ORIGINAL INVESTIGATION

Height Loss in Older Men
Associations With Total Mortality and Incidence of Cardiovascular Disease
S. Goya Wannamethee, PhD; A. Gerald Shaper, FRCP; Lucy Lennon, MSc; Peter H. Whincup, FRCP, PhD

Methods: A prospective study was performed on 4213
men whose height was measured between the ages of 40
and 59 years and again 20 years later between the ages of
60 and 79 years. The men were then followed up for a mean
period of 6 years, during which 760 deaths occurred.

val [CI], 1.33-2.03). The excess deaths were largely attributable to cardiovascular and respiratory conditions
and other causes but not to cancer. Adjustment for age,
established cardiovascular risk factors, lung function, preexisting cardiovascular disease, albumin concentration,
self-reported poor or fair health, and weight loss had a
modest impact on the increased risk of total mortality
(RR, 1.45; 95% CI, 1.15-1.82). The risk of major coronary heart disease events was increased only in men with
a height loss of 3 cm or more even after adjustment (adjusted RR, 1.42; 95% CI, 1.02-1.98; ⱖ3.0 cm vs ⬍3.0 cm);
no association was seen with stroke risk.

Results: Height loss correlated significantly with initial

Conclusion: Marked height loss (ⱖ3 cm) in older men

age (r =0.20) and weight loss (r = 0.20). Total mortality
risk was higher in men with a height loss of 3 cm or more
than in men with a height loss of less than 1 cm (ageadjusted relative risk [RR], 1.64; 95% confidence inter-

is independently associated with an increased risk of allcause mortality and coronary heart disease.

Background: Height declines with age, but the impact
of height loss on health outcomes has been little studied. We examined the relationships between height loss
over 20 years (starting at middle age) and subsequent total
mortality and incidence of coronary heart disease and
stroke in older men.
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EOPLE BECOME SHORTER AS

they get older, with the average magnitude of decline in
height being greater in women
than in men.1,2 Height loss is
related to aging changes in bone, muscles,
and joints. While a minor degree of height
loss is usual and unlikely to be associated
with any health problems, significant height
loss may indicate osteoporosis.3-6 The resulting height loss can affect the normal
functioning of the respiratory and gastrointestinal systems,4 which in turn may lead
to early satiety, poor nutritional status, and
weight loss.4 Height loss also appears to be
related to sarcopenia,7 which is defined as
the loss of skeletal muscle mass and strength
with aging and is associated with weight
loss8-11 and increased mortality.12-14 Furthermore, there is evidence to suggest that
some pathophysiologic mechanisms, such
as dyslipidemia, oxidative stress, inflammation, hyperhomocystinemia, and hypertension, may be involved in both osteoporosis and cardiovascular disease (CVD).15,16
Although age-related decline in height is a
common observation, its possible associa-
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tion with cardiovascular health outcomes
and all-cause mortality in men has not been
studied, to our knowledge. We examined
the relationship between height loss over
a 20-year period (starting at middle age) and
outcome in terms of indicators of ill health,
incidence of CVD (coronary heart disease
[CHD] and stroke), and total mortality in
elderly men.
METHODS
The British Regional Heart Study is a prospective study of CVD that involved 7735 men aged
40 to 59 years who were selected from the agesex registers of 1 general practice in each of 24
British towns and who were screened between 1978 and 1980.17 From 1998 to 2000,
after a 20-year interval, all surviving men, now
aged 60 to 79 years, were invited for a follow-up examination. Ethics approval was provided by all relevant local research ethics committees. All men provided informed written
consent to the investigation, which was carried out in accordance with the Declaration of
Helsinki. All men completed a questionnaire
(Q), providing details of their medical history
and lifestyle behavior. The men were then asked
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to fast for a minimum of 6 hours, during which they were instructed to drink only water and to attend for measurement at
a specified time between 8 AM and 6 PM. A fasting blood sample
was collected (Monovette; Sarstedt, Nurnbrecht, Germany), with
4252 men (77% of survivors) attending for examination.

