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ABSTRACT

Objective: To longitudinally evaluate the impact of change in physical activity or change in
body mass index (BMI) over time on the risk of developing heart failure (HF) in women without
a previous diagnosis of HF.

Design and setting: Longitudinal, observational, prospective study of women in Gothenburg,
Sweden. Data on BMI and level of physical activity were collected from examinations 1968-1992
and hospital diagnoses and mortality data were ascertained from 1980 to 2012.

Subjects: Data were obtained from 1749 women included in the Prospective Population Study
of Women in Gothenburg.

Main outcome measures: Hazard ratio (HR) for HF was calculated, using a Cox regres-
sion model.

Results: Women with stable high physical activity during 1968-1980 and 1980-1992 reduced
their risk of subsequent HF compared to the non-active women (for 1968-1980 HR 0.66, 95%
Confidence Interval (Cl) 0.44-0.99 and for 1980-1992HR 0.47, 95% Cl 0.29-0.74). Women with
increasing levels of physical activity during 1980-1992 reduced their risk of HF compared to the
non-active women (HR 0.40, 95% Cl 0.22-0.72). Increase in BMI from overweight to obesity dur-
ing 1968-1980 predicted increased risk of developing HF (HR 1.93, 95% Cl 1.18-3.14).
Conclusions: Reduced risk of future HF in healthy women may be achieved by remaining phys-
ically active from young middle age and throughout life or by increasing the level of physical
activity. This is particularly important for sedentary women in middle age. The role of physical
activity in preventing the development of obesity must be taken into account.
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KEY POINTS

e A sedentary lifestyle and obesity are risk factors for developing heart failure (HF) in women.

e The risk of developing HF may be reduced by increasing the level of activity in sedentary
middle-aged women.

e For younger women, avoiding obesity is most important to reduce the risk of later HF.

e Primary care has a key role in guiding women towards the most effective lifestyle changes to
prevent development of HF.

Introduction hospitalization [7] and on national economy [8], thus

Heart failure (HF) is a severe and progressive condition
with poor prognosis [1]. In high-income countries, the
prevalence of HF is ~2% [2]. In 2008, the prevalence
of HF in the United States was 24% [3]. The
Rotterdam study showed an overall HF prevalence of
3.9% [4]. A recent Swedish study found a prevalence
of 2.2% in the Stockholm area [5]. The HF prevalence
increases with age, up to 8.4% for those aged 75 years
or older [6]. HF imposes a great burden on

emphasizing the importance of the condition.

Obesity is a risk factor for HF [9] and causality has
been established [10]. For women, this has recently
been shown to be especially the case regarding
obesity present from younger and middle age [11].
A meta-analysis gives evidence that a sedentary life-
style is a major risk factor for later HF [12], and today
a large number of people live a sedentary life.
According to the validated Saltine-Grimby scale, a
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sedentary lifestyle is defined as less than four hours
per week of light physical activity. The risk of develop-
ing HF has been shown to be reduced in women who
are physically active [13].

In 2019, the Public Health Agency of Sweden
reported an increase in obesity frequency in the popu-
lation during 2006 to 2018 from 5% to 7% and from
6% to 10%, respectively, for Swedish women and men
aged 16-29years, and from 11% to 14% for both
women and men aged 30-44 years [14]. Physical activ-
ity in a Swedish middle-aged female population
showed an increase between 1980 and 2004 accord-
ing to a cohort study [15].

Women are not always adequately represented in
HF studies. Investigators may not pose the questions or
study the variables relevant to women's cardiac health
due to the history of focusing on male cardiac disease.
When echocardiography is performed, more women
than men tend to have preserved left ventricular sys-
tolic function [16], commonly because at middle age,
more men than women are prone to suffer from coron-
ary heart disease that is closely linked to reduced left
ventricular systolic function. In the early stages of obes-
ity in women, without any other pathological condi-
tions, subclinical left ventricular diastolic dysfunction is
present and correlates with body mass index (BMI) [17].

However, many studies describe an obesity paradox
[18], in which overweight and obese patients with
established HF have lower mortality than lean patients
with HF. It has also been shown that in HF patients
with a high cardiorespiratory fitness (CRF), survival was
very good regardless of BMI; thus the obesity paradox
was not present [19]. Exercise training in women with
HF reduced the risk of all-cause mortality or hospital-
ization compared to women with HF and no exercise
training [20]. The level of CRF, determined as meta-
bolic equivalent, is shown to be important as high
CRF level resulted in lower risk of all-cause mortality in
women independently of BMI [21], but whether this is
true also for the risk of developing HF in women is
not thoroughly investigated.

