara S, Yamagishi K, Tamakoshi A. Cellular growth factors in relation to mortal-
ity from cardiovascular disease in middle-aged Japanese: the JACC study. Atherosclerosis. 2012; 224
(1):154–60. doi: 10.1016/j.atherosclerosis.2012.05.026 PMID: 22858286

41. Crowe FL, Key TJ, Allen NE, Appleby PN, Overvad K, Gronbaek H, et al. A cross-sectional analysis of
the associations between adult height, BMI and serum concentrations of IGF-I and IGFBP-1–2 and -3 in
the European Prospective Investigation into Cancer and Nutrition (EPIC). Annals of human biology.
2011; 38(2):194–202. doi: 10.3109/03014460.2010.507221 PMID: 20731527

42. Nelson CP, Hamby SE, Saleheen D, Hopewell JC, Zeng L, Assimes TL, et al. Genetically determined
height and coronary artery disease. The New England journal of medicine. 2015; 372(17):1608–18.
PubMed Central PMCID: PMC4648271. doi: 10.1056/NEJMoa1404881 PMID: 25853659

43. Cao Y, Lindstrom S, Schumacher F, Stevens VL, Albanes D, Berndt S, et al. Insulin-like growth factor
pathway genetic polymorphisms, circulating IGF1 and IGFBP3, and prostate cancer survival. Journal of
the National Cancer Institute. 2014; 106(6):dju085. PubMed Central PMCID: PMC4081624. doi: 10.
1093/jnci/dju085 PMID: 24824313

44. Roth K, Nilsen TI, Hatlen E, Sorensen KS, Hole T, Haaverstad R. Predictors of long time survival after
lung cancer surgery: a retrospective cohort study. BMC pulmonary medicine. 2008; 8:22. PubMed Cen-
tral PMCID: PMC2614408. doi: 10.1186/1471-2466-8-22 PMID: 18954454

45. Gallo V, Mackenbach JP, Ezzati M, Menvielle G, Kunst AE, Rohrmann S, et al. Social inequalities and
mortality in Europe—results from a large multi-national cohort. PloS one. 2012; 7(7):e39013. PubMed
Central PMCID: PMC3405077. doi: 10.1371/journal.pone.0039013 PMID: 22848347

46. Kaplan GA, Keil JE. Socioeconomic factors and cardiovascular disease: a review of the literature. Circu-
lation. 1993; 88(4 Pt 1):1973–98.

47. Cox AM, McKevitt C, Rudd AG,Wolfe CD. Socioeconomic status and stroke. The Lancet Neurology.
2006; 5(2):181–8. doi: 10.1016/S1474-4422(06)70351-9 PMID: 16426994

Height, sitting height and mortality

PLOSONE | DOI:10.1371/journal.pone.0173117 March 3, 2017 17 / 17

http://www.ncbi.nlm.nih.gov/pubmed/12186797
http://www.ncbi.nlm.nih.gov/pubmed/14568852
http://dx.doi.org/10.1016/j.atherosclerosis.2012.05.026
http://www.ncbi.nlm.nih.gov/pubmed/22858286
http://dx.doi.org/10.3109/03014460.2010.507221
http://www.ncbi.nlm.nih.gov/pubmed/20731527
http://dx.doi.org/10.1056/NEJMoa1404881
http://www.ncbi.nlm.nih.gov/pubmed/25853659
http://dx.doi.org/10.1093/jnci/dju085
http://dx.doi.org/10.1093/jnci/dju085
http://www.ncbi.nlm.nih.gov/pubmed/24824313
http://dx.doi.org/10.1186/1471-2466-8-22
http://www.ncbi.nlm.nih.gov/pubmed/18954454
http://dx.doi.org/10.1371/journal.pone.0039013
http://www.ncbi.nlm.nih.gov/pubmed/22848347
http://dx.doi.org/10.1016/S1474-4422(06)70351-9
http://www.ncbi.nlm.nih.gov/pubmed/16426994