ANTHROPOMETRIC MEASURES
Height and weight were measured both at baseline screening
(Q1) and at the 20-year reexamination (Q20), with the subjects in light clothing without shoes. On both occasions, height
was measured to the last complete 0.1 cm using the supported
stretch technique with the same stadiometer (Harpenden; Holtrain Ltd, Crymych, Wales); weight was measured to the last
complete 0.1 kg using externally calibrated digital electronic
scales (Soehnle, Murrhardt, Germany). Body mass index (BMI
[weight in kilograms divided by height in meters squared]) was
calculated for each man. Height could not be measured in 17
of the 4252 men who attended reexamination. We excluded a
further 22 men whose height appeared to have increased by
more than 5 cm, as this increase in height is biologically implausible and may reflect invalid readings. Valid measures on
height change were thus available in 4213 men. Fat-free mass
was calculated using bioelectric impedance analysis (Bodystat
500; Bodystat Ltd, Douglas, Isle of Man),18 applying the equation of Deurenberg et al,19 which has been validated in an elderly population. Measured weight loss was defined as a loss
of 4% in weight.20 The men were also asked whether they had
lost weight in the 3 years before reexamination (1998-2000)
and whether this weight loss was intentional or unintentional.

CARDIOVASCULAR RISK FACTORS
Details of measurement and classification methods for smoking
status, physical activity, social class, alcohol intake, blood pressure, blood lipid levels, and lung function (forced expiratory volume in 1 second [FEV1] and forced vital capacity [FVC] in this
cohort have been described elsewhere18,21,22; FEV1 and FVC were
height standardized to the average height [1.73 m] in the study).23
Possible chronic obstructive pulmonary disease (COPD) was defined on the basis of an FEV1-FVC ratio of less than 70%.24

INDICATORS OF HEALTH STATUS
AT REEXAMINATION

pleted for 99% of the cohort.28 In the present analyses, all-cause
mortality was based on follow-up from rescreening during 1998
to 2000, when the men were aged 60 to 79 years, with a mean
follow-up period of 6 years (range, 5-7 years), and cardiovascular morbidity was based on a mean follow-up of 5 years (range,
4-6 years). Information on death was collected through the established “tagging” procedures provided by the National Health
Service registers. Fatal stroke episodes were defined as those coded
430 to 438 on the death certificate according to the International Classification of Diseases, Ninth Revision (ICD-9). Nonfatal stroke events were defined as those that produced a neurologic deficit that was present for more than 24 hours. Fatal CHD
events were defined as death with CHD (ICD codes 410-414) as
the underlying code. A nonfatal myocardial infarction was diagnosed according to World Health Organization criteria.29 Cardiovascular deaths included all those with ICD codes 401 to 459.
Evidence regarding nonfatal CHD and stroke was obtained from
ongoing reports from general practitioners, from biennial reviews of the patients’ practice records (including hospital and
clinic correspondence) throughout the study period, and from
repeated personal questionnaires that were distributed to surviving subjects after the initial examination.

STATISTICAL ANALYSIS
The Cox proportional hazards model was used to assess the multivariate-adjusted relative risk (RR) for each height loss group compared with the reference group (height loss ⬍1 cm). In the adjustment, smoking (never or long-term ex-smokers [⬎15 years],
recent ex-smokers [⬍15 years], and current smokers), social class
(7 groups), physical activity (4 groups), alcohol intake (5 groups),
preexisting CHD (yes/no), stroke (yes/no), diabetes (yes/no), BMI
(⬍25.0, 25.0-29.9, and ⱖ30.0), poor/fair health (yes/no), musculoskeletal problems (yes/no), and weight loss (yes/no) were fitted as categorical variables. The biologic factors (serum highdensity lipoprotein cholesterol, serum total cholesterol, blood
pressure, serum albumin, and FEV1) were fitted as continuous
variables. Tests for trend were carried out across the height-loss
groups. Analysis of covariance was used to obtain age-adjusted
mean levels of the biologic factors for the 4 height-loss groups.
Direct standardization was used to obtain age-adjusted rates for
the indicators of ill health. Logistic regression was used to obtain the age-adjusted odds ratio for prevalent disease.
RESULTS

The men were asked to describe their present health status as
excellent, good, fair, or poor. They were also asked whether a
physician had ever told them that they had angina, myocardial infarction (heart attack or coronary thrombosis), stroke,
diabetes, cancer, or a number of other cardiovascular conditions. Patient recall of a physician diagnosis of CVD has been
shown to be a valid measure of recording diseases in this study
population.25,26 The  statistic comparing record review with
patient recall of CHD was 0.82.25 The men were asked about
regular treatment and were required to bring their medication
to the examination session. The medications were classified according to the British National Formulary codes.27 The presence of musculoskeletal and joint diseases was inferred by the
use of any drugs for the treatment of rheumatic diseases, neuromuscular disorder, and soft tissue inflammation (British National Formulary codes 10.1-10.3).

