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Aims To provide contemporary data on the effect of high cholesterol and high
triglycerides on the risk of coronary heart disease (CHD) and mortality in Swedish
women and to describe secular trends with respect to serum lipids, body mass index
(BMI) and smoking in the source population.
Methods We followed 1372 women aged 39–64 years and without prior cardiovascular
disease from 1980 to 1999 through record-linkage with the Swedish hospital discharge
and cause-specific death registers. Risk factor measurements were done at baseline.
Every fifth year between 1980 and 1995 coronary risk factors were assessed in
independent samples of the source population.
Results In multivariate analyses, a 1 mmol increase in cholesterol was associated with a
51% increased risk of myocardial infarction (MI) and/or revascularisation (MI; p<0.0001)
and a 30% increased risk of being hospitalised for CHD (p<0.0004). Women with choles-
terol, 7–7.9 mmol/l, had a threefold risk of MI (HR 3.44 (1.63–7.23)) and hazard ratios in
the highest cholesterol category, ≥8 mmol/l, was 4.49 (1.92–10.50) as compared to
women with cholesterol below 6 mmol/l. A 1 mmol increase in triglycerides was associ-
ated with a 49% increased risk of MI (p�0.002) and a 45% increased risk of being
hospitalised for CHD (p�0.001) after adjustment for major coronary risk factors. A
moderate increase in triglycerides, 1.0–1.5 mmol/l, conferred no significant increase in
risk of coronary events as compared to below 1.0 mmol/l. Women with high triglycer-
ides, 1.5–1.9 mmol/l, had a doubled risk of MI (HR 2.55 (1.20–5.42)) and hazard ratios in
the highest triglyceride category, ≥2.0 mmol/l, was 3.35 (1.48–7.60). Both high choles-
terol and high triglycerides predicted mortality but the magnitude was smaller than for
coronary events. During the study period the proportion of women with low cholesterol
profile, below 6.0 mmol/l, increased on average from 49 to 68% and the proportion of
women with low triglyceride levels, below 1.0 mmol/l, decreased from 59 to 36% in the
source population. A modest increase in BMI was noted.
Conclusions Both high fasting cholesterol and high fasting triglycerides strongly
predicted coronary events in middle-aged Swedish women. The favourable decline in
cholesterol levels and smoking rates during the study period was offset by a marked
increase in triglyceride levels. The findings suggest that interventional strategies
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directed to correct abnormalities in the triglyceride metabolism may be specifically
warranted in women.
© 2003 The European Society of Cardiology. Published by Elsevier Science Ltd. All
rights reserved.

Introduction

Coronary heart disease (CHD) is a major cause of
mortality, morbidity and disability in women. It
adversely affects women health-related quality of
life and it imposes a significant burden on health
care resources. The scope of these impacts is sig-
nificant when considering the duration of disease
and the frequency of symptoms.

Due to an aging population the absolute number
of deaths due to cardiovascular disease is increas-
ing in women despite an overall reduction in mor-
tality.1 There are also studies showing that the
development with respect to decreasing trends in
incidence and mortality from CHD have been less
favourable in women than in men. This could,
partly, be related to emerging trends in coronary
risk factors, like obesity and triglyceride levels2,3

implying that metabolic factors could be of particu-
lar importance for the development of CHD in
women. In line with such arguments are findings in
several studies showing that metabolic aberrations
like triglycerides, diabetes and HDL cholesterol
seem to have a greater impact on CHD risk in
women than in men.4,5

Hypercholesterolemia and hypertriglyceridemia
are generally accepted as strong risk factors for
CHD. However, there have been relatively few
long-term follow-up studies that examined the
impact of cholesterol and triglycerides on CHD
risk in middle-aged women as compared to the
extensive research conducted in men. In addition,
studies in women have varied considerably in terms
of age characteristics, definition of end-points,
geographical locations, length of follow-up, and
time-periods covered.6,7

In prospective studies from the 1960s, particu-
larly in those from Scandinavia, a high triglyceride
profile was consistently found to be associated with
an increased risk of incident coronary events and
mortality while no association was reported with
cholesterol.8–11 We observed a similar pattern in a
case control study conducted in the 1980s with
findings that high triglycerides and low apolipo-
protein AI but not total cholesterol was indepen-
dently associated with myocardial infarction (MI) in
women below 55 years as compared to random
controls.12 Contrary to these findings, recent
follow-up studies from Scandinavia have reported
a strong association of cholesterol with CHD

incidence and mortality in middle-aged women13,14

while the association of triglycerides and CHD has
been inconsistent.15,13

The aim of this study was to estimate effects of
high lipid values on the risk of CHD and mortality in
Swedish women and to describe secular trends with
respect to serum lipids, body mass index (BMI) and
smoking in the source population.

Methods

The Göteborg BEDA study of cardiovascular
disease in women started in 1980. A random sample
(n�1746) of the female population in Göteborg
born between 1915 and 1941 (n�69,569 in 1979)
were invited to a screening examination. Women of
younger ages were oversampled such that twice as
many women below the age of 55 years were
invited to the screening examination as compared
to those above this age. Of those invited, 1413
women (81%) were investigated between November
1979 and February 1981. None of the women were
pregnant. Five were excluded because of prior AMI
(3), coronary by-pass (1), or hospitalisation for
angina (1) before screening. Women with self-
reported angina pectoris but no previous infarction-
suspect attack were included in the analysis.

