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The Swedish Obese Subjects (SOS) study has been on-
oing for almost two decades and has generated a substan-
ial number of publications covering the effects of weight
hange on cardiovascular risk factors, obesity-related mor-
idity, health-related quality of life, and health economy. In
his review, we have outlined what has been achieved in the
OS to date, as well as described the scientific background
nd study design.

Obesity is associated with elevated risk factors for car-
iovascular diseases, as well as increased morbidity and
ortality [1]. Furthermore, epidemiologic studies have in-

icated that an increase in body weight is related to in-
reased mortality [2]. Short-term weight loss improves all
ardiovascular risk factors [1], and semistarvation has been
hown to prolong the life span in a number of studied
pecies [3]. However, several epidemiologic studies have
ound an association between weight loss and increased,
ather than decreased, mortality even in subjects who were
bese at baseline [4–7]. Thus, data from observational ep-
demiologic studies have indicated that, from a mortality
erspective, it is dangerous, not only to be obese, but also to
ncrease, as well as decrease, in weight.

Several possible explanations have been put forward to
esolve this apparent paradox. The inability to distinguish
ntentional from unintentional weight loss, as well as not
ontrolling for pre-existing disease or smoking, might have
onfounded the results [8,9]. In addition, several studies
eporting on the beneficial effects of weight loss on cardio-

*Reprint requests: Jarl S. Torgerson, M.D., Ph.D., Department of
edicine, Norra Älvsborg County Hospital, Trollhättan SE461 85 Sweden.
oE-mail: jarl.torgerson@vgregion.se

550-7289/06/$ – see front matter © 2006 American Society for Bariatric Surger
oi:10.1016/j.soard.2006.07.006
ascular risk factors were short term (�2 years). Some
ong-term trials, including the SOS study, as discussed fur-
her below, have shown a relapse in risk factor levels despite
aintained weight reductions [10,11]. As noted by Allison

t al. [9], it could also be that the loss of body fat decreases,
ut the loss of lean body mass increases, mortality [9].
urthermore, inadequate nutrient intake might make
eight-reducing treatment hazardous [12].
The SOS study was initiated in 1987 as an attempt to

lucidate this apparently enigmatic situation. A clinical in-
ervention trial with long-term observation of a large cohort
f well-characterized subjects who either lose a substantial
mount of weight (obesity surgery) or remain weight stable
conventional nonoperative treatment) would have the abil-
ty to shed light on the obesity–weight change–mortality
aradox.

A paradox similar to that concerning weight and mortal-
ty can be seen in studies regarding health-related quality-
f-life aspects among the obese. Regarding psychological
ell-being, for example, some studies have found support

or the “jolly fat” theory (i.e., obese subjects tend to be less
nxious and depressed than leaner subjects) [13–15], and
ther studies [16,17] have found no, or positive, associa-
ions between obesity and mental distress. In addition, early
eports on weight reduction among clinical populations
howed that dieting, in particular low-calorie diets and long-
erm fasting, had a negative effect on mental health [18,19].

ore recent studies [20–22] have almost consistently re-
orted positive psychological effects with weight loss
mong obese subjects. Discrepancies such as these further
ndicate the need for studies with large samples, adequate

bservation time, good compliance rates, and both sexes

y. All rights reserved.
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ell-represented. In Table 1 we present all the variables
overed in this review of the SOS study.

tudy design

The main aim of the SOS study was to examine whether
otal mortality is reduced when obese subjects intentionally
ose weight. The secondary aims included the effects of
eight loss on specific mortality and morbidity factors (e.g.,

ardiovascular disease and diabetes), as well as health-
elated quality of life and health economics [23].

The SOS study originally consisted of a cross-sectional
egistry study and a longitudinal intervention study. In order
o obtain comparable reference material on mainly non-
bese persons, a population study was later added. Women
nd men, aged 37 to 60 years, living in 2 typical, mid-sized
ities in Sweden were randomly selected from the popula-
ion registry. A total of 2037 individuals were invited and
135 persons (611 men, 524 women) agreed to participate
mean age 35.7–61.8 years, body mass index [BMI] 17.6–
5.4). All reference subjects were given the same health
xamination and completed the same questionnaires as in
he SOS registry study.

