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Aims Obesity is associated with increased risk for heart failure. We analysed data from the Swedish Obese Subjects
(SOS) study, a prospective matched cohort study, to investigate whether bariatric surgery reduces this risk.
Methods From the total SOS population (n=4047), we identified 4033 obese individuals with no history of heart failure at

and results baseline, of whom 2003 underwent bariatric surgery (surgery group) and 2030 received usual care (control group).
First-time principal diagnoses of heart failure were identified by crosschecking the SOS database with the Swedish
National Patient Register and the Swedish Cause of Death Register using diagnosis codes. During a median follow-up
of 22 years, first-time heart failure occurred in 188 of the participants treated with surgery and in 266 of those receiv-
ing usual care. The risk of developing heart failure was lower in the surgery group than in the control group [sub-
hazard ratio 0.65, 95% confidence interval (Cl) 0.54-0.79; P<0.001]. After pooling data from the two study groups,
the quartile of subjects with the largest weight loss after 1 year (mean -41kg) displayed the greatest risk reduction
(sub-hazard ratio 0.51, 95% CI 0.30-0.70; P <0.001). This association remained statistically significant after adjustment

for surgical intervention and potential baseline confounders (sub-hazard ratio 0.60, 95% CI 0.36-0.97; P=0.038).

Comepared with usual care, bariatric surgery was associated with reduced risk of heart failure among persons being
treated for obesity. The risk of heart failure appeared to decline in parallel with a greater degree of weight loss.

ClinicalTrials.gov NCT01479452.
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Introduction prevalence among adults is often reported to be around 2% and for

people older than 80years the occurrence is above 10%.°

Obesity, with a prevalence above 20% in many European countries’ Consequently, heart failure is responsible for a significant proportion

and above 30% in the US,? has repeatedly been shown to be associ-
ated with heart failure.>* In the Framingham cohort, people with
obesity had a twofold higher risk of developing heart failure than in
those of normal weight; for each increment of body mass index (BMI)
(the weight in kilograms divided by the square of the height in
meters) the risk of heart failure increased by 5-7%.3

Heart failure is characterized by impaired quality of life, frequent
hospitalizations, and poor outcome.” In developed countries, the

of healthcare expenditures.” Although obesity intervention can im-
prove cardiovascular risk factors® and may have beneficial effects in
patients with compromised cardiac function,” there are no large con-
trolled studies investigating the impact of weight loss on the develop-
ment of heart failure.

A clinically significant weight loss is difficult to achieve with lifestyle
interventions and the results are often temporary. In contrast, bariat-
ric surgery is an effective and safe treatment option resulting in large
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weight losses that can be maintained over time.'® The Swedish
Obese Subjects (SOS) study is an ongoing controlled intervention
trial that compares the effects of bariatric surgery and conventional
obesity care on morbidity and mortality."” The SOS study has found
that bariatric surgery, as a primary preventive strategy, reduces mor-
tality'? and cardiovascular morbidity'® in obesity. The purpose of this
report is to describe the effect of bariatric surgery on the incidence
of new-onset heart failure.

Methods

Study design

The ongoing prospective controlled SOS intervention study comparing
the effects of weight loss by bariatric surgery and conventional obesity
care has previously been described in detail.' In brief, 4047 obese partici-
pants were enrolled at 25 surgical departments and at 480 primary health
care centres between 1 September 1987 and 31 January 2001. The sur-
gery group included 2010 individuals who expressed a preference for
treatment with bariatric surgery. A matched control group of 2037 par-
ticipants was created using an automatic matching program and 18
matching variables (sex, age, weight, height, waist-hip ratio, blood pres-
sure, serum cholesterol and triglycerides, smoking, diabetes, menopause,
four psychosocial variables associated with risk for death, and personality
traits related to treatment preferences). The matching was not per-
formed on an individual basis (i.e. subject by subject); instead the matching
algorithm selected controls in such a way that the current mean values of
the matching variables in the control group moved as much as possible in
the direction of the current mean values in the surgery group.