HF with preserved left ventricular systolic function
is more common in women, and according to the
2016 European Society of Cardiology (ESC) Guidelines
for the diagnosis and treatment of acute and chronic
HF, there is yet no medical treatment available proven
to reduce mortality in this group of HF patients [22].
Thus, prevention of the condition becomes highly
important, implicating the need for a focus on pre-
ventable risk factors.

Currently, there are no studies addressing the
impact of change in physical activity or change in BMI
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overtime on the risk of developing HF in healthy
women with no previous diagnosis of HF. We there-
fore, investigated the possible impact on HF risk by a
change in BMI or physical activity, as a guide in pri-
mary prevention, to focus on effective means to pre-
vent the development of HF in women.

We hypothesized that an increase in physical activ-
ity or a decrease in BMI in without a diagnosis of HF
would reduce the risk of developing HF later in life.

The aim was to longitudinally investigate the
impact of change in physical activity or change in BMI
on the risk of later developing HF in women without a
previous diagnosis of HF.

Methods
Study population

Our study population for this report includes 1749
women, originating from the Prospective Population
Study of Women in Gothenburg (PPSWG). The women
were recruited from the Swedish Population Register
based on birth dates and were representative of the
female population in Gothenburg in those age groups.

The PPSWG was initiated in 1968-1969 with a
cross-sectional examination of 1462 women aged 38,
46, 50, 54 and 60years. The overall participation rate
was 90.1%. All the women were then followed longitu-
dinally [23].

In 1980-1981, a follow-up examination was per-
formed, and two additional groups aged 26 and 38
were included. Also to improve representativeness,
women born in 1930 outside Gothenburg, but
who had moved into the study area and who fulfilled
the inclusion criteria, were invited to the examination
1980-1981. They were then aged 50years.
Participation rate in 1980-1981 was 79% of those ori-
ginally born in 1908-1930 (Table 1) [24].

In 1992-1993, another follow-up examination took
place, with a participation rate of 57.2% of the original
1462 participants in 1968-1969. 33 women, 70 years
old, who fulfilled the inclusion criteria and who had
moved into the region were added to ensure repre-
sentativeness. Because 280 (19.2%) had died before
the 24-year follow up 1992-1993, the participation
rate corresponded to 70.2% of those who had partici-
pated in 1968-1969 and who were alive in
1992-1993 [25].

In order to perform the examinations at the time of
the women’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 sim-
plification purposes, the examination year 1968-1969
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Table 1. Examinations and participation rates of women born
in 1908, 1914, 1918, 1922 and 1930 examined in 1968, 1980
and 1992, and women born in 1942 and 1954 examined in
1980 and 1992.

1968 1980 1992
examination examination examination

Year of
birth Age n % Age n % Age n %
1954 - - - 26 85 66° 38 69 72°
1942 - - - 38 122 858 50 99 76°
1930 38 372 91° 50 355 83¢ 62 275 67¢
1922 46 431 90 58 332 774 70 303 63
1918 50 398 91° 62 325 824 74 213 549
1914 54 180 89° 66 140 78¢ 78 79 44¢
1908 60 81 84 72 49 60¢ 84 19 23¢

Total 38-60 1462 90° 26-72 1408 79°

0f those sampled in 1980-1981.

POf those participating in 1980-1981.

“Of those initially invited.

dOf the original women in each age group who participated in the exam-
ination 1968-1969.

€Of the women born in 1908-1930 who participated in 1968-1969.

is indicated as 1968, 1980-1981 as 1980, etc. Women
26 years old were classified as young, 38-60 as mid-
dle aged.

Methodology

Participants underwent similar procedures at baseline
and at all of the follow-up examinations. The examina-
tions included documentation of socio-economic sta-
tus based on years of education, marital status and
occupation of the woman/husband according to
Carlsson’s occupational system [26]. Lifestyle-related
exposures such as smoking, alcohol habits and usual
level of physical activity were registered. Information
concerning medical history, prescription drug use and
family history of diseases was collected.