Data on smoking habits, physical activity, educa-
tion, menopausal state and diabetes were collected
by a postal questionnaire that was sent to all sub-
jects along with an invitation to the study. Smoking
habits were defined as never smokers, former
smoker of more than 1 month duration, smoking
1–14 cigarettes per day, or 15 cigarettes per day, or
more. Physical activity in leisure time was coded
according to a four-graded scale, with 1 represent-
ing sedentary activity, 2 moderate activities such as
walking, or light gardening during at least 4 h per
week, and 3–4 representing regular, strenuous, or
very strenuous activity;16,17 the latter two cat-
egories were collapsed into one as there were few
women in category 4. Additional questionnaires
were filled in at screening. Women with at least
6 months since their last menstrual period were
defined as post-menopausal. Education was coded
into: (1) compulsory education only, (2) secondary
education, and (3) college or university education.
Alcohol use was quantified using a quantity-
frequency questionnaire separately for beer, wine
and spirits. One glass of beer, or of wine, or a
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measure of 4–8 cl of spirits were considered as
one drink. Alcohol intake was converted into an
approximate number of drinks per week and coded
into: (1) no or less than weekly intake of alcohol,
(2) 1–7 drinks/week, and (3) >7 drinks/week.

Screening examinations were performed in the
morning. Weight and height were measured, and
BMI calculated as weight (kg) divided by height in
metres squared. Approximated quartiles of the BMI
distribution were formed with cut-off limits of <22,
22–24, 24–27, and >27 m/kg2. Blood pressure was
measured to the nearest 2 mmHg after 5 min rest
with the subject seated. Serum cholesterol concen-
tration (from a sample taken after fasting for at
least 12 h) was determined according to Cramér
and Isaksson18 and triglycerides according to
Carlsson and Wadström.19 Of the 1408 women with-
out prior hospitalisation for cardiovascular disease,
36 had missing values for lipids, and were excluded
from multivariate analyses, which, consequently,
are based on the 1372 remaining women. Levels of
cardiovascular risk factors in 1985, 1990 and 1995
were assessed in random samples of the source
population within the framework of the WHO
MONICA Project.2

Follow-up procedures

All women in the study were followed until
31 December 1999. The Swedish national register
on deaths due to specific causes from the years
1980 to 1999 and the Swedish hospital discharge
register were matched against a computer file of
the women in the study, after approval of the
review board of the Göteborg University Ethics
Committee. In 1987, there was a change from
the eighth to ninth revision of the International
Classification of Disease, and in 1997 from the 9th
to the 10th.

MI was defined as a discharge or death with an
ICD code of 410 or I21 as the principal or underlying
diagnosis. Coronary revascularisation was defined
as discharge with any operation code of ‘3066’,
‘3067’, ‘3127’, ‘3080’, ‘FNA’, ‘FNC’, or ‘FNG’,
along with a diagnosis of CHD. Any CHD was defined
as a discharge or death with an ICD code of 410,
411, or 413 (ICD-8 and ICD-9), 120 or I21 (ICD-10)
as the principal diagnosis. There were 56 MIs,
27 revascularisations (11 in women with no preced-
ing MI) and altogether 114 cases with a discharge or
death with any coronary disease. A separate cat-
egory of women with either discharge or death
with MI or coronary revascularisation was created,
comprising 67 women.

Statistical methods

Incidence rates were based on the number of
person-years calculated from date of first exami-
nation until first event of the studied non-fatal
end-points or death or end of study period,
December 31, 1999. We used SAS statistical pack-
age (Version 8e). In the cross-sectional analyses,
multilinear regression tests were used for age
adjustment. In the prospective part of study, age-
adjusted proportional hazards analyses were used
to calculate hazard ratios. Adjustments were done
for age (years). In the multivariable adjusted analy-
ses, smoking was entered as never, former or cur-
rent smoking, menopause and diabetes were coded
as 1 for yes and 0 for no, systolic blood pressure,
and BMI were entered as continuous variables as
were serum cholesterol and serum triglycerides
unless stated otherwise. Leisure time physical
activity was entered as sedentary (level 1) versus
non-sedentary (levels 2–3). With respect to educa-
tion secondary and college/university were com-
pared with compulsory education only. For alcohol,
1–7 drinks per week was considered as the
reference.

Results

Fasting serum cholesterol and triglycerides were
categorised with focus on high lipid levels and also
with the aim of forming clinically meaningful cut-
off limits. At the baseline examination every fifth
women had either cholesterol of 7 mmol/l or above
(22%) or triglycerides of 1.5 mmol/l or above (17%)
and 8% presented with the combination (Table 1).

The relation of fasting cholesterol and tri-
glycerides and major cardiovascular risk factors
were in the directions expected (Table 1). There
were strong positive associations of cholesterol and
triglycerides with age, blood pressure and BMI as
well as strong inverse associations with educational
level. In addition, women in the higher triglyceride
categories were more likely to be smokers, have
diabetes, consume more alcohol and be less active.
Cholesterol and triglycerides were strongly related.
Post-menopausal women were more likely to have
high cholesterol levels also after correction for age.