Subjects eligible for the SOS study were aged between 37 and 60 years
and had a BMI of 34kg/m* or more for men and 38 kg/m? or more for
women. Subjects were excluded if they had a history of earlier surgery for
gastric or duodenal ulcer, earlier bariatric surgery, gastric ulcer during the
past 6 months, ongoing malignancy, active malignancy during the past
5 years, myocardial infarction during the past 6 months, bulimic eating pat-
tern, drug or alcohol abuse, psychiatric or cooperative problems contrain-
dicating bariatric surgery, or other contraindicating conditions (such as
chronic glucocorticoid or anti-inflammatory treatment). The surgical pro-
cedures used in the study were vertical banded gastroplasty (68%), gastric
banding (19%), and gastric bypass (13%). The study complied with the
Declaration of Helsinki and seven regional ethics review boards in Sweden
approved the study protocol. All participants gave written or oral consent.

The two study groups underwent identical examinations at the partici-
pating surgical departments and primary health care centres both at base-
line and during follow-up at 0.5, 1, 2, 3, 4, 6, 8, 10, 15, and 20 years. After
bariatric surgery, the recommended daily nutritional supplementation
included oral doses of multivitamin and mineral supplements, vitamin
B12, and a combination of calcium and vitamin D3. If laboratory findings
indicated deficiencies of iron or folate, a replacement therapy was intro-
duced. The matched controls received the standard nonsurgical obesity
treatment for their primary health care centres. No attempt was made to
standardize the conventional treatment, which ranged from sophisticated
lifestyle intervention and behaviour modification to, in some practices, no
treatment at all.

Body weight was measured with electronic or calibrated scales at
baseline and at regular follow-up appointments. Blood samples were ana-
lysed by the Central Laboratory at Sahlgrenska University Hospital
(accredited according to the international standard ISO 15189:2012).
Self-reported information on cardiovascular disease, medication, smok-
ing, and alcohol intake was obtained through a questionnaire adminis-
tered at baseline and during follow-up visits. Hypertension was defined as

systolic pressure >140 mmHg, or diastolic pressure > 90 mmHg, or self-
reported use of anti-hypertensive medication. Diabetes was defined as a
fasting blood glucose level of at least 6.1 mmol/L (110mg/dL) or self-
reported use of a prescribed antidiabetic medication.

Heart failure

The main outcome of the present analysis was the first-time detection of
heart failure as a principal diagnosis in the Swedish National Patient
Register or in the Swedish Cause of Death Register. The National Patient
Register has information on diagnoses for all inpatients in Sweden since
1987 and from all hospital-based outpatient visits since 2001; it does not
include information from primary care. Reporting to the National Patient
Register is mandatory for public hospitals, and since almost all of Swedish
health care is included in the national public health care system, the
coverage is 99%. The register has been shown to be a powerful tool to
study health-related outcomes in the Swedish populations' and heart
failure as a principal diagnosis was found to have a validity of 95%.'® The
Swedish Cause of Death Register includes all those who died and were
registered in Sweden at the time of death with over 99% population
coverage."” We identified a first-time principal diagnosis of heart failure
by crosschecking the SOS database with the National Patient Register
and the Cause of Death Register for the following diagnosis codes: 428
(International Classification of Diseases-9 until 1996) and 150
(International Classification of Diseases-10 from 1997).

Statistical analysis

Data are presented as mean values with standard deviations or as percen-
tages. Baseline comparisons between treatment groups used t-tests for
continuous variables and a logistic-regression model for dichotomous
variables. Participants were followed until the first-time principal diagno-
sis of heart failure, death or 31 December 2016, at which point the
National Patient Register and Cause of Death Register were complete
and the registers were linked. Calculation of the median follow-up time
was based on the reverse Kaplan—Meier method.

Persons who reported a history of heart failure at baseline were
excluded from all analyses (n = 14).

