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ABSTRACT

Objective To examine the association between
triglycerides and cholesterol serum values and risk of
developing heart failure in women.

Design Longitudinal observational study of four cohorts
50-year-old women examined in 1968—-1969, 1980-1981,
1992-1993 and 2004-2005, and followed until 2012. S-
triglycerides and s-cholesterol were measured at baseline
and heart failure morbidity and mortality data collected
from 1980 to 2012.

Setting Prospective population study Gothenburg,
Sweden. Primary care.

Participants 1143 women 50 year old without history of
heart failure or myocardial infarction.

Main outcome measure Association among s-
triglycerides, s-cholesterol and heart failure expressed

as HR for heart failure, adjusted for smoking, body mass
index (BMI), physical activity and age.

Results For 50-year-old women examined in 1968—1969,
there was an independent association between level of
s-triglycerides and heart failure and a significantly higher
risk of developing heart failure (HR 1.8; Cl 1.16 to 2.80, for
each increment of 1.0 mmol/L in s-triglycerides), adjusted
for smoking, BMI, physical activity and age. There was

no significant association between s-cholesterol and risk
of heart failure (HR 0.9; Cl 0.77 to 1.15). In the cohorts

of 50-year-old women examined in 1980 and 1992,

there were no significant associations between neither
s-triglycerides or s-cholesterol and the risk of heart
failure. In the pooled analyses of the cohorts examined

in 1968, 1980 and 1992, a significantly increased risk

of heart failure was found (HR 1.49; Cl 1.10 to 2.03) for
s-triglycerides independently, but not for s-cholesterol.
None of the 50-year-old women examined in 2004-2005
developed heart failure by 2012 and were excluded from
further analyses.

Conclusions High levels of s-triglycerides but not s-
cholesterol may be a risk marker for later development of
heart failure in 50-year-old women.

INTRODUCTION

Heart failure is a progressive severe condition
that gradually reduces the physical capacity
and affects the cognitive capability of the
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Strengths and limitations of this study

» This study has a high participation rate.

» This study has a high representativeness of women
in the study area.

» There was a long follow-up time, 20-44 years.

» There was a fairly small number of women in each
cohort.

» Analyses of lipids such as high-density lipoprotein,
low-density lipoprotein or apolipoprotein were not
available at the time.

patient." Heart failure is associated with a
considerable amount of personal suffering
and a great burden on hospital care and the
economy.” > The prognosis is found to be
worse than for some of the most common
types of cancers.* The overall prevalence of
heart failure in developed countries is around
2%.° In Sweden, the estimated prevalence
was 2.2% in 2010.° The American Heart Asso-
ciation predicts an increase in heart failure
prevalence from 2.42% in 2010 to 2.97% in
2030.” The prevalence increases with age to
about 8.4% for those aged 75 years or older.®

There are several risk factors for heart
failure, and they differ somewhat between
men and women. Heart failure is more
common among men than among women
up to the age of 80 years. Heart failure with
reduced ejection fraction as a result of isch-
aemic heart disease is more prevalent among
men, while heart failure with preserved ejec-
tion fraction related to hypertensive heart
disease is the most prevalent form of heart
failure in elderly women. Important comor-
bidities in women are diabetes, anaemia
and thyroid diseases.” Smoking, obesity and
a sedentary life style have also been shown
to be mutually independent risk factors for
future heart failure in women.'’ " High levels
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of serum high-density lipoprotein cholesterol (HDL-
cholesterol) and triglycerides have been associated with
lower mortality in patients with already established symp-
tomatic heart failure,12 and elevated non-HDL-cholesterol
and decreased HDL-cholesterol have been associated
with an increased risk of future heart failure." Increased
apolipoprotein B/apolipoprotein A-1 (apo B/apo A-1)
ratio and the metabolic syndrome have also been shown
to be independent risk factors for heart failure in men.'*'?

Most studies on lipids and heart failure have not
focused on women. Thus, the role of serum cholesterol
and triglycerides as a possible risk marker for future heart
failure in women has not been thoroughly investigated.
One study showed that among the lipid components, the
apo B/apo A-1 ratio and triglycerides were the strongest
risk factors for heart failure. In men, the apo B/apo A-1
ratio was the best predictor for heart failure, whereas in
women triglycerides were slightly better predictors.'® The
study did not take into consideration other important
factors such as body weight, alcohol use and smoking.