During 19 years of follow-up we documented 67
incident MIs and/or revascularisations (MI), 114
hospitalisations for CHD and 164 deaths. The age-
adjusted risk for subsequent coronary outcomes
and mortality according to non-lipid risk factors are
given in Table 2. High BMI, systolic blood pressure,
smoking and diabetes predicted CHD incidence and
moderate leisure time physical activity was associ-
ated with a protective effect. In general, the
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Table 1 Age-adjusted baseline variables according to serum lipids in women examined in 1979–1981

Age
(years)

Post-
meno-
pausal (%)

Ever use
of HRT
(%)

Serum
cholesterol
(mmol/l)

Serum
triglyceride
(mmol/l)

Body mass
index
(kg/m2)

Systolic
blood
pressure
(mmHg)

Current
smokers
(%)

Diabetes
(%)

Compulsory
education
only (%)

Drinking
alcohol
less than
weekly (%)

More than
7 drinks/
week (%)

Mainly
sedentary
leisure time
activity (%)

Serum cholesterol, mmol/L
<6.0 666 46.5 40 11 5.22 0.94 24.1 133 35 2 60 64 8 21
6.0–6.9 400 50.2 44 11 6.48 1.18 25.0 137 38 1 69 62 9 28
7–7.9 216 53.6 47 14 7.41 1.31 24.7 137 43 3 70 69 9 26
≥8.0 90 55.1 67 23 8.74 1.62 25.4 142 36 0 72 68 17 20
p <0.0001 0.003 0.24 – <0.0001 0.0002 <0.0001 0.09 0.69 0.001 0.47 0.13 0.077

Serum trigylceride, mmol/L
<1.0 806 47.4 42 10 5.89 0.76 23.6 133 30 1 58 59 9 19
1.0–1.4 339 51.3 47 13 6.32 1.26 25.2 135 44 2 69 67 8 28
1.5–1.9 145 52.2 48 18 6.75 1.77 26.6 143 46 0 73 71 5 33
≥2.0 82 53.8 46 12 7.05 2.81 27.4 143 47 8 81 63 15 48
p <0.0001 0.42 0.52 <0.0001 – <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.002 0.60 <0.0001

Combined lipidsa

Low 504 45.9 40 5.23 0.75 23.4 132 31 1 57 60 8 18
Intermediate 760 50.6 46 6.53 1.20 25.0 136 39 2 68 64 9 27
High 108 55.3 52 7.88 2.22 26.6 143 53 4 81 77 9 26

<0.0001 0.024 – – <0.0001 <0.0001 <0.0001 0.009 <0.0001 0.046 0.98 <0.0001

aLow=serum cholesterol <6 and serum triglyceride <1mmol/l; high=serum cholesterol ≥7 and serum triglyceride ≥1.5mmol/l; intermediate=all other.
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Table 2 Outcome according to non-lipid risk factors in women examined in 1980 and followed until 1999

Number of
women
(% of total)

AMI or
revascularisaton

Any hospitalisation for
coronary heart disease

Mortality

Per 1000
observation
years (n)

Age-
adjusted
HR

Per 1000
observation
years (n)

Age-
adjusted
HR

Per 1000
observation
years (n)

Age-
adjusted
HR

Postmenopausal
No 770 1.2 (17) 1.00 2.7 (39) 1.00 3.5 (51) 1.00
Yes 602 4.7 (50) 1.77

(0.82–3.80)
7.1 (75) 1.12

(0.64–1.96)
10.4 (113) 1.10

(0.69–1.78)

Bodymass index, kg * m−2

<22 372 1.0 (7) 1.00 2.5 (17) 1.00 5.0 (35) 1.00
22–24 343 2.3 (15) 1.92

(0.78–4.72)
3.9 (25) 1.34

(0.72–2.50)
4.8 (31) 0.77

(0.48–1.26)
24–27 352 3.0 (19) 2.33

(0.97–5.56)
5.8 (37) 1.93

(1.08–3.43)
7.7 (50) 1.20

(0.78–1.85)
>27 304 4.8 (26) 3.27

(1.40–7.64)
6.5 (35) 1.90

(1.05–3.43)
8.6 (48) 1.13

(0.72–1.77)

Systolic blood pressure:
<130 571 0.8 (9) 1.00 2.0 (22) 1.00 3.8 (41) 1.00
130–144 403 3.1 (23) 2.79

(1.27–6.11)
5.2 (38) 1.99

(1.17–3.41)
5.7 (43) 1.09

(0.70–1.69)
146–158 207 4.1 (15) 2.89

(1.22–6.87)
6.1 (22) 1.91

(1.03–3.56)
11.3 (42) 1.63

(1.03–2.58)
≥160 191 5.9 (20) 3.80

(1.64–8.82)
9.6 (32) 2.81

(1.56–5.06)
10.9 (38) 1.38

(0.85–2.24)

Smoking habits
Never smoker 707 1.8 (24) 1.00 3.8 (50) 1.00 4.6 (61) 1.00
Former smoker 179 2.4 (8) 1.53