The differences in changes in BMI and in self-reported medication use
between the surgery and control groups were analysed with multilevel
mixed-effects regression models. The observations were considered
nested within the individuals, and the statistical tests and confidence inter-
vals were thus calculated controlling for the repeated measurements.
Test for treatment by time interactions were conducted to evaluate
between-group differences in changes.

Cumulative incidence of heart failure was estimated with competing-
risks regression models, in which deaths without heart failure were treated
as competing events. Persons without heart failure who emigrated, altered
their obesity intervention, withdrew their consent or were alive at the end
of follow-up were treated as censored observations.

Univariable and multivariable models were applied to obtain relative
risk estimates expressed as sub-hazard ratios. The treatment effect in the
surgery group compared with the control group was evaluated in a pri-
mary unadjusted analysis with a single covariate for treatment group (sur-
gery or control) and in a secondary analysis that was adjusted for
preselected baseline risk factors considered traditional for heart failure.

After pooling data from the two study groups, patients were divided
into quartiles of weight change occurring during the first year of follow-
up. The quartiles ranged from weight gain (Quartile 1) to the greatest
weight loss (Quartile 4). The association of weight change and heart fail-
ure risk was studied: in a primary model with Quartile 1 as reference; in a
secondary model adjusted for surgical intervention; and in a tertiary
model adjusted for surgical intervention and selected baseline
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Table | Baseline characteristics of study participants
Surgery group
(n=12003)
Age (years) 47259
Female sex (%) 70.8
Height (cm) 169 £9.1
Weight (kg) 121 £17
Body mass index (kg/m?) 424+45
Waist circumference (cm) 126 £ 11
Waist/hip ratio 0.99 £ 0.08
Systolic blood pressure (mmHg) 145 £ 19
Diastolic blood pressure (mmHg) 90+ 11
Total cholesterol (mmol/L) 5.86 +1.12
Apo B/Apo A1 ratio 0.94 £ 0.28
Blood glucose (mmol/L) 518 £2.01
Insulin (mU/L) 216 +£13.7
Creatinine (umol/L) 69.2+88
Free thyroxine (pmol/L) 15.6 £3.7
Thyroid-stimulating hormone (mlIU/L) 2.01+£2.34
Hypertension (%) 784
Diabetes (%) 17.2
Smoking (%) 25.8
Alcohol intake (g/daily) 52+73

Control group P-value
(n=2030)
487 £ 63 <0.001
712 0.781
169 +£9.2 0.655
15 +17 <0.001
401 £47 <0.001
120+ 11 <0.001
0.98 £0.07 <0.001
138 +18 <0.001
85+ 11 <0.001
5.61+1.06 <0.001
091£0.28 <0.001
493 £1.81 <0.001
180+ 113 <0.001
69.5+95 0.238
156 £3.6 0.634
204 £2.66 0.671
63.7 <0.001
12.7 <0.001
209 <0.001
53£80 0.715

Values are means + SD or %.

characteristics. Persons who had a follow-up time of <1 year (n=39) or
for whom a weight measurement at the 1-year follow-up was not avail-
able (n=371) were excluded from these analyses.

The consistency of the treatment effect with respect to the main out-
come was assessed in several subgroups defined by baseline characteristics.
Homogeneity was evaluated with test of interaction between the indicator
for treatment and baseline variables using competing-risks regression mod-
els. Continuous variables were dichotomized by a median split to illustrate
the effects, but the interaction test was based on the original continuous
variable. No adjustment for multiple testing was performed.

All statistical tests were two-tailed and P-values of <0.05 were consid-
ered statistically significant. A study flow chart is provided in
Supplementary material online, Figure SA.

