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ABSTRACT

Purpose: To assess the impact of sex-specific patterns in cholesterol levels on all-cause and
cardiovascular mortality in the Vorarlberg Health Monitoring and Promotion Programme
(VHM&PP)

Methods: In this study, 67,413 men and 82,237 women (aged 20–95 years) underwent 454,448
standardized examinations, which included measures of blood pressure, height, weight, and
fasting samples for cholesterol, triglycerides, gamma-glutamyl transferase (GGT), and glu-
cose in the 15-year period 1985–1999. Relations between these variables and risk of death were
analyzed using two approaches of multivariate analyses (Cox proportional hazard and GEE
models).

Results: Patterns of cholesterol levels showed marked differences between men and wo-
men in relation to age and cause of death. The role of high cholesterol in predicting death
from coronary heart disease could be confirmed in men of all ages and in women under the
age of 50. In men, across the entire age range, although of borderline significance under the
age of 50, and in women from the age of 50 onward only, low cholesterol was significantly
associated with all-cause mortality, showing significant associations with death through can-
cer, liver diseases, and mental diseases. Triglycerides . 200 mg/dl had an effect in women 65
years and older but not in men

Conclusions: This large-scale population-based study clearly demonstrates the contrasting
patterns of cholesterol level in relation to risk, particularly among those less well studied pre-
viously, that is, women of all ages and younger people of both sexes. For the first time, we
demonstrate that the low cholesterol effect occurs even among younger respondents, contra-
dicting the previous assessments among cohorts of older people that this is a proxy or marker
for frailty occurring with age.
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INTRODUCTION

IT HAS BEEN WELL ESTABLISHED that there are sex-
specific differences in trends of cardiovascular

diseases, although the precise mechanisms re-
main unclear.1,2 The three cardinal risks factors

are blood pressure, smoking, and total cholesterol
as an indicator of lipoprotein profile. However,
the role of total cholesterol in predicting cardio-
vascular disease is still discussed controversially,
as it is not a strong predictor in older people, par-
ticularly women.3–7 Mortality rates from heart
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disease in women and men differ over the course
of life, attributed by some investigators to alter-
ations in lipoprotein and hemostatic systems oc-
curring in the postmenopausal period in women.8

The precise temporal relationships between
changes in risk factor profile and shifts in inci-
dence and mortality patterns have not been well
delineated in women, in part because long-term
epidemiological data on women are not as read-
ily available as for men. Although cohort data on
women have become available,9 very few studies
contain adequate numbers of both men and wo-
men to allow direct comparisons using a compa-
rable methodology.10–19 It has long been known
from ecological data that men have higher cu-
mulative mortality rates than women,20 but it has
been asserted recently that the widespread vari-
ations in epidemic patterns of heart disease across
countries seen in men apply little, if at all, to wo-
men and that environment or lifestyle, rather
than constitutional factors, provides the para-
mount explanation.21

The significance of low cholesterol level as a
predictor of health status has been reappraised.22

This interest began first with the evidence that ia-
trogenic lowering of the cholesterol level was as-
sociated with unexpected mortality from causes
other than cardiovascular disease.23,24 The ques-
tion is whether a low cholesterol level is a marker
for underlying ill health, as for instance, from
wasting diseases, such as cancer,25–28 or is a cause
of ill health in itself. This clearly has implications
for public health policy, particularly in advocat-
ing health promotion nutrition guidelines at a
population level. There are too few long-term epi-
demiological studies of healthy women that can
assess over time how cholesterol level relates to
health status and how this contrasts with the sit-
uation in men. Two large-scale meta-analyses in
1999 have contributed some information,10,29 but
these were concerned largely with individuals at
high relative risk, were not primarily concerned
with women, and dealt mainly with middle-aged
people.

The Vorarlberg Health Monitoring and Pro-
motion Programme (VHM&PP)30 in Austria is a
large-scale longitudinal database consisting of re-
peatedly measured risk factors linked to disease-
specific mortality outcomes. Participants are free-
living citizens across the adult age spectrum
(20–95 years), and both sexes are represented. The
objectives of this paper, therefore, are to examine
how level of cholesterol across the age spectrum

relates to longer-term risk outcome, taking into
account other known risk factors, and to docu-
ment differences in patterns according to sex.
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MATERIALS AND METHODS

Participants

In Vorarlberg, the westernmost province of
Austria, population-based documentation of car-
diovascular risk factors has been performed rou-
tinely since 1970 by the Agency for Social- and
Preventive Medicine. From the outset, this ongo-
ing extensive risk factor surveillance and treat-
ment referral program has conducted medical ex-
aminations of more than two thirds of the entire
population of this province.