(0.69–3.42)
4.2 (14) 1.26

(0.69–2.27)
5.6 (19) 1.44

(0.86–2.42)
Smoking 1–14 cigarettes/day 318 4.4 (25) 2.70

(1.54–4.74)
5.7 (32) 1.64

(1.05–2.56)
10.1 (58) 2.40

(1.68–3.45)
Smoking >14 cigarettes/day 167 3.4 (10) 3.17

(1.48–6.76)
6.1 (18) 2.50

(1.44–4.35)
8.6 (26) 3.09

(1.93–4.96)

Diabetes
No 1350 2.5 (62) 1.00 4.4 (108) 1.00 6.2 (156) 1.00
Yes 22 15.3 (5) 5.14

(2.06–12.84)
18.7 (6) 4.00

(1.75–9.13)
22.8 (8) 2.78

(1.36–5.67)

Education
Compulsory only

867 3.3 (52) 1.00 5.4 (85) 1.00 7.1 (114) 1.00
Secondary 328 2.1 (13) 0.74

(0.40–1.35)
4.0 (24) 0.82

(0.52–1.30)
5.4 (33) 0.87

(0.59–1.29)
College or university 177 0.6 (2) 0.29

(0.07–1.21)
1.5 (5) 0.41

(0.17–1.02)
5.1 (17) 1.18

(0.70–1.99)

Alchol consumption
Little or none 872 3.1 (49) 1.27

(0.72–2.23)
4.9 (78) 1.10

(0.72–1.68)
7.1 (115) 1.38

(0.94–2.02)
1–7/week 381 2.2 (16) 1.00 4.1 (29) 1.00 4.8 (35) 1.00
>7/week 117 0.9 (2) 0.56

(0.13–2.45)
2.9 (6) 0.87

(0.36–2.09)
6.5 (14) 1.85

(0.99–3.46)

Leisure time physical activity
Sedentary 325 4.2 (24) 1.00 6.8 (39) 1.00 9.6 (56) 1.00
Moderate 941 2.1 (37) 0.50

(0.30–0.83)
3.7 (65) 0.53

(0.35–0.78)
5.6 (99) 0.56

(0.40–0.78)
Active 105 3.0 (6) 0.82

(0.34–2.01)
5.1 (10) 0.80

(0.40–1.61)
4.0 (8) 0.46

(0.22–0.97)

Use of hormone replacement therapy ever
No 1203 2.5 (56) 1.00 4.2 (92) 1.00 6.3 1.00
Yes 169 3.5 (11) 0.94

(0.49–1.80)
7.1 (22) 1.19

(0.74–1.91)
7.3 0.81

(0.52–1.26)

Missing data for body mass index in one woman, for smoking in one, for alcohol in two and for physical activity in one woman.
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associations with MI were stronger than for
the end-point hospitalisations for CHD. Post-
menopausal state and use of hormone replacement
therapy were not associated with CHD incidence
after correction for age. Smoking and diabetes pre-
dicted all cause mortality while moderate and high
physical activity asserted a protective effect.

The incidence rate of MI rose from 0.9 per 1000
person-years among women with cholesterol below
6.0 mmol/l to 9.3 per 1000 person-years among
those with cholesterol above or equal to 8.0 mmol/l
(Table 3). After correction for non-lipid risk factors
the risk was significantly increased in women with
cholesterol 7–7.9 mmol/l (HR 4.03 (1.96–8.31)) and
women with cholesterol equal to or above 8 mmol/l
had an almost sixfold increased risk (HR 5.75(2.51–
13.15)) as compared to women with cholesterol
below 6 mmol/l. Adjustment for coronary risk fac-
tors including triglycerides attenuated the risk es-
timates, but only modestly and the risk remained
significantly increased for women with high choles-
terol (≥7 mmol/l). When cholesterol was tested as a
continuous variable a 1 mmol increase was associ-
ated with a 51% increased risk of MI (HR 1.51
(1.26–1.81)).

There was a similarly significant association be-
tween fasting triglycerides and the incidence of MI
(Table 3). The hazard ratios corrected for non-lipid
variables were increased for all triglyceride catego-
ries (1.0–1.4, 1.5–1.9, ≥2 mmol/l) and were 2.13
(1.08–4.22), 2.55 (1.20–5.45) and 5.57 (2.54–
12.22), respectively, as compared to below
1 mmol/l. Inclusion of cholesterol in the multivari-
able adjustment attenuated the risk estimates and
particularly in the highest triglyceride category.
Still, women with triglycerides equal to or above
2 mmol/l had a threefold increased risk (HR 3.35
(1.48–7.60)). The risk estimates were materially
unchanged when usage of hormone replacement
treatment was added in the model (data not
shown). The adjusted risk of MI per millimolar
increase of triglycerides was 1.49 (1.15–1.92).

Of the total number of women suffering MI
during follow-up, 34% occurred among the small
proportion of the population with both high choles-
terol (≥7 mmol/l) and high triglyceride levels
(≥1.5 mmol/l) at baseline as compared to 10%
among the women with low lipids defined as both
cholesterol below 6 mmol/l and triglycerides below
1 mmol/l (HR 7.86 (3.11–19.88)). The largest
number of events (55%) occurred in women with
intermediately elevated lipids.