Results

Baseline characteristics and changes in
weight

Of the 4047 participants in the SOS study, 14 were excluded due to
a history of heart failure at baseline, resulting in 4033 persons eligible
for the present analysis. Of these, 2003 underwent bariatric surgery
(surgery group) and 2030 were treated conventionally (control
group). Although the two study groups were fairly well balanced with
respect to baseline characteristics, BMI was higher and several cardio-
vascular risk factors were less favourable in the surgery group
(Table 1). The differences are mainly explained by disparate weight
changes occurring in the two groups during a delay between match-
ing and baseline measurements: during the waiting time for bariatric

surgery (on average more than 1 year), participants awaiting surgery
tended to gain weight and control subjects tended to lose weight.'?
Figure 1 shows changes in BMI in patients without baseline heart
failure for up to 20 years of follow-up. Bariatric surgery lowered the
mean baseline BMI of 42.4 kg/m? by 25% at Year 1, by 18% at Year 6,
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Figure | Change in body mass index in patients without baseline
heart failure during 20 years of follow-up. Bariatric surgery lowered
the mean BMI of 424 kg/m* by 25% at year 1, by 18% at year 6, by
16% at year 15, and by 16% at year 20 whereas the mean BMI of
40.1 in the control group remained largely unchanged during fol-
low-up.
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by 16% at Year 15, and by 16% at Year 20. The mean baseline BMI of
40.1kg/m? in the control group remained largely unchanged during
follow-up. The average of all between-group differences in BMI during
a 20-year follow-up was —8.0 kg/m? (95% CI -7.7 to -8.3); P < 0.001).
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Surgery 2003 1960 1926 1893 1856 1808 1750 1705 1632 1373 1094 762 408 208

Take home figure Surgical obesity treatment and the risk of
heart failure during long-term follow-up.
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Incidence of heart failure

During a median follow-up of 22 (inter-quartile range 18-24) years,
a first-time diagnosis of heart failure occurred in 188 patients in the
surgery group and in 266 patients in the control group (Take home
figure). Thus, patients treated with bariatric surgery had a 35% lower
risk for being diagnosed with heart failure than patients in the control
group (sub-hazard ratio 0.65, 95% Cl 0.54-0.79; P<0.001). After
adjustments for selected baseline conditions, weight loss by bariatric
surgery remained associated with reduced incidence of heart failure
(adjusted sub-hazard ratio 0.66, 95% C| 0.51-0.81; P <0.001). The in-
cidence rate for heart failure cases per 1000 patient years was 4.8
(95% Cl4.2-5.6) in the surgery group and 7.2 (95% Cl 6.4-8.1) in the
control group. Based on the adjusted competing risk regression
model, the cumulative incidence rates in the surgery group after 10,
15, and 20 years were 1.3%, 3.1%, and 5.8%, respectively. The corre-
sponding incidence rates for the control group were 2.0%, 4.7%, and
8.7%.

Apart from analysing the total incidence of new onset heart failure,
we also studied the detection rate of heart failure in different clinical
settings. Hospitalization for new onset heart failure occurred in 115
surgery patients and 171 control subjects (sub-hazard ratio 0.63, 95%
Cl 0.49-0.79; P<0.001) (Supplementary material online, Figure SB),
whereas fatal heart failure was diagnosed in 22 surgery patients and
33 controls (sub-hazard ratio 0.62, 95% CI 0.36-1.07; P=0.087)
(Supplementary material online, Figure SC).

During follow-up, self-reported use of conventional heart failure
medication including beta-blockers, agents acting on the renin—angio-
tensin system (ACE-inhibitors and/or ARBs) and loop-diuretics was

ACE-inhibitors and/or ARBs

Treatment:
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Figure 2 The use of conventional heart failure medication including beta-blockers, renin—angiotensin system inhibitors, and loop-diuretics were
lower in the surgery group as compared with control subjects, whereas the usage of mineralocorticoid receptor antagonists did not differ between

groups.