We therefore found it important to focus on cholesterol
and triglycerides and their significance in the develop-
ment of heart failure in women.

AIM

The aim of this study was to examine the role of serum
triglycerides and serum cholesterol on the risk of devel-
oping heart failure in population-based cohorts of
50-year-old women.

METHODS
Study population
The study population includes 1145 50-year-old women,
originating from the Prospective Population Study of
Women in Gothenburg (PPSWG). The participants were
selected from the Swedish Population Register based on
birth dates and shown to be representative of the female
population in Gothenburg.

The PPSWG was initiated in 1968-1969 with a cross-
sectional examination of 1462 women aged 38, 46, 50, 54
and 60 years. Ninety-one per cent of the initially sampled

436 b50-year-old women participated (n=398). All the
women were followed longitudinally and the examina-
tions were conducted according to the same protocol at
every re-examination.'”

In 1980-1981, a follow-up examination was performed.
To ensure representativeness, women born 1930 outside
Gothenburg, but who had moved into the study area and
who fulfilled the inclusion criteria, were invited to the
examination together with women examined in 1968—
1969 at the age of 38 years. The examination included 355
women born 1930 and representative of the 50-year-old
female population. Participation rate in 1980-1981 was
83%."°

The next follow-up was conducted in 1992-1993.
Ninety-nine women participated at the age of 50 years.
Out of 122 women examined in 1980-1981 at age 38
years, 93 were re-examined at age 50 years (participa-
tion rate 76 %). To guarantee representativeness also in
this examination, women who had moved into Gothen-
burg and fulfilled the inclusion criteria were invited. Six
women were newly included at age 50."

In 2004-2005, a new follow-up was performed. At this
examination, women who had previously participated in
the PPSWG were invited together with a new sample of
women aged 50 years who lived in Gothenburg. In total,
503 50-year-old women were invited. Two hundred and
ninety-three women participated, resulting in a partici-
pation rate of 58%. The new sample was recruited from
the Revenue Office Register based on birth dates to make
it representative, and women who had previously partici-
pated in the PPSWG were invited even though they were
living outside Gothenburg.*

The number of participants, participation rates and
the duration of the follow-up period are shown in
table 1.

In order to perform the examinations at the time of the
girl’s age +6 months, the examination period started in
the autumn of the examination year and extended to late
spring of the following year. For simplification purposes,
examination year 1968-1969 is indicated as 1968, 1980—
1981 as 1980 and so on.

Table 1 Year of birth date and age (years), numbers of participants (n) and participation rates (%) in 1968-1969, 1980-1981,

1992-1993 and 2004-2005

Year of examination 1968-1969 1980-1981 1992-1993 2004-2005
Year of birth 1918 1930 1930 1942 1942 1954 1954

Age 50 38 50 38 50 38 50

n (participants) 398 372 355 122 99 69 293
Participation rate (%) 91~ 83t 76% 588§
Follow-up (years) 44 32 20 8

*Of the 436 women initially sampled at age 50years old.

TOf the 372 women born in 1930 who participated in the examination 1968-1969.
$Of the 122 women born in 1942 who participated in the examination 1980-1981.

§Of the 503 women invited in 2004-2005.
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Methodology

All the women underwent the same investigations at all
the follow-up examinations. The examinations contained
a multidisciplinary investigation including registration
of socioeconomic status based on the years of education,
marital status and occupation of the woman/husband
according to Carlsson’s occupational grouping system.21
Information on lifestyle-related measures such as smoking
habits, drinking habits and level of physical activity was
registered. A general and gynaecological medical history,
information on medication consumption was also regis-
tered; family history of diseases and life satisfaction assess-
ments were collected.