A total of 149,650 individuals, 67,413 men
(44.9%) and 82,237 women (55.1%), participated
in the VHM&PP between 1985 and 1999. During
this period, men underwent 191,629 examina-
tions (42.2%), and women underwent 262,819 ex-
aminations (57.8%), a total of 454,448 in all. In-
formed consent to store and process the data was
obtained from all participants at each examina-
tion time, and ethical approval was obtained. A
total of 5,393 persons died in the course of fol-
low-up, and cause of death was linked to the
database using a validated record-linkage proce-
dure.

Measurements

The VHM&PP participants underwent un-
equal numbers of repeated examinations, rang-
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ing from 1 to 14 visits. The examinations were
performed in a standardized way by trained gen-
eral practitioners and internists and included a
physical examination and recording of sociode-
mographic information. The methodology has
been described previously.31,32 The physical ex-
amination included a fasting blood sample and
measurement of height, weight, and blood pres-
sure. Systolic and diastolic blood pressure were
measured with a mercury sphygmomanometer in
the sitting position. Total cholesterol, triglyceride,
gamma-glutamyl transferase (GGT), and blood
glucose levels were determined enzymatically by
two central laboratories. The two laboratories un-
derwent a standardized internal and external
quality procedure.

Statistical analysis

Risk factor values were summarized as means
(standard deviations [SD]) and tabulated by 15-
year age bands. Causes of death were coded ac-
cording to the International Classification of Dis-
eases, ninth revision (ICD-9) and classified into
the subgroups of death from cardiovascular dis-
ease, stroke, cancer, and all other causes. Mortal-
ity rates were given both as crude rates and as di-
rect age-standardized rates. A recently published
standard proposed by the World Health Organi-
zation (WHO)33 was used for age standardiza-
tion. Cox proportional hazards models were used
to assess the age-adjusted associations between
the risk factors at first screening and mortality
outcome. Variables for these models were se-
lected according to their univariate association
with mortality, evaluated by log-rank tests. In
contrast to the other risk factors, cholesterol level
and body mass index (BMI) did not show a sim-
ple unidirectional association with mortality but
instead showed effects in both the lower and up-
per ranges (U-shaped relation with mortality).
Therefore, these two variables were divided into
quartiles, and the lowest and highest quartiles,
respectively, were compared with the two
medium quartiles in the models. In addition to
the Cox models, to make use of the repeated mea-
surements of the participants, multivariate re-
gression models applying the general estimating
equation (GEE) method34 were also calculated.
All analyses were performed separately for men
and women. p values ,0.05 were considered sta-
tistically significant. Statistical analysis was per-
formed using Stata35 statistical software.

RESULTS

Baseline sociodemographic characteristics of
the participants in VHM&PP over the period
1985–1999 are shown in Table 1. In Table 2, the
risk factor profiles for both men and women at
their baseline examination are presented in 15-
year age bands. These demonstrate different pat-
terns according to sex. Whereas systolic blood
pressure and glucose levels rise steadily with age
in both sexes, and both diastolic blood pressure
and gamma-gt show a plateau pattern in middle
age, with a drop thereafter, triglycerides rise
steadily in women. Total cholesterol level peaks
in the 50–64-year age group in men but contin-
ues to rise in women. Table 3 shows causes of
death during follow-up in each age band for men
and women, including both absolute numbers
and mortality rate. There is the expected rise in
rates over time, with cardiovascular diseases
other than stroke progressively accounting for
most deaths in both sexes.