FOLLOW-UP
All subjects were followed up from the initial examination (19781980) to December 2005 for all-cause mortality and to December 2004 for cardiovascular morbidity; follow-up was com-

In the 4213 men with valid measure of height change,
the mean height loss from Q1 to Q20 was 1.67 cm (SD,
1.79 cm). Figure 1 shows the distribution of height loss.
Height loss was significantly correlated with age (r=0.20;
P⬍.001). Mean height loss increased with increasing age
from 1.2 to 1.6 cm to 2.0 and 2.3 cm in men initially aged
40 to 44 years, 45 to 49 years, 50 to 54 years, and 55 to
59 years, respectively. During the mean follow-up period of 5 years, there were 760 deaths from all causes.
HEIGHT LOSS AND RISK FACTORS
The men were divided into 4 groups on the basis of height
change (⬍1.0 cm, 1.0-1.9 cm, 2.0-2.9 cm, and ⱖ3.0 cm).
Table 1 shows the mean anthropometric factors, lifestyle characteristics, and biologic risk factors by the 4
height-loss groups. Increasing height loss was inversely
associated with adiposity measures (BMI and waist circumference) and fat-free mass (muscle mass) and was
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Figure 1. Distribution of height change.

Table 1. Height Loss and Anthropometric, Lifestyle, and Biologic Factors*
Height Loss, cm
Variable
Men, No. (%)
Age, y
Anthropometric factors
Initial height, cm
Height Q20, cm
BMI Q20
WC Q20, cm
FFM Q20, kg
Weight change over 20 y, kg
Reported weight loss over previous 3 y, %
Proportion of reported unintentional weight loss, %
Lifestyle factors Q20, %
Manual workers
Current smokers
Never smokers
Inactive
Nondrinkers
Biologic risk factors Q20
FEV1, L
FVC, L
FEV1-FVC ratio, %
Cholesterol, mmol/L
Systolic blood pressure, mm Hg
HDL cholesterol, mmol/L
Albumin, g/L

0

1.0-1.9

2.0-2.9

ⱖ3.0

P Value for Trend
Across Groups

1471 (34.0)
67.0

1330 (32.0)
68.7

807 (19.4)
70.0

605 (14.6)
71.1

⬍.001

173.4
173.2
27.4
98.5
52.7
⫹5.2
10.8
45.9

174.1
172.6
26.8
97.0
52.1
⫹3.2
15.5
44.3

174.3
171.9
26.6
96.8
51.6
⫹1.8
22.1
56.3

174.5
169.9
26.6
95.6
50.6
−0.2
31.7
57.9

⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001

54.7
12.6
28.5
31.9
20.9

54.8
12.5
30.5
33.4
20.4

50.1
13.0
29.0
36.4
22.9

53.4
12.9
27.4
42.8
29.2

.14
.72
.12
⬍.001
⬍.001

2.62
3.40
77.7
6.0
148.8
1.29
44.3

2.63
3.42
77.3
6.1
149.4
1.32
44.3

2.55
3.38
76.3
6.0
149.8
1.35
44.0

2.51
3.36
75.1
5.8
148.2
1.37
43.6

⬍.001
.24
⬍.001
⬍.001
.46
⬍.001
⬍.001

Abbreviations: BMI (calculated as weight in kilograms divided by height in meters squared); FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity; FFM, fat-free mass; HDL, high-density lipoprotein; Q20, at 20-year reexamination (1998-2000); WC, waist circumference.
Conventional unit conversion factors: To convert cholesterol and HDL cholesterol to milligrams per deciliter, divide by 0.0259.
*All numbers are expressed as means unless otherwise stated.

positively associated with weight loss, physical inactivity, and nondrinking status at the 20-year follow-up examination. No significant association was seen with smoking or social class. Height loss was inversely related to
the FEV1-FVC ratio (an indicator of chronic obstructive
pulmonary function) and total serum cholesterol and serum albumin levels and was positively associated with
high-density lipoprotein cholesterol levels.