Physical examinations were conducted by a nurse and
a physician according to the same protocol at all exam-
inations, including body weight, body height, calculation
of body mass index (BMI, weight in kilograms divided
by height in metres squared), waist circumference, hip
circumference, waist-hip ratio (WHR) and blood pres-
sure measurements. Using a balance scale, body weight
was measured to the nearest 0.1kg. Body height was
measured without shoes, in metres to the nearest 0.5 cm.
Waist circumference was measured by using a steel tape
midway between the lowest rib and the iliac crest and esti-
mated to the nearest 0.5cm, and hip circumference was
measured at the level of the widest circumference over
greater trochanters. In the morning, blood samples were
drawn, and a urinary sample was collected. The women
were instructed not to eat during the preceding night but
were allowed to drink water. Levels of total s-cholesterol,
s-triglycerides and b-glucose were analysed according to
standard methods of the laboratory of the Sahlgrenska
University Hospital, Gothenburg.

Systolic and diastolic blood pressure was measured in
the sitting position after 5min of rest, to the nearest 2mm
Hg, using a mercury manometer, cuff width 12 cm. A stan-
dard 12-lead ECG was taken.

Definition of risk factors

Socioeconomic position was classified into three groups,
low, medium and high, according to Carlsson’s standard
occupations grouping system.”'

Physical activity was assessed as leisure time physical
activity, classified as not active (inactive or almostinactive)
and active (at least 4hours/week gardening, running,
dancing, playing golf, tennis or similar activities during
the last year or regular intense training several times per
week), according to the validated Saltin-Grimby physical
activity level scale.”

Women were classified according to their smoking
habits as smokers (women who smoked more than
one cigarette per day or had stopped smoking during
the previous year) and non-smokers (women who had
stopped smoking more than a year before examination
and women who had never smoked).

Normal weight was classified as BMI <25. Overweight
was classified as 25<BMI< 30and obesity was classified as
BMI >30, in accordance with WHO classification.

Ascertainment of diagnoses

The diagnoses were classified according to the Inter-
national Classification of Diseases (ICD), 9th revision
(ICD-9) and from 1997, 10th revision (ICD-10). Heart
failure was defined as ICD-9 428 A, B or X or ICD-10 150.

Follow-up data

Hospital care diagnoses of heart failure were collected
continually from the Swedish Hospital Discharge Registry,
available since 1980, containing data about all discharge
diagnoses from Swedish hospitals. The data collection
period was from 1 January 1980 to 31 December 2012.
Mortality data were collected from the Swedish National
Board of Health and Welfare register of causes of death
up to 31 December 2012. Ingelsson et al proved that,
according to the European Society of Cardiology defi-
nition of heart failure, the accuracy of heart failure as a
primary discharge diagnosis from Swedish hospital was
82%-95%.%

Serum triglycerides and serum cholesterol were
measured at baseline between 1968 and 2004. The cardio-
vascular disease risk time was calculated from the day the
diagnosis was registered, and the longest follow-up time
was 44 years.

Statistical analyses

There were four population-based cohorts of women
aged 50 years, born in 1918, 1930, 1942 and 1954 and
examined in 1968, 1980, 1992 and 2004, respectively. Only
women without a history of heart failure were included
in the analyses. Two women in the 1954 cohort devel-
oped heart failure before the age of 50, and 18 women
were diagnosed with myocardial infarction prior to the
heart failure diagnosis. These 20 women were therefore
excluded from further analyses.

Differences between groups concerning descriptive
data were analysed by t-test for continuous variables and
by Pearson’s %” test for categorical variables. Incidence
rate was calculated as risk of heart failure per 1000 person
years at risk. The associations between heart failure and
serum triglycerides and serum cholesterol as continuous
variables were tested in Cox regression models, taking
into consideration the time to receive a heart failure
diagnosis. Descriptive statistics included number of cases,
number of events, time at risk, incidence rate (risk per
1000 years), relative risk and mean risk time for each
cohort and for the total number of participants (table 2).

In multivariable models, we controlled for age, BMI,
smoking and physical activity. Main outcome measure
was HR for heart failure and significance level was set at
p<0.05.

All statistical analyses were made by using SAS.