Obesity surgery and heart failure

2135

Weight change group  Weight change (kg) Model 1* Model 2** Model 3***
Mean Range P-value P-value P-value
Quartile 1 (n=902) +4 0to24 . (ref) . (ref) * (ref)
Quartile 2 (n=924) 5 14100 — s 094 —— 0971 — & 0875
Quartile 3 (=891)  -22 -30to-14 — 0.018 — e 032 — et ous
Quartile 4 (n=906) ~ -41 -111t0-30 ——=—— 0001 ——a | 0020 @ ——— 0.038
0.‘5 O.;S 1‘0 1.‘5 0.5 0.75 1.0 1.5 0.5 0.75 1.0 1.5

*Non-adjusted
**Adjusted for surgical intervention

***Adjusted for surgical intervention and baseline values for age, sex, BMI, hypertension, total cholesterol, diabetes, free thyroxin, smoking and alcohol intake

Figure 3 Forest plot of hazard ratios and 95% confidence intervals for the risk of heart failure by 1-year weight change quartiles. The study groups
were pooled in these analyses. The risk of heart failure declined across quartiles with a greater degree of weight loss. This association remained statis-
tically significant after adjustment for surgical intervention (Model 2) and, in addition, potential baseline confounders (Model 3).

Table2 Association of bariatric surgery and selected
baseline characteristics with the risk of heart failure
based on 188 events in the surgery group and 266
events in the control group

SHR 95% ClI

Surgery (vs. control) 0.67 0.55-0.81 <0.001
Age per 5 years 1.51 1.3-1.6 <0.001
Male (vs. female) 2.03 1.65-2.51 <0.001

Body mass index per 5 kg/m* 1.08 0.91-1.19 0.156

Hypertension 144 1.12-1.86 0.005
Total cholesterol per mmol/L 1.10 1.01-1.19 0.020
Diabetes 1.37 1.09-1.73 0.006
Free thyroxine per 5 pmol/L 126 1.14-1.39 <0.001
Smoking 126 1.01-1.57 0.037

Alcohol intake per 10 g/daily 1.02 0.91-1.14 0.737

Data from the surgery and control groups are pooled in this analysis.
Cl, confidence interval; SHR, sub-hazard ratio.

significantly lower in the surgery group, whereas the usage of min-
eralocorticoid receptor antagonists did not differ between the two
groups (Figure 2). There was no difference in the use of thyroid prep-
arations between study groups during follow-up (Supplementary ma-
terial online, Figure SD).

Multivariate and interaction analysis

In the pooled population, baseline conditions that were independent-
ly associated with increased risk of heart failure included advancing
age, male sex, hypertension, diabetes, elevated cholesterol levels,
smoking, and increasing thyroxine levels (Table 2). The risk of heart
failure declined across quartiles with a greater degree of weight loss
(Figure 3). The quartile of subjects with the largest weight loss after 1
year (mean -41 kg) displayed the greatest risk reduction (sub-hazard
ratio 0.51, 95% Cl 0.30-0.70; P <0.001). This association remained
statistically significant after adjustment for surgical intervention (sub-
hazard ratio 0.57, 95% Cl 0.36-0.92; P=0.020) and after further ad-
justment for potential baseline confounders (sub-hazard ratio 0.60,
95% Cl 0.36-0.97; P=0.038). In an interaction analysis, the effect of
bariatric surgery on incident heart failure was similar in subgroups

defined by a median split of a wide range of baseline characteristics
(Figure 4).

Adverse events

Adverse events in the SOS study have been described previously."
Bariatric procedures were performed with open surgery in 89% of
cases. There were 5 individuals (0.2%) in the surgery group and 2
(0.1%) in the control group who died within 90 days of surgery/inclu-
sion. In the surgery group, 151 (13.0%) of the participants had 193
postoperative complications. Of these, 46 persons (2.8%) needed
additional surgery.

Discussion

Among participants in the SOS study, persons treated with bariatric
surgery had a lower risk of developing heart failure during long-term
follow-up than did those receiving usual care. The risk of heart failure
was reduced by 35% in the surgery group, despite a less favourable
cardiovascular risk factor profile at baseline and a lower use of beta-
blockers, renin—angiotensin system inhibitors and loop-diuretics dur-
ing follow-up. The risk of heart failure appeared to decline in parallel
with greater degrees of weight loss.