Hospitalisations for CHD increased with increas-
ing lipid levels and the relationship was similar to
what we observed for MI but less strong (Table 4).

Women with cholesterol 7–7.9 mmol/l had a three-
fold increase in risk (HR 3.01 (1.78–5.11)) as did
women with cholesterol equal to or above 8 mmol/l
(HR 3.16 (1.65–6.08)) compared to below 6 mmol/l
after adjustment for non-lipid coronary risk fac-
tors. In women with triglycerides 1.0–1.5 mmol/l
the HR was 2.60 (1.50–4.51) after adjustment for
multiple non-lipid risk factors and women with
triglycerides ≥2 mmol/l had a HR of 3.25 (1.75–
6.05) compared to women below <1 mmol/l. The
risks were modestly attenuated after inclusion of
both lipids in the multivariable adjustment. The
hazard ratio of being hospitalised for CHD per unit
increase of cholesterol and triglycerides was 1.37
(1.19–1.57) and 1.58 (1.29–1.94), respectively.

Both cholesterol and triglycerides predicted all
cause mortality (Table 5). The risk increased sig-
nificantly across categories of cholesterol (p for
trend 0.0003) and triglycerides (p for trend
<0.0001) but the magnitude was less steep than for
coronary events.

Changes in lipid levels in the source population
between 1980 and 1995 are shown in Table 6.
Cholesterol declined significantly in all age groups
and the proportion of women with cholesterol
levels below 6.0 mmol/l, increased, on average,
from 49 to 68%. In contrast, the proportion of
women with serum triglycerides below 1 mmol/l
decreased from 59 to 36%. Mean age-adjusted
values of serum triglycerides increased from 1.13 to
1.34 mmol/l during the study period (p<0.0001)
mainly in women below 54 years. In all age groups
the proportion of smokers decreased, on average
from 35 to 27%. Mean age-adjusted BMI increased
from 24.6 to 25.2 (p�0.003) with a significant
increase observed only in the age group of 55–64
years.

Discussion

In this population-based study in middle-aged
Swedish women, followed for 19 years, we found
that high fasting cholesterol and high fasting tri-
glycerides were strongly associated with an in-
creased risk of MI and/or revascularisations,
hospitalisations for CHD and total mortality. The
associations were independent of age, menopausal
state, systolic blood pressure, BMI, diabetes, alco-
hol use, physical activity, education and any lipids.

Hypercholesterolemia is generally accepted as
one of the strongest risk factors for CHD. In an
analysis of 13 studies conducted during the 1950s to
early 1970s in women below 65 years the crude
relative risk pooled across studies for fatal CHD was
2.44 among those with cholesterol levels of
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Table 3 Myocardial infarction and/or coronary revascularisation according to serum cholesterol and serum triglyceride levels in women examined in 1979–1981 and followed until
1999

Number of
women
(% of total)

Observation
years

Cases (n) Per 1000
observation years

Hazard ratio
adjusted for age

Multivariable
adjustedahazard
ratio

Multivariable
adjusteda hazard
ratio, including both
lipids

Serum cholesterol, mmol/L
<6.0 666 (49) 12,646 12 0.9 1.00 1.00 1.00
6.0–6.9 400 (29) 7356 16 2.2 1.80 (0.84–3.85) 1.52 (0.70–3.26) 1.38 (0.64–2.99)
7–7.9 216 (16) 3730 25 6.7 4.58 (2.21–9.49) 4.03 (1.96–8.31) 3.44 (1.63–7.23)
≥8.0 90 (7) 1513 14 9.3 5.78 (2.54–13.14) 5.75 (2.51–13.15) 4.49 (1.92–10.50)

Per mmol increase 1.58 (1.34–1.87) 1.57 (1.33–1.87) 1.51 (1.26–1.81)

p for trend <0.0001 <0.0001 <0.0001

Serum triglyceride, mmol/L
<1.0 806 (59) 15,334 16 1.0 1.00 1.00 1.00
1.0–1.4 339 (25) 6087 20 3.3 2.41 (1.23–4.71) 2.13 (1.08–4.22) 1.81 (0.91–3.58)
1.5–1.9 145 (11) 2496 16 6.4 4.39 (2.15–8.98) 3.30 (1.55–7.03) 2.55 (1.20–5.42)
≥2.0 82 (6) 1329 15 11.3 7.37 (3.53–15.38) 5.57 (2.54–12.22) 3.35 (1.48–7.60)

Per mmol increase 1.86 (1.55–2.22) 1.65 (1.30–2.10) 1.49 (1.15–1.92)

p for trend <0.0001 <0.0001 0.002

Combined lipidsb

Low 504 (37) 9672 7 0.7 1.00 1.00 –
Intermediate 760 (55) 13,835 37 2.7 2.70 (1.18–6.17) 2.19 (0.95–5.07) –
High 108 (8) 1754 23 13.1 10.72 (4.35–26.43) 7.86 (3.11–19.88) –

aAdjusted for age, menopause, smoking, diabetes, physical activity, systolic blood pressure, body mass index, alcohol consumption and education.
bLow=serum cholesterol <6 and serum triglyceride <1mmol/l; high=serum cholesterol ≥7 and serum triglyceride ≥1.5mmol/l; intermediate=all other.
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Table 4 All hospitalisations for coronary heart disease by serum cholesterol and serum triglyceride levels in women examined in 1979–1981 and followed until 1999