Figure 1 shows mean levels of cholesterol at 5-
year intervals for both men and women. This
shows definitively that males have higher aver-
age levels of cholesterol up to age 50, with 
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TABLE 1. SOCIODEMOGRAPHIC CHARACTERISTICS OF

PARTICIPANTS, VHM&PP, 1985–1999

Men Women

n % n %

Age group (years)
20–24 7,893 11.7 12,561 15.3
25–34 18,619 27.6 20,601 25.1
35–44 14,503 21.5 16,037 19.5
45–54 12,563 18.6 14,037 17.1
55–64 8,610 12.8 10,370 12.6
$65 5,225 7.8 8,631 10.5

Total 67,413 45.0 82,237 55.0
Marital statusa

Single 12,092 18.5 12,887 15.8
Married 48,232 73.7 52,511 64.4
Divorced 3,521 5.4 9,648 11.8
Widowed 1,602 2.4 6,444 7.9

Work statusb
White collar 33,883 52.3 42,976 54.2
Blue collar 23,899 36.9 30,034 37.9
Self-employed 7,056 10.9 6,275 7.9

Austrian 60,932 90.4 75,823 92.2
Number of deaths 2,942 4.4 2,451 3.0

a2,717 (1.8%) missing values.
bIncluding pensioners; housewives were classified

according to their husbands’ jobs; 5,531 (3.7%) missing
values.
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TABLE 2. MEANS AND SD OF RISK FACTOR VALUES BY SEX AND AGE GROUP AT FIRST EXAMINATION, VHM&PP, 1985–1999

Men Women

20–34 years 35–49 years 50–64 years $65 years 20–34 years 35–49 years 50–64 years $65 years

Body mass index (kg/m2)a 24.1 (3.3)b 25.8 (3.5) 26.4 (3.5) 25.8 (3.5) 22.3 (3.8) 24.7 (4.5) 26.5 (4.6) 26.1 (4.4)
Systolic blood pressure (mm Hg) 125.8 (14.8) 130.6 (17.1) 140.5 (20.0) 148.6 (21.1) 116.9 (14.0) 126.1 (18.4) 141.3 (21.2) 153.1 (21.6)
Diastolic blood pressure (mm Hg) 78.6 (9.8) 82.7 (10.9) 85.3 (11.2) 84.4 (10.6) 74.8 (9.4) 79.8 (10.8) 85.1 (11.2) 85.4 (10.9)
Total cholesterol (mg/dl) 199.3 (42.6) 228.6 (45.8) 237.0 (45.8) 232.5 (45.5) 193.4 (36.1) 212.4 (40.4) 246.2 (45.6) 250.9 (47.3)
Total cholesterol (mmol/L) 5.2 (1.1) 5.9 (1.2) 6.1 (1.2) 6.0 (1.2) 5.0 (0.9) 5.5 (1.0) 6.4 (1.2) 6.5 (1.2)
Triglycerides (mg/dl) 131.7 (91.9) 171.2 (120.1) 168.6 (112.6) 151.0 (94.1) 97.7 (51.0) 107.9 (65.8) 135.1 (79.9) 150.9 (85.6)
Glucose (mg/dl) 82.3 (15.6) 89.1 (23.9) 95.5 (32.2) 98.5 (35.7) 80.7 (13.8) 86.8 (19.8) 92.9 (27.7) 98.6 (34.0)
Gamma gt (mg/dl) 18.3 (22.1) 28.5 (40.4) 30.1 (40.9) 26.0 (34.8) 10.3 (11.4) 14.0 (22.1) 17.7 (22.7) 18.5 (22.7)
Regular smoking 30.3% 28.3% 23.1% 14.7% 26.3% 19.8% 9.7% 4.2%

aExcluding 2,100 (1.4%) missing values within body mass index and blood pressure and 4,500 (3.1%) missing values within cholesterol, triglyceride, glucose, and
gamma-gt (values missing partly due to missing consent of the participants)

bMeans (SD).
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TABLE 3. CAUSE OF DEATH BY SEX AND AGE GROUP AT FIRST EXAMINATION, VHM&PP, 1985–1999

Mena Womena

20–34 years 35–49 years 50–64 years $65 years 20–34 years 35–49 years 50–64 years $65 years

Cardiovascular diseases 9 (7.6%)b 104 (25.1%) 356 (33.3%) 561 (41.9%) 7 (9.9%) 31 (12.4%) 125 (22.1%) 707 (45.1%)
(ICD-9 394-429, 440-456)