The results from our prospective controlled intervention study
are in agreement with findings from a previous study that retrospect-
ively compared two large registries, the Scandinavian Obesity
Surgery Registry and a Swedish registry of obese people treated with
a lifestyle program.’ In this earlier study, gastric bypass resulted in a
1-year weight loss that was 18.8 kg larger than that attained by life-
style intervention; during a median follow-up of 4.1 years, surgically
treated patients had a significantly lower risk of heart failure, but the
incidence rates were low, 0.41% and 0.76%, respectively.18 In the
SOS study, separation of the cumulative incidence curves, reflecting a
beneficial effect of bariatric surgery, did not occur until 5 years after
the intervention, but increased thereafter. Thus, the primary prevent-
ive design of the SOS study required a long-term follow-up to enable
the favourable effects of weight loss on heart failure risk to become
apparent.

American College of Cardiology—American Heart Association and
European Society of Cardiology guidelines'2°
should be treated to prevent or delay the onset of heart failure
(Class of recommendation | and lla, respectively). In the absence of

advocate that obesity
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Variable No. of subjects  No. devoping HF Hazard ratio P-Value for
of interest Surgery Control Surgery Control 95 % Cl interaction
All subjects
2003 2030 188 266 ——
Age 0.637
< 47.8 years 1099 918 69 71 ——
247.8 years 904 1112 119 195 ——
Sex 0.594
Male 585 584 85 116 ——
Female 1418 1446 103 150 ——
BMI 0.800
< 40.8 kg/m? 792 1225 75 161 ——
2 40.8 kg/m? 1211 805 113 105 ——
Waist 0.300
<122 cm 811 1210 63 145 ——
=122 cm 1187 820 125 121 —
Systolic blood pressure 0.978
< 140 mmHg 1010 1306 73 136 ——
2 140 mmHg 988 720 115 130 ——
Diastolic blood pressure 0.910
< 88 mmHg 826 1221 62 142 ——
288 mmHg 1171 802 126 124 —
Cholesterol 0.299
< 5.7 mmol/L 906 1119 66 112 ——
2 5.7 mmol/L 1093 909 120 154 ——
Triglycerides 0.266
< 1.8 mmol/L 901 1119 75 123 —_——
2 1.8 mmolL/L 1098 909 111 143 ——
Glucose 0.162
< 4.5 mmol/L 926 1091 53 128 —
2 4.5 mmol/L 1069 935 135 138 ——
Insulin 0.394
<17 mU/L 864 1152 7 136 —_——
217 mU/L 1130 875 116 129 ——
Free thyroxine 0.408
<15.3 pmol/L 1002 1009 87 117 ——
2 15.3 pmol/L 994 1017 100 148 ——
Diabetes 0.463
No 1652 1769 134 217 ——
Yes 344 257 54 49 ——
Smoking 0.813
No 1485 1601 136 203 ——
Yes 516 420 52 63 ¢ B
Alcohol 0.860
< 2.2 g/daily 990 1027 90 127 —_——
= 2.2 g/daily 1013 1002 98 139 ¢
Cardiovascular disease 0.743
No 1944 1977 172 249 ——
Yes 59 53 16 17 v
| | |
0.0 0.5 1.0 1.5

Figure 4 Hazard ratios for the risk of heart failure in subgroups. There were no significant interactions between treatment and subgroups.

controlled clinical trials, these recommendations have been based on
expert opinion and consensus (level of evidence C). In a similar man-
ner, 2016 European Guidelines on cardiovascular disease prevention
in clinical practice?’ advocate BMI 20-25 kg/m? as an optimal target
level to reduce cardiovascular risk, but at the same time acknowledge
gaps in evidence on how to achieve a long-term healthy weight and
whether this will improve outcome. By demonstrating that sustained
weight loss in obesity reduces the risk of incident heart failure, the

present study provides robust verification for the use of viable strat-
egies to prevent or treat obesity in this respect. However, it is im-
portant to note that our results relate to surgical obesity treatment
in men with BMI >34 kg/m? and in women with BMI >38 kg/m?.