All examinations included body weight, body
height, BMI (calculated as weight in kilograms divided
by height in meters squared), waist circumference, hip
circumference, waist-hip ratio and blood pressure
measurements. Body weight was measured to the
nearest 0.1 kg using a balance scale, and body height
was measured without shoes, in meters to the nearest
0.01 m. Blood samples were drawn, and a urinary sam-
ple was collected in the morning. The women were
asked not to eat during the preceding night, although
they were allowed to drink water. Levels of total s-
cholesterol, s-triglycerides and b-glucose were ana-
lysed according to standard methods of the laboratory
of the Sahlgrenska University Hospital, Gothenburg. A
standardized protocol was used for general physical
examinations at all surveys and systolic and diastolic
blood pressure measurement was conducted using a

mercury manometer, cuff width 12 cm. Blood pressure
was measured to the nearest 2mm Hg in the sitting
position after 5min rest. A standard 12-lead ECG
was taken.

For this particular study, we included only women
without any previous history, sign or diagnosis of HF
prior to 1968.

Definition of risk factors

Physical activity was assessed as reported leisure-time
physical activity, categorized as follows: non-active
(inactive or almost inactive), and active (at least 4h
per week walking, bicycling, gardening, running, danc-
ing, playing golf, tennis or similar activities during the
last year, or regular intense training several times per
week), according to the validated Saltin-Grimby phys-
ical activity level scale [27]. The four-level scale was
dichotomized into these two categories because sed-
entary activity is currently an important lifestyle issue
and is shown to be a risk factor for HF [12]. Changes
over time in this measure have previously been shown
to be associated with total mortality in this
cohort [28].

Overweight was classified as 25 <BMI < 30 and
obesity was classified as BMI > 30, in accordance with
WHO classification [29]. All other subjects were catego-
rized as non-overweight.

Classification of diagnoses

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

Follow up data

Hospital care diagnoses and mortality data were con-
tinually registered over 32 years, 1980-2012. Data from
the Swedish Hospital Discharge Registry (NPR) have
been available since 1980, including data about all dis-
charge diagnoses from Swedish hospitals. Ingelsson
et al. [30] showed that as a primary discharge diagno-
sis from Swedish hospitals, the diagnostic accuracy of
HF according to the European Society of Cardiology
definition was 82-95%. Mortality data were obtained
from the Swedish National Board of Health and
Welfare register of causes of death from 1 January
1980 to 31 December 2012. The cardiovascular disease
risk time was calculated from the day the diagnosis
was registered.



Statistical analyses

The endpoint was HF expressed as Hazard Ratio (HR).
Covariates were changes in BMI and changes in phys-
ical activity. All women were classified into groups of
BMI (non-overweight: BMI < 25, overweight: 25 <BMI
<30 and obese: BMI > 30), and level of physical activ-
ity: non-active (inactive or almost inactive) and active
(moderate or high activity). Changes in physical activ-
ity and changes in BMI were calculated over time. Cox
regression model was used to evaluate the effect of
belonging to the different BMI-change and activity-
change categories. To examine the assumption of pro-
portional hazard, tests of Schoenfeld residuals were
calculated for the total model. In the case of signifi-
cant result from this test, the follow-up was divided
into two periods, the first decade and the second dec-
ade and separate effect was reported.

Examinations and participation rates are shown in
Table 1.

Results

Incidence and risk time for analysis of incidence of HF
for the two groups 1968-2012 and 1980-2012 is
shown in Table 2. Kaplan-Meier survival plots of HF,
BMI, change in BMI, level of physical activity and
change in physical activity are shown in Figure 1. For
analysis of incidence and risk time (Kaplan-Meier plot)
the women born in 1942 and 1954 were excluded
from the analysis because of short follow-up time.

Periods 1968-1980 and 1980-1992

Baseline characteristics are shown in Table 3. Mean
age at baseline in the examinations 1968 to 1980 for
overweight and obese women was 48years (SD
6years) and 49years (SD 6years) respectively, and in
the examinations 1980 to 1992 for overweight and
obese women, mean age at baseline was 58 years (SD
8years for overweight women, SD 9years for obese
women); thus the women in the examination period
1980-1992 were on the average 10 years older than
the women in the examination period 1968-1980. The
mean age of the women with overweight or obesity
was consistently higher than the rest of the sample
(Table 3). The development of BMI could be followed
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in 1132 women who participated in examinations
both in 1968 and 1980, and 932 women could be fol-
lowed from 1980 to 1992. For development of physical
activity, 1132 women who participated both in 1968
and 1980, and 932 women in 1980 and 1992, could
be followed during these respective follow-up periods
(Table 4).