Number of
women
(% of total)

Observation
years

Cases (n) Per 1000
observation years

Hazard ratio
adjusted for age

Multivariable
adjustedahazard
ratio

Multivariable
adjusteda hazard
ratio, including both
lipids

Serum cholesterol, mmol/L
<6.0 666 (49) 12,580 27 2.1 1.00 1.00 1.00
6.0–6.9 400 (29) 7295 33 4.5 1.71 (1.02–2.87) 1.55 (0.92–2.60) 1.41 (0.83–2.39)
7–7.9 216 (16) 3685 37 10.0 3.24 (1.90–5.50) 3.01 (1.78–5.11) 2.63 (1.53–4.52)
≥8.0 90 (7) 1509 17 11.3 3.33 (1.75–6.35) 3.16 (1.65–6.08) 2.50 (1.28–7.90)

Per mmol increase 1.40 (1.22–1.61) 1.37 (1.19–1.57) 1.30 (1.13–1.50)

p for trend <0.0001 <0.0001 0.0004

Serum triglyceride, mmol/L
<1.0 806 (59) 15,250 39 2.6 1.00 1.00 1.00
1.0–1.4 339 (25) 6005 31 5.2 1.60 (0.99–2.60) 1.52 (0.93–2.49) 1.37 (0.83–2.24)
1.5–1.9 145 (10) 2484 26 10.5 3.13 (1.88–5.23) 2.60 (1.50–4.51) 2.17 (1.25–3.78)
≥2.0 82 (6) 1330 18 13.5 3.82 (2.13–6.84) 3.25 (1.75–6.05) 2.26 (1.17–4.38)

Per mmol increase 1.79 (1.51–2.12) 1.58 (1.29–1.94) 1.45 (1.16–1.80)

p for trend <0.0001 <0.0001 0.001

Combined lipidsb

Low 504 (37) 9631 18 1.9 1.00 1.00 –
Intermediate 760 (55) 13,695 68 5.0 2.02 (1.18–3.46) 1.75 (1.01–3.02) –
High 108 (8) 1743 28 16.1 5.48 (2.90–10.39) 4.42 (2.28–8.57) –

aAdjusted for age, menopause, smoking, diabetes, physical activity, systolic blood pressure, body mass index, alcohol consumption and education.
bLow=serum cholesterol <6 and serum triglyceride <1mmol/l; high=serum cholesterol ≥7 and serum triglyceride ≥1.5mmol/l; intermediate=all other.
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Table 5 Mortality from all causes by serum cholesterol and serum triglyceride levels in women examined in 1979–1981 and followed until 1999

Number of women
(% of total)

Observation
years

Deaths (n) Per 1000
observation years

Hazard ratio
adjusted for age

Multivariable
adjustedahazard
ratio

Multivariable
adjusteda hazard
ratio, including both
lipids

Serum cholesterol, mmol/L
<6.0 666 12,690 45 3.5 1.00 1.00 1.00
6.0–6.9 400 7437 47 6.3 1.34 (0.88–2.03) 1.33 (0.87–2.02) 1.22 (0.80–1.87)
7–7.9 216 3818 50 13.1 2.17 (1.41–3.33) 2.04 (1.32–3.15) 1.77 (1.13–2.78)
≥8.0 90 1614 22 13.6 1.95 (1.13–3.37) 1.98 (1.14–3.46) 1.53 (0.86–2.73)

Per mmol increase 1.27 (1.12–1.42) 1.25 (1.11–1.40) 1.18 (1.04–1.34)

p for trend <0.0001 0.0003 0.011

Serum triglyceride, mmol/L
<1.0 806 15,395 57 3.7 1.00 1.00 1.00
1.0–1.4 339 6150 52 8.5 1.70 (1.15–2.50) 1.69 (1.14–2.52) 1.59 (1.06–2.37)
1.5–1.9 145 2598 27 10.4 1.85 (1.15–2.98) 1.71 (1.03–2.84) 1.49 (0.89–2.50)
≥2.0 82 1415 28 19.8 3.35 (2.09–5.36) 2.79 (1.67–4.68) 2.20 (1.26–3.82)

Per mmol increase 1.60 (1.39–1.84) 1.49 (1.25–1.77) 1.40 (1.16–1.68)

p for trend <0.0001 <0.0001 0.0004

Combined lipidsb

Low 504 9697 26 2.7 1.00 1.00 –
Intermediate 760 13,985 104 7.4 1.91 (1.22–2.98) 1.80 (1.14–2.85) –
High 108 1877 34 18.1 3.35 (1.93–5.81) 2.83 (1.59–5.03) –

aAdjusted for age, menopause, smoking, diabetes, physical activity, systolic blood pressure, body mass index, alcohol consumption and education.
bLow=serum cholesterol <6 and serum triglyceride <1mmol/l; high=serum cholesterol ≥7 and serum triglyceride ≥1.5mmol/l; intermediate=all other.
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6.20 mmol/l or higher as compared to women with
cholesterol less than 5.17 mmol/l.7 Data summa-
rised from the Framingham and the Donolo-Tel Aviv
studies showed that women with cholesterol ex-
ceeding 265 mg/dl (6.85 mmol/l) had incidence
rates of MI/definite coronary events more than
three times that of women having the lowest chol-

esterol values.6 The risk of coronary disease in
women with cholesterol below 264 did not substan-
tially vary in either population. From the same
time period two prospective studies performed in
Scandinavia with baseline examinations done in the
1960s, found no significant association between
cholesterol and subsequent MI, coronary deaths