Patient and public involvement

It was not possible to involve patients or the public in the
design, or conduct, or reporting, or dissemination plans
of our research.
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Table 2 Number of cases, number of events, time at risk, incidence rate (risk per 1000 years), mean risk time for each cohort

as well as for the total number of participants

Proportion
Number of Number of of events Time at risk Risk per Mean risk
Year of birth women events (%) years 1000 years Cl (95%) time P values
1918 398 109 27.4 12483 8.7 Reference 31.4 <0.001
1930 355 42 11.8 9713 43 0.34to0.71 274 <0.001
1942 99 4 4.0 1877 2.1 0.07t0 0.64 19.0 0.001
1954 291 0 0.0 2296 0.0 0.00to 0.15 7.9 <0.001
Total 1143 155 5.9
RESULTS examined in 1980 compared with the other cohorts.

The study included 1143 women examined at age 50.6
years and followed longitudinally. There was no differ-
ence in age between the different cohorts. During the
follow-up period, 155 women were diagnosed with heart
failure. In the cohort examined in 1968 and followed to
the age of 94, 109 women developed heart failure. In the
cohort examined in 1980 and followed to the age of 82,
42 women developed heart failure. Four of the 99 women
examined in 1992 were diagnosed with heart failure. In
the latest cohort examined in 2004, no women were diag-
nosed with heart failure. This cohort was therefore not
included in the final analyses. Table 3 shows risk factor
characteristics for the four cohorts.

Women in the oldest cohort had slightly higher systolic
blood pressure. More women smoked in the cohort

Serum cholesterol and serum triglycerides were higher
in the oldest cohort compared with the later born
cohorts, whereas BMI did not significantly differ between
the cohorts. Blood glucose and WHR were higher in
the youngest cohort. More women in the examination
1968 and in the examination 2004 were physically active
compared with women in the cohorts examined in 1980
and 1992. There were more women in the oldest cohort
belonging to socioeconomic position level III, compared
with the younger cohorts. When all three cohorts exam-
ined in 1968, 1980 and 1992 were analysed together,
we found a significantly increased risk of heart failure
(HR 1.49; CI 1.10 to 2.03) for serum triglycerides inde-
pendently, but not for serum cholesterol, adjusted for
smoking and BMI, physical activity and age. In the oldest

Table 3 Risk factor characteristics for 50-year-old women in the Prospective Population Study of Women in Gothenburg born

in 1918, 1930, 1942 and 1954

1918 1930 1942 1954
N=398 N=355 N=99 N=291
Year of birth Mean (SD) Mean (SD) Mean (SD) Mean (SD) P values
Age (year) 50.5 (0.18) 50.6 (0.23) 50.7 (0.24) 50.6 (0.31)
SBP (mm Hg) 138 (21.8) 135 (20.6) 134 (20.8) 128 (17.0) <0.001*
WHR (cm/cm) 0.75 (0.05) 0.81 (0.07) 0.81 (0.07) 0.83 (0.07) <0.001*
BMI (kg/m?) 24.8 (3.81) 24.7 (4.04) 25.0 (4.01) 24.8 (4.22) 0.83*
SEPT n (%)
| 48 (12.5) 30 (9.9) 8(8.2) 96 (33.8) <0.001%
Il 165 (42.9) 156 (51.3) 58 (59.8) 97 (34.2)
11l 172 (44.7) 118 (38.8) 31 (32.0) 91 (32.0)
Smoking n (%) 148 (37.2) 145 (40.8) 34 (34.3) 67 (23.9) <0.001%
Phys. Act§ n (%) 326 (82.1) 241 (67.9) 78 (78.8) 239 (83.3) <0.001%
Blood glucose (mmol/L) 4.2 (0.93) 4.1 (0.46) 4.3 (0.89) 4.8 (0.62) <0.001*
Serum cholesterol (mmol/L) 7.2 (1.09) 6.5 (1.14) 5.8 (0.98) 5.3 (1.01) <0.001~
Serum triglycerides (mmol/L) 1.3 (0.58) 1.2 (0.58) 1.2 (0.60) 1.0 (0.54) <0.001*

P<0.05 indicates significant difference between cohorts.

*Test of linear association.

TSEP=socioeconomic position level I-lI-lIl.

1y test

§Phys. Act=physically active >4 hours/week.