Stroke 3 (2.5%) 16 (3.9%) 67 (6.3%) 188 (14.0%) 2 (2.8%) 13 (5.2%) 47 (8.3%) 249 (15.9%)
(ICD-9 430-438)

Cancer 18 (15.3%) 139 (33.6%) 432 (40.4%) 373 (27.8%) 30 (42.3%) 145 (58.2%) 283 (50.1%) 371 (23.7%)
(ICD-9 140-239)

Other death causes 88 (74.6%) 155 (37.4%) 215 (20.1%) 218 (16.3%) 32 (45.1%) 60 (24.1%) 110 (19.5%) 239 (15.3%)
All-cause mortality n 5 118 n 5 414 n 5 1070 n 5 1340 n 5 71 n 5 249 n 5 565 n 5 1566
All-cause mortality rate 0.45% 1.94% 7.47% 25.60% 0.21% 1.06% 3.34% 18.14%
Age-standardized rate 0.43% 1.81% 7.18% 40.40% 0.20% 1.09% 3.31% 21.13%

a5.75 years median survival time from first examination in men; 6.25 years in women.
bAbsolute (relative) frequency, percentages add to 100% across the age groups.



women then having higher average levels up to
the late 80s. The contrast in patterns is striking,
as is the precision at which the crossover point
occurs, consistent with the onset of menopause.
In Figure 1A, mean levels of cholesterol are
shown for male and female survivors and for
males and females who died of cardiovascular
disease during the follow-up period (median sur-
vival time was 6 years). In both sexes, mean cho-
lesterol level is considerably higher among
younger participants dying of cardiovascular dis-
ease. However, there is a lag effect of about 10
years for women compared with men, and at all
ages there is a greater gap between male sur-

vivors and victims of cardiovascular disease than
is the case for women. Average cholesterol level
is considerably higher in women than men from
the mid-50s onward, irrespective of disease out-
come. Figure 1B presents patterns for survivors
and those who died of other diseases, showing
no relationship with average cholesterol level.

In Tables 4A and 4B, Cox proportional hazard
regression analyses for men and women are re-
ported in relation to all-cause mortality in three
cohort age bands. These highlight contrasting
patterns in risk factor profiles between men and
women. As might be expected, smoking status is
predictive of mortality at all ages and in both

ULMER ET AL.46

FIG. 1. a and 1b. Mean levels of cholesterol by age at first examination and death from (A) cardiovascular and (B)
noncardiovascular disease for men and women, VHM&PP, 1985–1999.

A

B



S
E
X
-S
P
E
C
IFIC

 P
A
T
T
E
R
N
S
 IN

 C
H
O
L
E
S
T
E
R
O
L

47

TABLE 4A. COX PROPORTIONAL HAZARD REGRESSION ANALYSES FOR MEN AT FIRST EXAMINATION IN RELATION TO ALL-CAUSE MORTALITY, VHM&PP, 1985–1999

Cox models (based on measurements at first examination)

Up to 49 (mean 34.2) years 50–64 (mean 56.7) years $65 (mean 72.0) years
n 5 46,227, 504 deaths n 5 13,697, 992 deaths n 5 4,931, 1,227 deaths

Mena Hazard ratio (95% CI), p-value Hazard ratio (95% CI), p-value Hazard ratio (95% CI), p-value

Age (years) 1.088 (1.075–1.102), ,0.001 1.091 (1.074–1.108), ,0.001 1.097 (1.086–1.108), ,0.001

Systolic blood pressure (mm Hg) 1.014 (1.009–1.019), ,0.001 1.005 (1.002–1.008), 50.001 1.004 (1.001–1.007), 0.003

Body mass index ,22.9 kg/m2 1.451 (1.156–1.821), 0.001 1.612 (1.353–1.921), ,0.001 1.212 (1.047–1.402), 0.01
Body mass index medium quartiles (kg/m2) Referent Referent Referent
Body mass index .27.4 kg/m2 0.95 (0.765–1.179), 0.64 1.161 (1.006–1.340), 0.04 0.976 (0.852–1.118), 0.725

Cholesterol ,187 mg/dl 1.278 (1.005–1.626), 0.046 1.283 (1.058–1.555), 0.011 1.257 (1.074–1.471), 0.004
Cholesterol medium quartiles (mg/dl) Referent Referent Referent
Cholesterol .248 mg/dl 1.242 (1.01–1.526), 0.04 1.042 (0.908–1.196), 0.561 1.005 (0.884–1.143), 0.939