Observations from 1968 to 1980

From 1968 to 1980, BMI could be followed in 1132
women, of whom 271 (23.9%) developed HF by 2012.
The majority, 769 women (67.9%) in the 1968 examin-
ation and 611 women (54.0%) in the 1980 examin-
ation, were classified as non-overweight at respective
examinations, whereas 289 women (25.5%) in 1968
and 404 women (35.7%) in 1980 were overweight at
respective examinations. A smaller proportion, 74
women (6.5%) in 1968 and 117 women (10.3%) in
1980, were obese at respective examinations. Overall,
there was a small shift towards a higher BMI in 1980
(Table 4).

For the 59 women (5.2%), who increased their BMI
from overweight to obesity between 1968 and 1980,
the risk of future HF increased significantly with a HR
of 1.93 (95% Cl 1.18-3.14), compared to the reference
group with BMI <25, both in 1968 and 1980 (Table 5).

For the 18 women (1.6%) who decreased their BMI
from obesity to overweight and for the 54 women
(4.8%) who remained obese between 1968 and 1980,
there was no significant association with risk of future
HF, compared to the reference group whose BMI
remained <25 (Table 5). Only two women decreased
their BMI from obesity to non-overweight.

Level of physical activity could be followed in 1132
women participating in examinations both in 1968
and 1980, and 271 women (23.9%) developed HF by
2012. In 1968, there were 194 women (17.1%) who
were non-active, and in 1980, there were 328 women
(29.0%) who were non-active. Overall, more women
became less active during the time period (Table 4).

Ninety-two women (8.1%) increased their level of
activity, and 226 women (20.0%) decreased their activ-
ity level between 1968 and 1980, but neither of these
groups showed a significant change in the risk of later
developing HF. The 712 women (62.9%) who remained
active during the time period had a reduced risk of

Table 2. Incidence and risk time analysis of incidence of HF 1968-2012 and 1980-2012.

Period N Cases Risk years Risk per 1000 years 95% Cl Risk per 1000 years Mean age in risk time Age range
1968-2012 1132 271 26,111 10.4 9.2-11.7 71.2 50.3-98.8
1980-2012 773 174 11,254 155 13.2-17.9 774 62.4-98.8

Women born in 1942 and 1954 were excluded.
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Figure 1. Kaplan-Meier survival plots for HF and change in BMI, level of physical activity and change in physical activity
1968-1980 and 1980-1992. (a,b) Change in BMI, 1968-1980 and 1980-1992. (c,d) Level of physical activity and change in physical

activity 1968-1980 and 1980-1992.

developing HF of HR equal to 0.66 (95% Cl 0.44-0.99)
(Table 5).

Observations from 1980 to 1992

BMI could be followed in 932 women from 1980 to
1992, of whom 187 women (20.1%) later developed
HF. Between 1980 and 1992, there was an overall
decrease in the number of women who were non-
overweight, from 571 (61.3%) in 1980 to 446 (47.9%)
in 1992, a small increase in the number of women
who were overweight, from 287 (30.8%) to 327
(35.1%), and also an increase in the number of women

who were obese, from 74 women (7.9%) in 1980 to
159 women (17.1%) in 1992 (Table 4).

Eighty-seven women (9.3%) increased their BMI
from overweight to obesity between 1980 and 1992,
and 12 women (1.3%) decreased their BMI from obes-
ity to overweight, but neither an increase nor a
decrease in BMI for these women showed any signifi-
cant change in the risk of HF development later in life.
Only two women decreased their BMI from obesity to
non-overweight. Also, there was no significant associ-
ation with future HF for the women who remained
obese throughout 1980 to 1992, compared with
women whose BMI remained <25 during the same
time period (Table 5).
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Table 3. Baseline characteristics for women participating in examinations 1968, 1980 and 1992.