BMI, body mass index; SBP, systolic blood pressure; WHR, waist-hip rati

0.
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Table 4 Serum triglycerides (S-Tg) and serum cholesterol (S-Chol) as continuous variables and risk of heart failure in women

in the cohorts born in 1918, 1930, 1942 and 1954

Year of birth Year of examination HR Cl P value
1918 1968-1969

S-Tg 1.8 1.16 to 2.80 <0.01
S-Chol 0.9 0.77 to 1.15 0.56
1930 1980-1981

S-Tg 1.4 0.84 to 2.36 0.20
S-Chol 1.0 0.72 to 1.41 0.96
1942 1992-1993

S-Tg 1.8 0.52 to 6.46 0.35
S-Chol 1.5 0.60 to 3.68 0.40
1954 2004-2005 NAT

Totalt 1968, 1980

S-Tg 1.5 1.10 to 2.05 0.01
S-Chol 1.0 0.89to 1.23 0.57
Total§ 1968, 1980, 1992

S-Tg 1.49 1.10 to 2.03 0.01
S-Chol 1.0 0.89to 1.22 0.61

Adjusted for age, body mass index, smoking and physical activity. Bold figures statistically significant, p<0.05.

*Only four events.
tZero events.

FCombined analyses for the cohorts examined in 1968-1969 and 1980-1981 together.
§Combined analyses of the cohorts examined in 1968-1969, 1980-1981 and 1992-1993 together.

NA, not applicable.

cohort, for example, women 50 years old in the exam-
ination 1968-1969, analyses of serum triglycerides as a
continuous variable, adjusted for smoking, BMI, phys-
ical activity and age, showed an independent associa-
tion between the level of serum triglycerides and heart
failure and a significantly higher risk of developing heart
failure (HR 1.8; CI 1.16 to 2.80, for each increment of
1.0mmol/L of serum triglycerides), whereas there was
no significant association between serum cholesterol and
the risk of heart failure (HR 0.9; CI 0.77 to 1.15). In the
cohort of 50-year-old women examined in 1980 and 1992,
there was no significant association between either serum
triglycerides or serum cholesterol, adjusted for smoking
and BMI, physical activity and age, on the risk of heart
failure (table 4).

Kaplan-Meier survival plots for the examinations 1968
and 1980 showed estimated higher mortality over time in
women with serum triglycerides >2.0mmol/L, which was
not seen in women with serum cholesterol >6.8 mmol/L

(figure 1).

DISCUSSION

We aimed to examine the association between serum
triglycerides and serum cholesterol and the risk of devel-
oping heart failure in healthy women as the question has
not been thoroughly investigated. In the present study, we
could longitudinally follow three cohorts of 50-year-old

women; the earliest cohort was followed for 44 years and
the latest cohort was followed for 20 years. There was a
significant association between fasting serum triglyceride
values at baseline at the age of 50 and later heart failure,
but not for serum cholesterol, when analysing all three
cohorts together, as well as when analysing the cohort
born in 1918 separately.

A strength of the study is the high participation rate
and representativeness of the women. Another strength
is the long follow-up time (44 years for the cohort born in
1918), which is an essential requirement for heart failure
studies.

There are limitations of the study, and one of them is
the fairly small number of women in each cohort. Never-
theless, we found that serum triglycerides were signifi-
cantly and independently associated with a higher risk of
heart failure development over time.

An additional limitation is that more advanced analyses
of lipids such as s-HDL-cholesterol, serum low-density
lipoprotein cholesterol (s-LDL-cholesterol) or apolipo-
protein were not available at the time.

Earlier studies showed that low levels of total choles-
terol and triglycerides predicted a worse prognosis than
high levels in patients with established heart failure.'* **
One explanation for this may be that lower levels of s-tri-
glycerides and s-cholesterol may be an expression for a
more advanced stage of heart failure or a malnourished
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Figure 1 Estimated cumulative survival by Kaplan-Meier

survival plot of the women in the examinations 1968 and
1980 with a cut-off level of serum triglycerides at 2.0 mmol/L,
and a cut-off level of serum cholesterol at 6.8 mmol/L. Chol,
cholesterol; tg, triglycerides.