HEIGHT LOSS AND INDICATORS
OF HEALTH STATUS AT Q20
Age-adjusted prevalence of poor/fair health, mobility problems, musculoskeletal and joint problems, and COPD (as
measured by the FEV1-FVC ratio ⬍70%) tended to increase with increasing height loss, with risk substantially
increased in those with a height loss of 3.0 cm or more
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Table 2. Height Loss and Age-Adjusted Prevalence of Indicators of Ill Health
Height Loss, cm
Indicators of Ill Health

⬍1.0

1.0-1.9

2.0-2.9

ⱖ3.0

ⱖ3.0 vs ⬍1.0,
Adjusted OR (95% CI)

Poor/fair health
Mobility problem
Musculoskeletal and joint problems
All CVD
MI
Angina
Stroke
Diabetes
COPD (FEV1-FVC ratio ⬍70%)
Cancer

25.1
29.4
10.4
21.0
9.8
15.6
5.2
8.3
19.6
5.3

23.3
29.8
11.9
22.6
11.3
14.2
5.6
6.4
22.5
6.8

25.8
33.3
13.9
22.8
9.8
12.9
5.6
4.8
25.3
5.1

31.1
44.2
17.8
25.3
12.6
14.5
6.2
6.0
27.6
6.4

1.34 (1.08-1.66)
1.91 (1.56-2.34)
1.86 (1.41-2.45)
1.02 (0.81-1.28)
1.32 (0.97-1.78)
0.91 (0.69-1.19)
1.22 (0.81-1.85)
0.70 (0.47-1.03)
1.33 (1.06-1.68)
1.23 (0.82-1.84)

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; FEV1, forced expiratory volume in 1 second;
FVC, forced vital capacity; MI, myocardial infarction; OR, odds ratio.

(Table 2). Little association was seen between height loss
and CVD, type 2 diabetes, and prevalent cancer.

Total

MORTALITY
CVD

Figure 2 shows age-adjusted mortality rates by the

4 height-loss groups. All-cause mortality increased with
increasing height and was substantially increased in men
with a height loss of 3.0 cm or more. The excess deaths
were largely attributable to CVD and respiratory and other
noncardiovascular, noncancer causes (Figure 2 and
Table 3). No significant excess death was seen for cancer causes (age-adjusted RR, 1.28; 95% confidence interval [CI], 0.88-1.85). Initial height did not predict total
mortality followed up from the 20-year reexamination
(Q20).
A height loss of 3 cm or more was associated with significantly increased mortality even after adjustment for
potential confounders and cardiovascular risk factors,
including age, social class, smoking, alcohol intake, physical activity, BMI, preexisting CHD, stroke, diabetes, systolic blood pressure, serum total cholesterol, highdensity lipoprotein cholesterol, and FEV1-FVC ratio
(Table 3). Further adjustment for poor/fair health, presence of musculoskeletal problems, and serum albumin
levels (a marker of poor nutrition) attenuated the association slightly, but the increased risk seen for CVD mortality and other noncardiovascular, noncancer deaths remained significant (P=.03 and P=.001, respectively). The
association between height loss and respiratory death was
greatly attenuated after these adjustments, largely because of the lower FEV1-FVC ratio.
HEIGHT LOSS AND WEIGHT LOSS
OVER 20 YEARS
Height loss was significantly correlated with 20-year
weight loss (Q1-Q20) (r=0.20; P⬍.001) Further adjustment for weight loss attenuated the increased mortality
risks, but the associations with total mortality (P=.002)
and other noncardiovascular, noncancer deaths
(P=.002) remained significant (Table 3). However, the

Cancer

Height Loss, cm
≥3.0
2.0-2.9
1.0-1.9
<1.0

Resp

Other

0

10

20

40

50

Figure 2. Height loss and age-adjusted cause-specific mortality rates per
1000 person-years. CVD indicates cardiovascular disease; Resp, respiratory
disease; and Other, other causes.