1968 1980 1992
BMI BMI BMI
<25, 25-<30, >30, <25, 25-<30, >30, <25, 25-<30, >30,
N=817,m% N=310,m? N=82, m® N=826, m?, N=445 m? N=135 m? N=483, m?° N=366 m?, N=180, m’
(SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD)
Age (years) 46 (6) 48 (6) 49 (6) 53 (12) 58 (8) 58 (9) 64 (12) 66 (10) 68 (8)
SBP (mmHg) 129 (19) 136 (20) 148 (27) 136 (24) 146 (23) 151 (24) 145 (27) 153 (23) 160 (23)
DBP (mmHg) 83 (10) 87 (10) 94 (13) (11) 90 (10) 94 (9) 79 (11) 84 (11) 87 (10)
B-Glucose (mmol/l) 4.1 (0.7) 4.2 (0.8) 4.5 (0.8) 4.1 (1.1) 44 (1.1) 49 (1.7) 44 (1.0 47 (1.4) 5.1(1.2)
Cholesterol (mmol/l) 6.8 (1.3) 6.9 (1.0) 73(1.2) 6.8 (1.3) 7.0 (1.4) 6.8 (1.3) 6.1 (1.2) 6.3 (1.1) 6.3 (1.1)
Triglycerides (mmol/l) 1.1 (0.6) 1.3 (0.5) 1.5 (0.6) 1.2 (0.6) 1.5 (0.8) 1.6 (0.7) 1.2 (0.6) 1.5 (0.8) 1.8 (0.8)
(%) (%) (%) (%) (%) (%) (%) (%) (%)
Physical Activity: Non-active 16 21 21 27 29 42 18 21 28
Smokers® 44 33 24 39 28 22 24 20 14
Alcohol® 56 47 35 45 32 29 52 51 38

?Mean value.
PWomen who smoked or had stopped smoking during the previous year.
“More than once a month.

Table 4. Distribution of BMI categories, change in BMI, physical activity levels, change in physical activity levels
and cases of HF for women participating in the examinations 1968-1980 and 1980-1992.

1968-1980, n=1132

1980-1992, n =932

BMI 1968 1980 1980 1992
BMI <25, n (%) 769 (67.9) 611 (54.0) 571 (61.3) 446 (47.9)
<25 BMI <30, n (%) 289° (25.5) 404° (35.7) 287° (30.8) 327 (35.1)
BMI >30, n (%) 74 (6.5) 117° (10.3) 74° (7.9) 159° (17.1)

BMI change 1968-1980, n = 1132 1980-1992, n =932
BMI increase from <25 BMI <30 to BMI >30, n (%) 59 (5.2) 87 (9.3)
BMI decrease from BMI >30 to <25 BMI <30, n (%) 18 (1.6) 12 (1.3)
No change; <25 BMI <30 197 (17.4) 168 (18.0)
No change; BMI >30, n (%) 54 (4.8) 60 (6.4)
Cases of HF, n (%) 271 (23.9) 187 (20.1)

Physical activity

1968-1980, n= 1132

1980-1992, n =932

1968 1980 1980 1992

Non-active, n (%) 194 (17.1) 328 (29.0) 255 (27.4) 199 (21.4)
Active, n (%) 938 (82.9) 804 (71.0) 677 (72.6) 733 (78.6)
Physical activity change 1968-1980, n=1132 1980-1992, n =932
Activity increase from non-active to active, n (%) 92 (8.1) 171 (18.3)

Activity decrease from active to non-active n (%) 226 (20.0) 115 (12.3)

No change; active, n (%) 712 (62.9) 562 (60.3)

Cases of HF, n (%) 271 (23.9) 187 (20.1)

®Mean age 48 years.
PMean age 58 years.
‘Mean age 66 years.
9Mean age 49 years.
®Mean age 68 years.

Level of physical activity could be followed in 932
women participating in the examinations 1980 and
1992, and 187 women (20.1%) developed HF until
2012. A slight decrease in the number of non-active
women, from 255 (27.4%) to 199 (21.4%), was
observed between 1980 and 1992, whereas there was
a small increase in the number of active women, from
677 (72.6%) to 733 (78.6%). Overall, more women
became active during this time period (Table 4).

The 171 women (18.3%) who increased their level
of activity from non-active to active during 1980 to
1992 significantly reduced their risk of HF to HR equal
to 040 (95% Cl 0.22-0.72). Further, 562 women
(60.3%) who remained active throughout the time
period significantly reduced their risk of developing
HF later in life, HR 0.47 (95% Cl 0.29-0.74). A decrease
in activity level did not significantly alter the risk for
HF (Table 5).
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Table 5. Hazard ratios for HF and change in physical activity and BMI, adjusted for age.