patient, as in cardiac cachexia, who is more likely to have
a worse prognosis compared with healthier individuals.
It has also been proposed that high levels of cholesterol
in chronic heart failure are beneficial because of the
capacity of circulating cholesterol-rich lipoproteins to
bind and inactivate endotoxin which otherwise is a very
strong stimulator for the release of inflammatory cyto-
kines from circulating immune competent cells and may
cause substantial immune activation in patients with
heart failure.” A low serum triglyceride level (<150mg/
dL, <1.7mmol/L) was an independent predictor of
cardiovascular death in women but not in men with
chronic heart failure.”® These studies were conducted on
patients already diagnosed with heart failure, but there
is a possibility that these findings do not apply to individ-
uals without heart failure. On the contrary, in our study,
it appears that high serum triglycerides, but not serum
cholesterol, increase the risk of future heart failure,
which is in accordance with another prospective observa-
tional study based on two population studies in Denmark
showing thatstepwise higher concentrations of non-fasting

serum triglycerides were related to increased risk of heart
failure, whereas high levels of LDL-cholesterol did not
affect the risk of heart failure.”” Increased levels of s-LDL-
cholesterol are a known very strong factor for develop-
ment of atherosclerotic coronary heart disease, which
in young middle-aged men more often than in young
middle-aged women, lead to obstructive coronary artery
disease,” often proceeding to acute coronary syndrome
with myocardial infarction resulting in heart failure with
reduced ejection fraction. Lowering LDL-cholesterol has
proven beneficial for reducing major cardiac coronary
events in both men and women. A meta-analysis of 27
trials of statin therapy reported equal proportional reduc-
tion for men and women in major coronary events (non-
fatal myocardial infarction or coronary death) for each
reduction of 1.0mmol/L in LDI-cholesterol.?’ However,
women with acute coronary syndrome more often than
men present with non-obstructive coronary artery disease
and more prevalently with coronary microvascular
disease.”™ Coronary microvascular disease is closely
related to systemic low-grade inflammation which in turn
is closely linked to heart failure with preserved ejection
fraction, which is the most predominant phenotype of
heart failure in women.” ™ Patients with familial hyper-
cholesterolaemia have high levels of LDL-cholesterol
and an increased risk of coronary artery disease. One
study reported that in this group of patients there was an
increased risk of heart failure in both men and women
and most of the patients had coronary artery disease and
nearly 40% had suffered from myocardial infarction.
One hypothesis may be that LDL-cholesterol predomi-
nantly causes epicardial artery dysfunction and promotes
atherosclerosis in larger coronary arteries, but does not
affect the microvascular coronary circulation to the same
extent.”” On the other hand, serum triglycerides are asso-
ciated with inflammation,”™ and may thereby affect coro-
nary microvascular circulation and thus influence the
risk of heart failure as well as contribute to the epicar-
dial atherosclerotic process. High levels of triglycerides
are also associated with overweight/obesity and diabetes
which are known risk factors for ischaemic heart disease
and myocardial infarction frequently leading to heart
failure with reduced ejection fraction. Our study showed
that increasing levels of fasting serum triglycerides were
significantly associated with increased risk of developing
heart failure in the women in the oldest cohort. We could
not show an increased risk of heart failure in the younger
cohort, which may reflect the different follow-up times
for the both cohorts, and possibly the slightly smaller
sample size for the younger cohort and also differences
in baseline between the cohorts. We could not show any
significant association between serum cholesterol and
the risk of later heart failure in any of the cohorts sepa-
rately. When the three cohorts were analysed together,
the results remained strong, showing significant asso-
ciation between serum triglycerides and increased risk
of heart failure, but no significant association between
serum cholesterol and future heart failure. In the light
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of these results, it is encouraging that there are evidence
of secular trends showing lower levels of triglycerides in
38-year-old and 50-year-old women over time in Sweden.”’

However, the lack of any significant association whatso-
ever between serum cholesterol level and future risk of
heart failure in 50-year-old women with a follow-up dura-
tion of at least 20 years should merit careful consideration
and re-evaluation of indications for cholesterol reducing
drugs as heart failure risk factor primary prevention treat-
ment for young and middle-aged women. Heart failure
and stroke are the predominant cardiovascular diseases
in women, in contrast to men, where myocardial infarc-
tion is predominant.

CONCLUSIONS

High serum triglycerides but not serum cholesterol in
50-year-old women are associated with increased risk
of later heart failure and may thus be considered a risk
marker for later development of heart failure. Support of
lifestyle changes should be the initial heart failure preven-
tive approach.
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