In essence, the registry study was an extensive health
xamination performed at 480 collaborating primary health-
are centers in 19 Swedish counties. Obese subjects were
ligible for the SOS study if they were 37–60 years old and
ad a BMI of �34.0 kg/m2 for men or �38.0 kg/m2 for
omen [22]. Obese subjects were characterized in great
etail with respect to medical history, metabolic aberrations,

able 1
arameters covered in this review of published SOS data

Cardiovascular
Dyslipidemia
Diabetes
Hypertension
Hyperuricemia
Hypercholesterolemia
LVM/wall thickness
LVEF/E/A ratio
Dyspnea
IMT

Sleep apnea
Liver/gall bladder/pancreatic disease
Musculoskeletal pain
Life style

Energy intake
Physical activity

Quality of life
Depression
Obesity-related distress
Psychosocial functioning

Health economy
Pharmaceutical costs
Cost of in-patient care
Sick leave/disability
dipose tissue distribution, food habits, and psychological,
ocioeconomic, and genetic variables. Furthermore, the reg-
stry study served as recruitment base for the subsequent
ntervention study. When the inclusion phase of the SOS
tudy was finalized in January 2001, 6328 subjects (2460
en and 3868 women) had passed the registry study. The

ntervention study had two treatment arms, obesity surgery
nd conventional treatment. When the inclusion phase
losed, 2010 individuals had been included in the surgery
rm and 2037 in the conventionally treated arm.

The SOS protocol allowed both gastric and combined
astric and intestinal surgical procedures. The gastric ap-
roaches included (variable) gastric banding and vertical
anded gastroplasty (VBG), and the combined approach
sed was gastric bypass (GB). Both open abdominal surgery
nd laparoscopic techniques were applied. Twenty-five de-
artments of surgery (in university, regional, county, and
ommunity hospitals) participated in the SOS study. Treat-
ent offered to patients in the control arm was not stan-

ardized but reflects the best non-surgical treatment options
vailable at any time at the 480 collaborating primary
ealthcare centers. This could include advice on diet and
xercise, very low calorie diet, pharmacological treatment
f obesity, and cardiovascular risk factors, in accordance
ith local routines.
The SOS study is a matched, not a randomized, trial,

ecause the Swedish research ethical committees did not
nd that the two treatment arms carried equal risks when the
OS study was started in 1987. The operative mortality
bserved in most surgical groups was about 1–5% in the
970s and 1980s. Instead, patients who participated in the
egistry study could volunteer for either treatment group
ccording to their own preference. When a patient was
ccepted for surgery, according to a number of detailed
nclusion and exclusion criteria, a computerized matching
rogram taking 18 different matching variables into account
elected the optimal control among those subjects who, after
he registry study, chose conventional treatment. The selec-
ion was based on algorithm that moved the mean values of
he different matching variables of the control groups to-
ard the current mean values of the surgery group. The SOS

tudy was thus a group-matched, rather than an individually
atched, trial. The following matching variables were taken

nto account: sex, age, weight, height, waist and hip circum-
erences, systolic blood pressure, serum cholesterol and
riglyceride levels, smoking status, presence of diabetes,
enopausal status, four psychosocial variables with docu-
ented association with mortality risk, and two personality

raits related to treatment preferences.
The surgery patients and control patients began the in-

ervention on the day the former individual underwent sur-
ery. Both subjects were examined just before inclusion and
gain after 0.5, 1, 2, 3, 4, 6, 8, 10, 15, and 20 years. Samples
or centralized biochemical analyses were obtained at inclu-
ion and again after 2, 10, 15, and 20 years.
Patient scheduling is done automatically by a central
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omputer at the SOS secretariat. The collaborating centers
eceive all of the necessary forms and test tubes from the
OS secretariat some weeks in advance. Similarly, self-
dministered questionnaires are mailed to all patients before
ny upcoming visit. If information from a given examina-
ion of a given patient is not returned to the SOS secretariat
s expected, the computer program automatically sends out
eminders to patients and centers. If that does not help, staff
t the SOS secretariat contacts the patient and center by
hone. Of the 2010 patients who underwent an operation
nd the 2037 controls, 8.2% and 18.5%, respectively, did
ot participate in the two-year examination (P � .001).