HR p Value 95 % Cl

Change in BMI between 1968 and 1980
Increase in BMI from normal to overweight 1.26 0.17 0.90-1.76
Increase in BMI from overweight to obese 1.93 0.008 1.18-3.14
Decrease in BMI from obese to overweight 0.49 0.32 0.12-2.00
Decrease in BMI from overweight to non-overweight 1.30 0.45 0.66-2.59
No change; obese both in 1968 and in 1980 1.21 0.46 0.73-1.99
No change; overweight both in 1968 and in 1980 1.26 0.18 0.90-1.72
BMI <25 in 1968 and 1980 (reference group) 1.00

Change in BMI between 1980 and 1992
Increase in BMI from normal to overweight 1.07 0.78 0.67-1.70
Increase in BMI from overweight to obese 1.10 0.71 0.66-1.85
Decrease in BMI from obese to overweight 147 0.59 0.36-6.07
Decrease in BMI from overweight to non-overweight 1.62 0.20 0.77-3.42
No change; obese both in 1980 and in 1992 1.27 0.41 0.72-2.21
No change; overweight both in 1980 and in 1992 1.01 0.96 0.66-1.54
BMI <25 in 1980 and 1992 (reference group) 1.00

Change in physical activity between 1968 and 1980
Increase from non-active to active 0.71 0.26 0.40-1.28
Decrease from active to non-active 0.71 0.15 0.44-1.13
No change; active both in 1968 and in 1980 0.66 0.04 0.44-0.99
Non-active in 1968 and 1980 (reference group) 1.00

Change in physical activity between 1980 and 1992
Increase from non-active to active 0.40 0.002 0.22-0.72
Decrease from active to non-active 0.73 0.28 0.41-1.29
No change; active both in 1980 and in 1992 0.47 0.001 0.29-0.74
Non-active in 1980 and 1992 (reference group) 1.00

Reference groups: BMI < 25, 1968-1980 and 1980-1992; non-active, 1968-1980 and 1980-1992.
Bold figures: statistically significant, level of significance p <0.05.

We also performed a complementary analysis
where we excluded women who were diagnosed with
myocardial infarction before they were diagnosed with
HF, which did not substantially affect the results.
However, results concerning physical activity were
strengthened in the period 1968-1980 and indicated
significantly reduced risk for those women who were
physically active, especially in younger ages. In a
second complementary analysis, we excluded women
who suffered a myocardial infarction prior to their HF
diagnosis and also adjusted for s-triglycerides, s-chol-
esterol, smoking and hypertension. In this analysis, we
still reached significantly lower risk for HF in the
younger women who were continuously active,
whereas for the older women there was still a reduced
risk, though not significant, for the continuously active
women and for the women who increased their activ-
ity. The most important confounding factor for both
groups was smoking.

Discussion

In this study, we followed healthy women from the
PPSWG taking part in the examinations 1968, 1980
and 1992 with regard to change in BMI or change in
levels of physical activity during that period and the
risk of later in life developing HF. The mean age for
overweight and obese women in the examinations

1980 t01992 was 58 years, and the mean age for over-
weight and obese women in the examinations 1968
t01980 were 48 and 49years, respectively. That is,
women in the 1980 t01992 examinations were on the
average 10 years older than the women in the 1968
to 1980 examinations. Thus, with regard to the risk of
developing HF later in life, it seems that gaining
weight in early middle age is more harmful than gain-
ing weight later in life, which is consistent with the
results in our earlier study on obesity and risk of HF in
women [11]. On the other hand, we could not show
significant impact of the risk on future HF with weight
reduction from obese to overweight in young middle-
aged women, which could be an effect of the rela-
tively small number of women in this category. As for
the women in later middle age, although our results
were not significant, they suggest that a reduction in
BMI from overweight to normal weight may increase
the risk of future HF and raise the question of whether
overweight in later middle-aged women is protective
of the development of HF compared to women of
normal weight. This could mimic the obesity paradox
where a normal BMI in HF patients resulted in higher
mortality compared to HF patients with overweight or
obesity, but for HF patients with high CRF, survival
was very good regardless of BMI. With regard to the
development of HF, one could thus argue that it may
be preferable for late middle-aged women to focus on