Triglyceride .200 mg/dl 1.063 (0.862–1.311), 0.567 0.943 (0.812–1.096), 0.446 1.089 (0.94–1.263), 0.256

Glucose .100 mg/dl 1.163 (0.948–1.425), 0.147 1.225 (1.093–0.373), ,0.001 1.225 (1.066–0.408), 0.004

Gamma-gt .28 mg/dl 1.664 (1.367–2.026), ,0.001 1.653 (1.448–1.887), ,0.001 1.477 (1.302–1.675), ,0.001

Current smoking 1.694 (1.416–2.025), ,0.001 1.815 (1.593–2.067), ,0.001 1.420 (1.233–1.636), ,0.001

aExcluding participants with missing values: 5.75 years median survival time from first examination to death; 9.25 years for men alive.
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TABLE 4B. COX PROPORTIONAL HAZARD REGRESSION ANALYSES FOR WOMEN AT FIRST EXAMINATION IN RELATION TO ALL-CAUSE MORTALITY, VHM&PP, 1985–1999

Cox models (based on measurements at first examination)

Up to 49 (mean 33.3) years 50–64 (mean 56.9 years) $65 (mean 72.3) years
n 5 54,445, 309 deaths n 5 16,118, 520 deaths n 5 8,010, 1,404 deaths

Womena Hazard ratio (95% CI), p-value Hazard ratio (95% CI), p-value Hazard ratio (95% CI), p-value

Age (years) 1.079 (1.062–1.097), ,0.001 1.11 (.087–1.134), ,0.001 1.117 (1.106–1.127), ,0.001

Systolic blood pressure (mm Hg) 1.011 (1.005–1.017), ,0.001 1.005 (1.001–1.009), 0.018 1.003 (1.001–1.005), 0.016

Body mass index ,21 kg/m2 1.155 (0.854–1.561), 0.350 1.346 (0.977–1,853), 0.069 1.244 (1.06–1.46), 0.008
Body mass index medium quartiles (kg/m2) Referent Referent Referent
Body mass index .26.7 kg/m2 1.167 (0.887–1.534), 0.269 0.998 (0.828–1.204), 0.984 0.985 (0.877–1.106), 0.798

Cholesterol ,184 mg/dl 0.904 (0.672–1.217), 0.904 1.722 (1.26–2.354), ,0.001 1.477 (1.214–1.797), ,0.001
Cholesterol medium quartiles (mg/dl) Referent Referent Referent
Cholesterol .244 mg/dl 1.201 (0.909–1.586), 0.19 0.842 (0.7–1.012), 0.068 0.943 (0.843–1.055), 0.308

Triglyceride .200 mg/dl 1.367 (0.954–1.954), 0.089 1.365 (1.091–1.708), 0.006 1.214 (1.068–1.380), 0.003

Glucose .100 mg/dl 1.181 (0.909–1.533), 0.2130 1.204 (1.003–1.445), 0.046 1.172 (1.053–1.305), 0.004

Gamma-gt .28 mg/dl 2.417 (1.767–3.308), ,0.001 1.557 (1.251–1.938), ,0.001 1.391 (1.207–1.604), ,0.001

Current smoking 1.999 (1.580–2.530), ,0.001 1.67 (1.308–2.131), ,0.001 1.494 (1.165–1.916), 0.002

aExcluding participants with missing values: 6.25 years median survival time from first examination to death; 9.77 years for women alive.



sexes, as is level of systolic blood pressure. In
men, a low cholesterol level is significantly pre-
dictive of risk at all ages, including the youngest
age group screened, ,50 years of age, although
the latter is of borderline significance. As well as
other expected predictors, a low BMI is also con-
sistently significant in men. In women, a low cho-
lesterol level is even more markedly predictive
among those .50 years, but there is no signifi-
cant impact on mortality of either low cholesterol
level or BMI in women ,50 years.