Table 6 Lipids, body mass index and smoking by age in women in Göteborg 1980–1995

Year Number Age All
(age-adjusted)

39–44 45–54 55–64

Serum cholesterol, mmol/l
1980 426 5.50 (0.94) 601 6.23 (1.09) 345 6.84 (1.34) 1372 6.21
1985 117 5.82 (1.31) 198 6.21 (1.21) 168 6.77 (1.25) 483 6.27
1990 151 5.26 (0.87) 217 5.83 (1.15) 215 6.53 (1.12) 583 5.90
1995 169 5.14 (1.01) 241 5.61 (1.08) 225 6.05 (0.98) 635 5.58

p for trend <0.0001 <0.0001 <0.0001 <0.0001

Serum cholesterol <6%
1980 71 46 24 49
1985 62 48 24 47
1990 83 60 35 61
1995 82 69 50 68

Serum cholesterol ≥7%
1980 6 21 45 22
1985 17 22 41 25
1990 3 15 35 16
1995 4 10 17 10

Serum triglycerides mmol/l
1980 426 0.95 (0.48) 601 1.07 (0.54) 346 1.39 (0.77) 1372 1.13
1985 117 0.99 (0.61) 198 1.18 (0.68) 168 1.33 (0.86) 483 1.18
1990 151 1.07 (0.47) 217 1.27 (0.51) 214 1.47 (0.59) 583 1.28
1995 169 1.17 (0.54) 241 1.39 (0.75) 225 1.48 (0.76) 635 1.34

p for trend <0.0001 <0.0001 0.12 <0.0001

Serum triglycerides <1%
1980 73 62 35 59
1985 62 51 36 51
1990 55 33 22 37
1995 49 34 24 36

Serum triglycerides ≥1.5%
1980 9 14 30 16
1985 10 20 31 19
1990 13 29 41 27
1995 23 33 39 31

Body mass index
1980 426 23.7 (3.6) 601 24.7 (3.9) 345 25.5 (4.1) 1372 24.6
1985 117 24.1 (3.7) 198 24.2 (3.9) 168 25.6 (4.3) 483 24.6
1990 151 23.9 (3.5) 217 24.9 (4.5) 215 26.0 (4.4) 583 25.0
1995 169 24.0 (3.5) 241 25.1 (4.2) 225 26.3 (4.5) 635 25.2

p for trend 0.25 0.12 0.017 0.003

Current smokers
1980 426 41 601 34 345 31 1372 35
1985 117 41 198 35 168 28 483 35
1990 151 29 217 31 215 26 583 29
1995 169 33 241 25 225 23 635 27

p for trend 0.013 0.018 0.027 <0.0001
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or total mortality.8–10 However, in a recent
publication on an extended follow-up, serum chol-
esterol was significantly associated with total
mortality in women aged 38 years at baseline but
not among older women.11

Studies from the 1970s consistently found a
strong association of cholesterol and CHD mortality
in middle-aged women. In the Renfrew and Paisley
survey the relative risk of coronary death during 15
years of follow-up adjusted for non-lipid risk
factors was 1.77 (1.45–2.16) in women aged
45–64 years with cholesterol above 7.2 mmol/l as
compared to women with cholesterol below
5.5 mmol/l.20 No association was found with all
cause mortality.21 A Dutch study in subjects aged
30–54 years and with a 12 year follow-up found
a three- to fourfold increase in risk of CHD deaths
in women with cholesterol equal to or above
6 mmol/l, based, however, on 38 deaths only.22

The relative risk for all cause mortality (N�501)
was increased 1.5 (1.1–1.9). Stensvold et al.15

observed an independent association of non-
fasting cholesterol and coronary mortality in
35–49 years old women followed-up for 15 years,
relative risk 1.3 (1.1–1.6) per unit increase of
cholesterol.