aseline characteristics

As previously mentioned, several reports have been pub-
ished by the SOS study group. Since the inclusion phase
as protracted, the published reports have been based on
ifferent numbers of patients depending on when the anal-
ses were performed. This was also the case for the present
eview, because we covered SOS papers published during a
umber of years. However, when describing the overall
atient characteristics (Table 2), we focused on the patient
aterial used in the most comprehensive SOS report to date,

ublished in the New England Journal of Medicine [10]. An
nterval of about 9 months occurred between the registry
nd inclusion examinations. During this time, the surgical
roup increased in weight and the control group reduced

able 2
haracteristics of subjects at inclusion examination of intervention study

haracteristic Inclusion data, subjects com

Control group
(n � 1660)

ge (yr) 48.8 � 6.2
ale sex (%) 29.7

moker (%) 19.5
eight (kg) 114.6 � 16.4
eight (mo) 1.69 � 0.09
MI (kg/m2) 40.0 � 4.6
aist (cm) 120.0 � 11.0

lood pressure (mm Hg)
Systolic 137.5 � 17.9
Diastolic 84.1 � 10.5

lucose (mmol/L) 5.2 � 1.9
nsulin (mU/L) 18.0 � 11.5
ric acid (�mol/L) 353.3 � 79.3
riglycerides (mmol/L) 2.01 � 1.35
erum cholesterol (mmol/L)
HDL 1.19 � 0.29
Total 5.60 � 1.06

BMI � body mass index; HDL � high-density lipoprotein.
Data presented as mean � standard deviation.
* P values for comparison with data for subjects in control group unde
† P � .001.
‡ P � .05.
heir weight. As a consequence, the body weight and several w
isk factors were significantly greater among the surgically
reated subjects at inclusion into the intervention study (Ta-
le 1).

ortality and perioperative complications

Data on mortality has so far been available only to an
ndependent safety committee and not to the SOS steering
ommittee. The intervention study had 80% power (at an
lpha level of 0.05) to detect a difference in total mortality
etween a group of 2000 surgically treated patients and a
roup of 2000 conventionally treated controls followed up
or 10 years. Quite recently, we achieved the 40,000 patient
ears needed according to the initial power calculations and
ross-checking of data basis and statistical analyses are
eing performed on the mortality data but nothing has as yet
een published.

For practical reasons, however, the steering committee
as information on operative mortality. Of the 2010 surgery
roup, 5 (0.25%) died within 90 days postoperatively. Three
f these fatalities were due to gastrointestinal leakage de-
ected too late. One death was caused by a technical mistake
uring a laparoscopic operation and one by postoperative
yocardial infarction [24].
The operative complications have been calculated on

064 patients followed up for �4 years [24]. During the
rimary stay in the hospital, the following complications
ccurred: bleeding in 0.5%, thromboembolism in 0.8%,

2 yr Inclusion data, subjects completing 10 yr

ery group
1845)*

Control group
(n � 627)

Surgery group
(n � 641)*

4 � 5.9† 48.4 � 6.3 47.0 � 5.6†
3 31.4 30.6
4† 21.1 24.7
6 � 16.4† 113.9 � 16.7 120.0 � 16.4†
9 � 0.09 1.69 � 0.09 1.69 � 0.09
3 � 4.4† 39.9 � 4.6 41.9 � 4.2†
5 � 10.8† 119.3 � 11.2 124.0 � 10.9†

5 � 18.8† 138.4 � 17.6 143.8 � 19.3†
7 � 11.2† 85.8 � 10.6 89.6 � 11.3†
4 � 2.1† 5.1 � 1.7 5.5 � 2.1†
2 � 12.6† 18.3 � 11.2 21.2 � 11.4†
4 � 80.1‡ 357.7 � 78.9 366.2 � 84.2
3 � 1.52† 2.12 � 1.49 2.30 � 1.56‡

0 � 0.28† 1.18 � 0.29 1.19 � 0.28
5 � 1.12† 5.76 � 1.10 6.02 � 1.13†

ted conditions.
pleting

Surg
(n �

47.
29.
24.