fitness instead of weight reduction. Using only BMI for
prediction of health outcome may be misleading
unless CRF is taken into consideration according to
one study on women [21], where the authors showed
an almost linear relationship between BMI and moder-
ate or high level of fitness. Around 90% of women
with BMI 18.5-21 had a moderate or high level of
CRF, whereas around 50% of women with BMI
31.1-33.0 and only 20% of women with BMI >37 had
a moderate or high CRF, thus indicating that BMI may
be a marker of fitness. Yet all-cause mortality was
lower among the women with moderate or high CRF
regardless of BMI, which could be parallel to our
results in later middle-aged women, showing that a
change in BMI per se does not affect the risk of devel-
oping HF, but rather that the level of physical activity
or a change in the physical activity level is of
greater importance.

Our study showed that staying physically active sig-
nificantly reduced the risk of HF in women, both in
the observations 1968 to 1980 and in the observations
1980 t01992. We also found that women who
increased their level of physical activity from non-
active to active among those participating 1980 to
1992 significantly reduced their risk of developing HF
later in life. For the women examined between 1968
and 1980, there was no significant change in risk of
HF despite an increase in physical activity from non-
active to active. However, this could be an effect of
the low number of women in this category. It may
also be an effect of possible differences in fitness as
well as age at baseline among the cohorts. There was
no significant change in risk of HF in women with a
decrease in physical activity from active to non-active.

When taking other confounding factors into consid-
eration and excluding women who suffered a myocar-
dial infarction prior to the HF diagnosis, the strong
effect of physical activity in reducing the risk for later
HF still remained in the younger group, which again
emphasizes the importance of being active in younger
ages. Also, the significantly higher risk for future HF
remained among those women who increased their
BMI from overweight to obese in the younger group.
Adjusting for s-triglycerides, s-cholesterol, smoking
and hypertension in this analysis did not affect the
results concerning physical activity to any major
extent. As for the older women, the association
between high or increased level of physical activity
and significantly reduced risk for later HF remained
strong and robust when we excluded the women with
a myocardial infarction prior to HF. When also adjust-
ing for s-triglycerides, s-cholesterol, smoking and
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hypertension, the effect of physical activity was weak-
ened, and the most important confounding factor was
smoking. The smaller effect could be a result of the
relatively small size of the sample, with insufficient
power for performing sub-analyses. It may also be a
result of the severely harmful effect of long-term
smoking on the cardiovascular system that cannot be
sufficiently reversed by the positive effect of phys-
ical activity.

A strength of this study is the prospective design
and long observation time, 44years for the women
participating in the examinations 1968 to1980, and
32years for the women participating in the examina-
tions 1980 t01992. Another strength is the generally
high participation rate and population-based sam-
pling, which enable us to generalize our results to the
female population of those ages. However the study is
not without limitations including the fact that few
women reduced their BMI, and few women increased
their level of activity in the group examined in 1968
to 1980. This may explain the non-significant out-
comes for these categories.

Being overweight or obese is a well-known risk fac-
tor for cardiovascular disease. Having normal weight,
i.e. BMI < 25 in younger years and young middle age,
greatly reduces the risk of developing cardiovascular
diseases; the same is true for individuals having a high
level of physical activity. Physical activity is now an
obvious part of the treatment for patients suffering
from HF and cardiovascular disease and is recom-
mended in the European guidelines for treatment of
HF and cardiovascular disease [22]. Yet, the obesity
paradox implicates that when patients with estab-
lished HF show reduction of BMI, they are at higher
risk of premature death [18]. However, the possible
impact on risk for later HF by a change in BMI or
change in physical activity in overweight or obese but
otherwise healthy women has not been thoroughly
studied, which was the aim of this study where we
show that lifestyle changes and preventive actions are
very important to reduce the risk of future develop-
ment of HF in women. We also show that the effect of
change in various preventive actions and lifestyle may
differ between women of different ages.

Conclusions

Reduced risk of future HF in healthy women may be
achieved by remaining physically active from young
middle age and throughout life or by increasing the
level of physical activity. Increasing the level of phys-
ical activity is particularly important for sedentary
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women in middle age. The role of physical activity in
preventing the development of obesity must be taken
into account.
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