In Table 5, adjusted hazard ratios (HR) for low
and high cholesterol values at first examination
in relation to different causes of death are given.
These reveal a higher risk of death from coronary
heart diseases with elevated cholesterol levels
(compared with medium quartiles) in young men
(HR 5 2.31, p , 0.001) and women (HR 5 3.17,
p 5 0.018). Average cholesterol level was also
consistently predictive of risk in men at all ages
but not among women from 50 years onward.
Low cholesterol level was predictive for death of
“other cardiovascular diseases” (more chronic
patterns, such as heart failure) in women .65
years of age (HR 5 1.96, p 5 0.004).

In men, low cholesterol level appeared to be
associated with increased risk of death from can-
cer in all age groups. However, only in the $65
years group was this statistically significant (p 5
0.014). In women, low cholesterol level was sig-
nificantly predictive for death of cancer in the age
group 50–64 (p 5 0.004). In the oldest age group,
there was a borderline significant protective ef-
fect of elevated cholesterol .244 mg/dl.

No significant association of cholesterol and
death through stroke could be detected. For
“other causes of death,” there were strong effects
of low cholesterol in women .50 years of age. Be-
tween 50 and 65, the HR was 2.826 (p , 0.001),
and .65 years, the risk was increased by 1.818
(p 5 0.017). In men, the HR with lower cholesterol
was increased in the 50–64 years age group by
1.51 (p 5 0.035). Exploratory analyses revealed
that low cholesterol levels predict liver disease,
gastrointestinal cancers in both men and women,
and death through suicide or mental diseases in
men.

Finally, GEE models that take account of the
repeated measures (more than 450,000) were used
to examine the relationship between risk factors
and subsequent mortality for both men and wo-
men in the different age categories. In relation to
all-cause mortality, these produced essentially

similar results as the Cox models, high choles-
terol level being significant in men ,50 (p 5
0.005). Low cholesterol level was significantly
predictive in men and women of 50–64 years
(both p , 0.001) as well as in men of $65 years
(p 5 0.048) and in women $65 years of age (p ,
0.001). However, the relationship between low
cholesterol level and all-cause mortality in men
up to 49 years was no longer significant (p 5
0.129). Regarding mortality through coronary
heart disease, there was only one difference be-
tween the results of the two multivariate models.
For women ,50 years of age, having a low cho-
lesterol level (,184 mg/dl) was a significant pro-
tective factor (p 5 0.009), in contrast to young
men, where this association was insignificant.

Findings from GEE and Cox models were al-
most the same when eliminating deaths that oc-
curred within 1 year of the examination (between
3% and 7% depending on age and sex group). The
estimates for cholesterol also remained stable
when sociodemographic variables were added to
the models. In this population, total mortality risk
increased in blue collar male workers up to the
age of 64 (p , 0.001) and in women up to the age
of 50 (p , 0.001). Participants who were married
had a lower risk (p , 0.001), but there were no
significant interactions with cholesterol levels.

DISCUSSION

The purpose of the present study was to ad-
dress the independent impact of cholesterol lev-
els on mortality in a healthy population of 149,650
people. To our knowledge, it is probably the
largest single prospective database with equiva-
lent numbers of men and women systematically
examined using the same protocol, thus offering
a clear contrast in the female and male patterns.
This allows for precise estimates of the interrela-
tionship between age and sex on both all-cause
and disease-specific mortality and with repeated
risk factor profiles in the same individuals. Pre-
vious reports either were meta-analyses, using
different assessment procedures10 or were not
large enough to assess all-cause mortality.11–19

An important new finding is the contrast in the
predictive value of low cholesterol level between
the sexes. Although event rates at follow-up are
clearly much lower in the under-50s categories in
both sexes, there was a trend of borderline sig-
nificance between low cholesterol level and mor-
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TABLE 5. ADJUSTED HR OF CHOLESTEROL AT FIRST EXAMINATION IN RELATION TO CAUSE-SPECIFIC MORTALITY BY SEX AND AGE GROUP, VHM&PP, 1985–1999