increased risk of CVD mortality became of marginal significance.
EXCLUSION OF MEN
WITH SUBSTANTIAL HEIGHT LOSS
The significantly increased risk of all-cause mortality in men
with a height loss of 3.0 cm or more was observed even
after exclusion of men with a height loss of 4.0 cm or more
(n=283) (adjusted RR, 1.48; 95% CI, 1.12-1.95). Thus, the
increased mortality risk was already seen in men with a
height loss in the range of 3.0 to 4.0 cm and was not solely
attributable to extreme height loss. Indeed, we observed
no further increase in mortality risk in those with a height
loss of 4.0 cm or more after adjustment.
INCIDENCE OF CVD
A height loss of 3.0 cm or more was associated with a significant increase in risk of major incident CHD events after adjustment for preexisting CVD and CVD risk factors
(P = .03) (Table 4). Further adjustment for albumin,
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30

Age-Adjusted Rates/1000 Person-Years

Table 3. Height Loss and Adjusted Relative Risk (RR) of Cause-Specific Mortality*
Height Loss, cm
Variable

⬍1.0
(n = 1471)

1.0-1.9
(n = 244)

2.0-2.9
(n = 807)

ⱖ3.0
(n = 605)

1471

1330

807

605

187
1.00
1.00
1.00
1.00

244
1.20 (0.99-1.46)
1.23 (1.00-1.51)
1.26 (1.03-1.54)
1.25 (1.02-1.53)

156
1.14 (0.92-1.42)
1.14 (0.91-1.44)
1.12 (0.89-1.41)
1.12 (0.89-1.41)

81
1.00
1.00
1.00
1.00

102
1.14 (0.85-1.53)
1.21 (0.88-1.65)
1.22 (0.89-1.67)
1.22 (0.87-1.67)

16
1.00
1.00
1.00

15
1.00
1.00
1.00
1.00

Men, No.
All cause mortality (n = 760)
Cases, No.
Age-adjusted RR
Adjusted RR‡
Adjusted RR§
Adjusted RR 㛳
CVD death (n = 318)
Cases, No.
Age-adjusted RR
Adjusted RR‡
Adjusted RR§
Adjusted RR 㛳
Respiratory death (n = 87)
Cases, No.
Age-adjusted RR
Adjusted RR‡
Adjusted RR§
Other non-CVD, noncancerous
death (n = 85)
Cases, No.
Age-adjusted RR
Adjusted RR‡
Adjusted RR§
Adjusted RR 㛳

P Value†

P Value for Trend
Across Groups

173
1.64 (1.33-2.03)
1.60 (1.27-2.06)
1.53 (1.25-1.97)
1.45 (1.15-1.82)

⬍.001
⬍.001
⬍.001
.002

⬍.001
⬍.001
.002
.01

69
1.13 (0.82-1.57)
1.21 (0.85-1.72)
1.19 (0.84-1.69)
1.18 (0.83-1.67)

66
1.39 (1.00-1.95)
1.53 (1.07-2.19)
1.48 (1.04-2.13)
1.39 (0.97-1.82)

.05
.02
.03
.07

.08
.03
.04
.11

25
1.25 (0.66-2.34)
1.38 (0.72-2.65)
1.58 (0.82-3.06)

16
1.10 (0.55-2.21)
0.96 (0.45-2.05)
0.95 (0.44-2.04)

30
2.59 (1.39-4.81)
1.84 (0.94-3.58)
1.75 (0.89-3.45)

.003
.08
.11

.003
.16
.28

28
1.74 (0.93-3.28)
2.07 (1.04-4.12)
2.12 (1.07-4.20)
2.17 (1.01-4.30)

13
1.21 (0.57-2.57)
1.44 (0.65-3.21)
1.38 (0.62-3.07)
1.39 (0.63-3.09)