The mechanism by which surgically induced weight loss may re-
duce the risk of heart failure is probably multifactorial. Bariatric
surgery improves heart failure risk factors including hypertension,
lowers the incidence of

diabetes, and dyslipidaemia®* and
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cardiovascular events.”® The reversal of haemodynamic overload
leads to regress of left ventricular hypertrophy®? and improves dia-
stolic dysfunction.** Previously, we have shown that obesity sur-
gery lowers the incidence of atrial fibrillation,® alleviates sleep
apnoea,”® and promotes leisure time physical activity.” In addition,
weight loss lessens several adverse metabolic, hormonal, and in-
flammatory stimuli that may contribute to the development of
heart failure.?®

The associations of baseline characteristics with increased heart
failure risk were similar to those previously reported and included:
advancing age, male sex, hypertension, hypercholesterolaemia, dia-
betes, and smoking. We also observed that higher free thyroxine was
independently associated with risk for heart failure in both univariate
and multivariate analyses. Obesity has been shown to be associated
with disturbances in thyroid function,” including higher free thyrox-
ine levels within the normal range, which in turn might predispose to
atrial fibrillation®® and subsequent heart failure. The use of thyroid
preparations was similar in both surgery and control patients and,
therefore, unlikely to explain to the difference in heart failure risk be-
tween groups. Weight loss can affect thyroid hormone levels®'*? and
whether this may have beneficial effects on cardiac energy homeosta-
sis and impede heart failure onset deserves further research. The ef-
fect of surgical obesity treatment was consistent across all subgroups
defined by a median split of baseline characteristics. Hence, bariatric
surgery did not show a greater benefit among patients with a higher
BMI at baseline as compared to those with a lesser degree of obesity,
which has been a constant finding for other clinical endpoints in the
SOS study.”

The risk of heart failure decreased across quartiles of increasing
weight loss, even after adjusting for surgical intervention and potential
baseline confounders. However, these findings should be interpreted
with caution due to the strong relationship between surgical treat-
ment and weight loss. One-year weight change in control subjects is
very different from that in surgical cases; and due to the collinearity
between bariatric surgery and weight loss it is difficult disentangle
their effects on outcome in statistical models.

Heart failure is a major and growing public health problem world-
wide resulting in poor quality of life, frequent hospitalizations and
high mortality rates® The American College of Cardiology—
American Heart Association heart failure model emphasizes the pro-
gressive pathophysiology of the syndrome through four stages (A, B,
C, and D),*® which motivates early detection and prevention efforts.
Obesity has been identified as an important risk factor for heart
failure and is frequently associated with asymptomatic disturban-
ces in cardiac structure and function. As a consequence, weight re-
duction has been proposed as a potential preventive measure.>* In
this context, the findings of the present study are of significant
value. The successful prevention of heart failure through obesity
surgery suggests that this treatment may have a positive impact on
disease-related morbidity and mortality and may also reduce
health care utilization.

The strengths of the SOS trial include the large study cohort, the
prospective controlled design, and the long period of follow-up. The
major limitation is the non-random treatment assignment, in which
the two study groups expressed a different preference towards obes-
ity surgery. However, the Swedish ethical review boards did not ap-
prove a randomized trial design when the study was introduced in the

1980s because of the high post-operative mortality at that time. In
addition, it is unlikely that a randomized trial of this kind would be con-
sidered feasible today. Heart failure was not a pre-specified endpoint
of the in the SOS study; instead the diagnosis was collected by cross-
linking the SOS database with the National Patient Register on in-
patient and outpatient diagnosis codes and the Swedish Cause of
Death Register. Ascertainment of heart failure as a principal diagnosis
using the National Patient Register has a validity of 95% and the Cause
of Death Register covers 99% of deaths in the Swedish population.

In conclusion, surgically induced weight loss in subjects with severe
obesity is associated with a reduced risk for heart failure during long-
term follow-up. A greater weight loss appeared to result in a larger
risk reduction. Primary prevention of heart failure by bariatric surgery
is likely to reduce cardiovascular morbidity and mortality.

Supplementary material
Supplementary material is available at European Heart Journal online.
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