Men Women

20–49 years 50–64 years $65 years 20–49 years 50–64 years $65 years

Coronary heart disease (ICD-9 410-414)
Cholesterol ,187/184 mg/dla 1.74 (0.89–3.43), 0.108b 1.09 (0.68–1.73), 0.728 1.19 (0.88–1.63), 0.264 0.31 (0.04–2.50), 0.270 1.18 (0.35–3.97), 0.791 1.437 (0.98–2.10), 0.062
Cholesterol .248/244 mg/dlc 2.31 (1.41–3.78), 0.001 1.26 (0.95–1.68), 0.116 1.31 (1.04–1.65), 0.021 3.17 (1.22–8.27), 0.018 1.26 (0.73–2.19), 0.412 1.003 (0.82–1.23), 0.975
Cholesterol per unit mg/dl 1.009 (1.005–1.013), ,0.001 1.004 (1.001–1.007), 0.013 1.003 (1–1.005); 0.025 1.015 (1.009–1.021), ,0.001 1.004 (0.999–1.009), 0.11 1 (0.998–1.002), 0.762

Stroke (ICD-9 430–438)
Cholesterol ,187/184 mg/dl 0.89 (0.23–3.45), 0.871 0.76 (0.29–1.94), 0.562 1.22 (0.8–1.87), 0.364 1.22 (0.31–4.87), 0.776 1.28 (0.38–4.34), 0.689 1.38 (0.82–2.32), 0.225
Cholesterol .248/244 mg/dl 0.91 (0.29–2.85), 0.873 0.78 (0.44–1.37), 0.38 1.12 (0.8–1.57), 0.518 1.36 (0.28–6.78), 0.7 0.7 (0.36–1.35), 0.287 0.91 (0.66–1.22), 0.539

Other cardiovascular diseases (ICD-9 394-409, 415-429, 440-456)
Cholesterol ,187/184 mg/dla Insufficient number 1.47 (0.85–2.55), 0.169 0.85 (0.52–1.37), 0.5 Insufficient number Insufficient number 1.96 (1.24–3.1), 0.004
Cholesterol .248/244 mg/dlc of events 0.93 (0.60–1.42), 0.723 0.81 (0.56–1.18), 0.269 of events of events 1.04 (0.78–1.39), 0.81

Cancer (ICD-9 140–239)
Cholesterol ,187/184 mg/dl 1.33 (0.86–2.08), 0.203 1.31 (0.97–1.78), 0.08 1.43 (1.08–1.89), 0.014 0.83 (0.55–1.25), 0.366 1.86 (1.22–2.82), 0.004 1.32 (0.88–1.98), 0.18
Cholesterol .248/244 mg/dl 1.11 (0.76–1.61), 0.594 1.12 (0.9–1.36), 0.314 0.97 (0.76–1.24), 0.785 1.02 (0.7–1.51), 0.903 0.8 (0.62–1.04), 0.093 0.8 (0.64–0.99), 0.048

Other death causes
Cholesterol ,187/184 mg/dl 1.14 (0.81–1.6), 0.447 1.51 (1.03–2.21), 0.035 1.19 (0.82–1.73), 0.35 0.94 (0.55–1.6), 0.824 2.83 (1.56–5.13), ,0.001 1.82 (1.11–2.98), 0.017
Cholesterol .248/244 mg/dl 1.15 (0.83–1.58), 0.41 0.84 (0.61–1.17), 0.31 0.73 (0.52–1.03), 0.075 1.388 (0.81–2.34), 0.232 0.82 (0.53–1.26), 0.356 1.03 (0.77–1.39), 0.829

a187 mg/dl 5 lower quartile border for men; 184 mg/dl 5 lower quartile border for women; referent category middle quartiles.
bHR (95% CI), p values for cause-specific survival calculated from Cox proportional hazard regression analyses; coefficients adjusted for age, systolic blood pressure, body mass index,

triglycerides, glucose, gamma-gt, and smoking.
c248 mg/dl 5 upper quartile border for men; 244 mg/dl 5 upper quartile border for women; referent category middle quartiles.



tality from cancer among the younger men, but
no such pattern for women. The relationship be-
tween low cholesterol level and all-cause mortal-
ity22–29 is confirmed for both men and women of
$50 years. This contradicts previous assessments
that low cholesterol level is just a proxy or marker
for frailty occurring with age. The fact that low
BMI is important for men but not for premeno-
pausal women suggests that low levels reflect a
process of illness in men, and a naturally low cho-
lesterol level in itself is not a risk factor but a
physiologically normal state in women. The dis-
ease-specific patterns seen for liver disease and
some cancers are all in keeping with this conclu-
sion and with the earlier literature. This study
appears to be the first to have examined this is-
sue among younger men and women and to show
the patterns on such a large scale in middle-aged
men and women.