29
3.56 (1.88-6.76)†
3.41 (1.67-7.11)†
3.20 (1.57-6.56)†
3.27 (1.60-6.68)†

⬍.001
.001
.001
.002

⬍.001
.003
.006
.007

Abbreviation: CVD, cardiovascular disease.
*Values in parentheses are 95% confidence intervals.
†Comparisons between height loss of 3 cm or more and height loss of less than 1 cm.
‡Adjusted for age, social class, smoking, alcohol intake, physical activity, body mass index (calculated as weight in kilograms divided by height in meters
squared), preexisting coronary heart disease, stroke, diabetes, systolic blood pressure, cholesterol, high-density lipoprotein cholesterol, and forced expiratory
volume in 1 second–forced vital capacity ratio.
§Adjusted for factors listed above as well as for albumin, poor/fair health, and musculoskeletal problems.
㛳Adjusted for factors listed above as well as for 20-year weight loss (from initial screening to 20-year reexamination [Q1-Q20]).

Table 4. Height Loss and Incidence of Major Coronary Heart Disease (CHD) and Stroke Events
Height Loss, cm
⬍1.0
(n = 1471)

Variable

1.0-1.9
(n = 1330)

2.0-2.9
(n = 807)

ⱖ3.0
(n = 605)

P Value*

P Value for Trend
Across Groups

Cases, No.
Rate per 1000 person-years
Age-adjusted RR
Adjusted RR (95% CI)†
Adjusted RR (95% CI)‡
Adjusted RR (95% CI)§

74
10.1
1.00
1.00
1.00
1.00

Major CHD Events (n = 249)
67
56
10.1
14.0
0.88 (0.63-1.23)
1.13 (0.31-1.61)
0.92 (0.65-1.31)
1.20 (0.81-1.75)
0.93 (0.65-1.32)
1.19 (0.81-1.74)
0.92 (0.65-1.32)
1.18 (0.81-1.72)

52
18.3
1.38 (0.96-1.99)
1.55 (1.05-2.29)
1.47 (0.99-2.18)
1.43 (0.97-2.17)

.09
.03
.05
.07

.06
.02
.04
.05

Cases, No.
Rate per 1000 patient-years
Age-adjusted RR (95% CI)
Adjusted RR (95% CI)†

49
6.6
1.00
1.00

Major Stroke Events (n = 153)
57
22
8.5
5.4
0.95 (0.65-1.40)
0.54 (0.32-0.90)
1.10 (0.73-1.67)
0.57 (0.33-0.99)

25
8.6
0.86 (0.52-1.41)
0.95 (0.56-1.62)

.62
.88

.14
.26

Abbreviation: RR, relative risk.
*Comparisons between height loss of 3 cm or more and height loss of less than 1 cm.
†Adjusted for age, social class, smoking, alcohol intake, physical activity, body mass index (calculated as weight in kilograms divided by height in meters
squared); preexisting coronary heart disease; stroke, diabetes, systolic blood pressure, cholesterol, high-density lipoprotein cholesterol, and forced expiratory
volume in 1 second–forced vital capacity ratio.
‡Adjusted for factors listed above as well as for albumin, poor/fair health, and musculoskeletal problems.
§Adjusted for all factors listed, including 20-year weight loss. The adjusted RR (95% confidence interval) for 3.0 cm or more vs less than 3.0 cm is
1.42 (1.02-1.98); P = .04.
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poor/fair health, musculoskeletal problems, and weight
loss made small differences, but the difference between
men with a height loss of 3.0 cm or more compared with
those with a height loss of less than 1.0 cm became of
marginal significance (P = .07). However, men with a
height loss of 3.0 cm or more had a significantly higher
CHD risk than all men with a height loss of less than 3.0
cm combined (adjusted RR, 1.42; 95% CI, 1.02-1.98). No
association was seen between height loss and risk of stroke.
COMMENT