In two recently reported studies from Finland
and Norway, conducted from the late 1970s and
early 1980s and thus more comparable to our study
in terms of study period as well as geographical
setting, total cholesterol was a highly significant
predictor for subsequent CHD incidence and mor-
tality in middle-aged women (as in men).13,14 A
1 mmol/l increase in cholesterol was associated
with a 38% increase in risk of incident MI in the
study by Njølstad et al.13 after adjustment for
coronary risk factors including triglycerides and
HDL cholesterol. In addition, it was observed that
only at cholesterol levels of 7.4 mmol/l or above
did the incidence rise in women and the association
was significant in smokers only. In the study by
Jousilahti et al.14 a 1 mmol increase in cholesterol
was associated with a 21% increase both in CHD
incidence and CHD mortality. The strong associ-
ation with high cholesterol levels and CHD inci-
dence and mortality is in agreement with our
results showing 51% increase in MI, 30% increase in
CHD hospitalisations and 18% increase in mortality
per 1 mmol increase in cholesterol after adjust-
ment for non-lipid variables and triglycerides. HDL
cholesterol was not measured in our study but as
reported in other studies in women a correction
including HDL cholesterol would probably have had
only a marginal impact on the magnitude of the
associations observed.13

In the present study, women with triglycerides
equal to or above 1.5 mmol/l had a three- to sixfold
increased risk of MI, a threefold increase in risk of
being hospitalised with CHD and a doubling in risk of
all cause mortality as compared to women with
triglycerides below 1.0 mmol/l. Although triglycer-
ides were strongly related to systolic blood press-
ure, smoking, BMI, diabetes and physical activity,
adjustment for these and other non-lipid factors
did not materially alter the risk estimates. The
association between triglyceride and CHD remained
also after adjustment for cholesterol. However, it
could be argued that correction for total choles-
terol may represent an overcorrection as a propor-
tion of the cholesterol is transported by triglyceride
rich particles.23,24

Our data are consistent with earlier reports
showing that fasting elevated triglyceride levels
are strongly associated with CHD in women. In a
meta analysis including five population-based pro-
spective studies in women of triglycerides and car-
diovascular disease relative risk estimates in
individual studies for triglyceride varied between
1.69 and 2.05 and the summary univariate RR was
1.79 (1.50–2.07).24 After adjustment for HDL chol-
esterol and other risk factors, the risk was de-
creased to 44% in women but remained statistically
significant. Corresponding estimate for MI in our
study, adjusted for total cholesterol and other non-
lipid risk factor was 49%. As HDL cholesterol was not
measured in our study and as adjustment for HDL
substantially attenuates the association of tri-
glycerides with the risk of CHD23,25,26 the relative
risks in our study may be overestimated. However,
the strong inverse correlation between triglyceride
and HDL cholesterol and the considerable differ-
ences in the variation of these measurements
may result in a consistent underestimation of the
association triglyceride-disease in multivariate
analyses.26

Interestingly, it has been noted that triglycer-
ides seemed to be a more potent risk factor for
cardiovascular disease in Scandinavian than in
other countries.26 In the meta analysis, mentioned
earlier, the crude relative risk estimates were
higher in studies conducted in Sweden8–10 than in
studies from the US (2.02 vs 1,71).7 A similar differ-
ence between geographical regions was also ob-
served among men. In more recent studies from
Scandinavia, started in the 1970s or 1980s and with
at least 10 years follow-up of middle-aged women,
Njølstad et al.13 found no association of triglycer-
ides and CHD incidence in multivariate analysis
including lipids. Other studies from the US reported
triglycerides to provide substantial CHD prediction
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also after adjustment for LDL-C and HDL-C and
Lp(a).27 Triglycerides were also associated with
much greater top quintile relative risk in women
(4.7) than in men (2.1).27

There are several limitations with respect to the
finding of the present study. There were a limited
number of end-points, which is often the case in
studies on CHD in women. This means that the
confidence intervals in some instances are wide.
The end-point data were derived from official reg-
isters and not specifically validated for this study.
However, the registers used in the present study
have been used to create the National AMI register
in Sweden which has been validated by comparing
data from register with a random sample of medical
records from patients discharged with a diagnosis
of either acute MI or other ischemic heart dis-
ease.28 The predefined criteria for definite MI was
met in 86%, with a further 9% classified as ‘probable
MI’.

During the past 20 years CHD incidence and
mortality has declined in middle-aged women in
Sweden and the cardiovascular risk factor pattern
has changed.2,29 Data from this study including
information from the MONICA surveys (1985–1995),
where the laboratory methods were standardised,
show decreasing serum cholesterol and smoking
rates while BMI and triglycerides increased in
women. During this time period body weight in-
creased, particularly among young women, despite
no decrease of reported physical activity.2 In an-
other study of Göteborg women there have been
increases in waist to hip ratio from the late 1960s to
early 1990s whereas BMI remained stable.30 It is
likely that an imbalance between calorie intake,
content and composition of diet, and a sedentary
life style is an important explanatory factor for the
increasing levels of triglycerides and BMI observed
in this study. Thus, a pattern of risk factors mainly
characterised by metabolic disturbances is emerg-
ing in women. In view of the fact that several
studies have shown that the development of the
declining trends in CHD incidence and mortality
have been less favourable in women than in
men31–33 and the findings that triglycerides, dia-
betes and HDL cholesterol seem to assert a greater
impact on CHD risk in women than in men4,5 preven-
tive measures to correct metabolic aberrations
seem particularly warranted in women.

In conclusion, elevated fasting cholesterol and
fasting triglycerides are associated with a high risk
of developing CHD in middle-aged women. The
favourable declining trend in cholesterol and smok-
ing in the population was offset by an appreciable
increase in serum triglycerides and a moderate

increase in BMI suggesting that interventional strat-
egies directed to correct metabolic aberrations
may be specifically warranted in women.
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