In a definitive state-of-the-art review of the dif-
fering mortality experience of men and women
from cardiovascular disease, Barrett-Connor2 em-
phasizes the likelihood that there are distinct con-
stitutional or biological differences between men
and women, as well as gender-related accultura-
tion and lifestyle differences. Improved under-
standing of the biological determinants, includ-
ing genotypic programming, will help to
elucidate these processes. This dataset provides
strong empirical evidence for a significant bio-
logical difference between men and women and
revisits some of the previous evidence from a cur-
rent perspective.

Examination of the mean cholesterol levels ac-
cording to age in relation to both all-cause and
cardiovascular disease mortality illustrates strik-
ingly that the expected rise in cholesterol occurs
definitively in the decade from 50 years onward
and suggests, therefore, that menopausal effect
(menopausal status was not directly assessed in
the study) has to be the important determinant in
cholesterol levels in women. The Renfrew and
Paisley study13 demonstrates that conventional
risk factors are predictive of risk of cardiovascu-
lar disease, although the level of absolute risk is
of a different order, suggesting other factors at
play. The analysis of Lawlor et al.,21 implying that
variations in lifestyle risk factors explain the dif-
ferences in male-female risk ratios in interna-
tional patterns of coronary heart disease mortal-
ity, presents mainly age-standardized data, but
this can tend to obscure age-specific differences
in risk, especially important with a delayed on-

set of the disease in women relative to male co-
hort contemporaries.

Total cholesterol level was not a significant in-
dependent predictor in older women, which re-
quires interpretation. This study does not have
data available on lipoprotein profiles or hemo-
static variables, which is a drawback in address-
ing the significance of this phenomenon for long-
term mortality patterns. However, it is now
established in the literature that high-density
lipoprotein (HDL) cholesterol patterns are slower
to change adversely after menopause in wo-
men.36 It has also been elegantly demonstrated
by Meade et al.8 that it is the interaction between
preexisting underlying atheroma and midlife
changes in both hemostatic variables and lipopro-
tein profiles that accounts for the gradual increase
in risk for women, in what is a complex multi-
factorial disease. The dataset provides important
information on older participants, both women
and men. There are two possible reasons why to-
tal cholesterol may not be as important as a risk
factor in older people. First, there may be a sur-
vivor or attrition effect, with those at highest rel-
ative risk succumbing early. In this analysis,
mean cholesterol levels in survivors ,50 years
were considerably lower than in those who de-
veloped cardiovascular disease. Second, in a pop-
ulation with lifetime cumulative exposure to
atherogenic processes, the disease is very widely
established in the population as a whole in old
age.

Although its role in the etiology of coronary
heart disease is controversial, it is notable too that
triglyceride, which may be an especially impor-
tant risk factor in women,2 continues to rise with
time among women in this dataset, in contrast to
the pattern in men. If triglyceride levels consti-
tute an independent risk factor,37 this may help
to explain why women gradually catch up on risk
with men. Triglycerides can also impact the co-
agulation system through their effects on Hage-
man factor as well as direct effects on factor VII.38

There are some limitations to the VHM&PP,
primarily because of the mechanism of recruiting
the participants. Although the sample is very
large and covers a substantial part of the whole
population of the region and, hence, is likely to
be representative, it is self-selected. Nonetheless,
comparisons with the WHO standard popula-
tion33 show that the participation profile fits very
well with that expected up to the age of 65 years
in both men and women. From 65 years on, men
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are underrepresented by a factor of 0.63 and wo-
men by a factor of 0.86.

In conclusion, this large-scale population-
based study clearly demonstrates the contrasting
patterns of cholesterol level in relation to risk,
particularly among those less well studied previ-
ously, that is, women of all ages and younger peo-
ple of both sexes. The role of high cholesterol in
predicting risk of premature heart disease could
be confirmed in men of all ages and in women
under the age of 50, as could low cholesterol in
those .50 years of both sexes and in men, but not
women, ,50 years. Our analysis provides com-
prehensive empirical support for the proposition
that the differences in risk between men and wo-
men have a constitutional basis, in addition to ex-
pected environmental influences.
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