In this study of 4213 men aged 60 to 79 years, a height
loss of 3 cm or more over the preceding 20 years (present in about 15% of the men) was associated with a significantly increased risk of all-cause mortality largely owing to an excess in cardiovascular, respiratory, and other
non-CVD, noncancer deaths. Height loss was associated with major CHD events but not stroke. Height loss
was strongly and positively associated with increasing age,
physical inactivity, and indicators of ill health (reduced
lung function, COPD, poor/fair health, musculoskeletal
and joint disorders, mobility limitation, weight loss, and
low albumin levels) but inversely associated with serum
cholesterol levels. The association with respiratory deaths
was largely attributable to the higher prevalence of COPD,
but this did not explain the excess in CVD deaths. Although the increased risks of total mortality and CHD
were to some extent associated with measures of poor
health, weight loss, and physical inactivity, a significant
increase in mortality associated with height loss remained even after adjustment for these factors. Despite
a strong association between height loss and weight loss,
we observed no association between height loss and cancer mortality, even in age-adjusted analysis.
POTENTIAL MECHANISMS RELATING
HEIGHT LOSS AND MORTALITY
The basis for the association between height loss and subsequent mortality is unclear. Osteoporosis is associated with
increased mortality30,31 and could be important as one of
the main causes of height loss in men.4-6 However, height
loss resulting from osteoporosis, particularly when complicated by fracture, is likely to be more than 6.0 cm.32,33
Because mortality was markedly increased in our study, even
in men with a height loss of 3.0 to 4.0 cm, osteoporotic disease complicated by vertebral fractures is unlikely to explain the increased mortality risk associated with height
loss, although lesser degrees of bone loss (possibly associated with minor degrees of kyphosis, which could also
be responsible for height loss) could still be implicated.
It is possible that bone loss (an important determinant
of height loss34,35) may share common pathophysiologic
mechanisms with coronary diseases such as dyslipidemia, oxidative stress, inflammation, hyperhomocystinemia, hypertension, and diabetes.15,16 However, the association between height loss and CHD in this study was
not explained by established cardiovascular risk factors,
and men with significant height loss tended to have more
favorable levels of cardiovascular risk factors than men with

minimal height loss. Furthermore despite the known association between smoking and bone loss,36-39 we observed no association between smoking and height loss,
suggesting that the height loss in our study is not just reflecting bone resorption and bone density.
A third potential explanation for the relation of height
loss to mortality and CHD may lie in the relation of height
loss to weight loss at older ages. Poor muscle strength and
low skeletal muscle mass have been associated with bone
loss and poor bone structure in men, which may result in
height loss.7 The increased risk of CHD and all-cause mortality associated with height loss may thus reflect poor
muscle strength and loss in skeletal muscle mass with aging (sarcopenia), both of which have been shown to be
predictors of mortality.12-14 Therefore, height changes could
be a consequence of aging or could reflect the presence of
disease in 1 of several organ systems. This possibility is
consistent with the findings that height loss is associated
with lower body weight and weight loss, low albumin levels (marker of undernutrition), physical inactivity, COPD
and mobility limitations, factors that are strongly associated with sarcopenia and loss of skeletal muscle mass11,40,41
and that have been shown to predict increased mortality
in the elderly.42,43 Inflammation, which is an established
risk factor for CVD, may also contribute to decreased skeletal muscle in old age.44 However, adjustment for Creactive protein, a marker of inflammation, made little difference in our findings. Although the increased risk of
mortality was seen even after adjustment for weight loss
and markers of ill health, we do not have measures of
muscle strength or of loss in skeletal muscle mass. Adjustment for fat-free mass, as a possible marker of muscle
mass, made little difference in the findings. However, fatfree mass, as assessed by bioelectrical impedance methods, is not the most precise method for measuring skeletal muscle mass. We are therefore unable to confirm or
refute this possibility in the present study.
STRENGTHS AND LIMITATIONS
Our study was based on measured height using similar
methods at initial screening and reexamination, thus reducing measurement errors. We also assessed a wide range
of biologic risk factors and objective markers and indicators of ill health. Although the data from the present
study are restricted to men who participated in both initial and repeated examinations (including 77% of survivors at reexamination), the mean initial height of men
who attended reexamination and that of men who did
not were almost identical, suggesting that any selection
bias introduced was limited. Our study was carried out
in a population-based study of men. Although it is possible that our findings would apply to women, such generalization must be cautious.
In conclusion, height loss (ⱖ3 cm) is relatively common in older men; is associated with poor health, mobility limitation, weight loss, physical inactivity, and reduced pulmonary function; and is a predictor of CHD
and total mortality. Height loss may be a marker for sarcopenia and frailty in older men. Further studies are warranted to understand the nature of this relationship between height loss and CHD and total mortality.
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