120.
1.6
42.

125.

143.
88.
5.

21.
359.
2.2

1.2
5.8

r indica
ound complications in 1.8%, deep abdominal infections
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n 2.1%, respiratory complications in 6.1%, and miscel-
aneous in 4.8%. The number of complications was 193
n 151 patients (13%). Twenty-six patients (2.2%) had
ostoperative complications serious enough to necessi-
ate reoperation. During 4 years, 12% of the patients
nderwent reoperation, usually because of poor weight
oss, but in some cases because of vomiting or other side
ffects. Generally, gastric banding or VBG was con-
erted to GB.

eight change

Fig. 1 shows the weight changes with time for the sub-
ects followed up for �10 years. The maximal weight loss
as achieved after 6 months in the conventionally treated

ontrol group and after 1 year among the surgery group. The
aximal weight loss was 1% � 6% among controls and

8% � 7%, 26% � 9%, and 21% � 10% in the GB, VBG,
nd gastric banding groups, respectively. After 2 years, the
ody weight was more or less stable in the control group,
nd the surgery group (all subgroups combined) maintained
23% � 4% decrease. The control group had increased in
eight by 1.6% � 12% after 10 years, but the bypass, VBG,

nd gastric banding groups had achieved a weight loss of
5% � 11%, 16.5% � 11%, and 13.2% � 13%, respec-
ively [10].

After 10 years, a weight loss of �5% was seen in 73%
f the controls, 19% of the patients in the GB group, 14%
f the VBG patients, and 25% of the gastric banding

ig. 1. Weight changes among subjects who completed 10 years of the stud
dentical to that in subgroup of subjects who underwent VBG [10].
roup. However, the corresponding values for those h
chieving a �20% weight loss were 4%, 74%, 35% and
8% [10].

ardiovascular risk factors

Table 3 shows the changes in cardiovascular risk factors
fter 2 and 10 years among the control and surgery groups.
fter 2 years, all risk factors had improved to a greater

xtent among the surgery group than among the conven-
ionally treated controls. These beneficial effects of bariatric
urgery were still seen for all risk factors, except for systolic
lood pressure and total cholesterol, after 10 years. Patients
ho had undergone GB generally had significantly greater

mprovements in cardiovascular risk factors than patients
ho had undergone a gastric banding procedure [10].
Figs. 2 and 3 show the incidence of, and recovery from,

ipid disturbances, diabetes, hypertension, and hyperurice-
ia. The incidence of hypertriglyceridemia, diabetes, and

yperuricemia was markedly lower in the surgery group
han in the conventionally controls after 2 and 10 years (Fig.
). The incidence of low high-density lipoprotein choles-
erol level was significantly lower in the surgery group after
, but not after 10, years. No incidence difference was found
ith respect to hypercholesterolemia or hypertension after 2

nd 10 years. The surgery group more frequently recovered
rom hypertension, diabetes, hypertriglyceridemia, low
igh-density lipoprotein cholesterol and hyperuricemia than
id the control patients after 2 and 10 years (Fig. 3). No
ifference was found in the recovery rates with respect to

age weight change in total group of surgically treated subjects was almost
y. Aver
ypercholesterolemia [10].
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able 3
hanges in weight, anthropometric variables, risk factors and energy intake at 2 and 10 years*

ariable Changes at 2 years† Changes at 10 years† Changes at 10 years in surgery
subgroups

Control
group
(n �
1660)

Surgery
group
(n �
1845)

Difference Control
group
(n � 627)

Surgery
group
(n � 641)

Difference Gastric
banding
(n � 156)

Vertical
banded
gastroplasty‡
(n � 451)

Gastric
bypass‡
(n � 34)

% (95% CI) % (95% CI) %
eight 0.1 �23.4 22.2 (21.6–22.8)§ 1.6 �16.1 16.3 (14.9–17.6)§ �13.2 �16.5†† �25.0§
eight �0.01 �0.06 0.06 (0.02–0.10)†† �0.3 �0.3 �0.01 (�0.12–0.10) �0.2 �0.3 �0.8§
MI 0.1 �23.3 22.1 (21.5–22.7)§ 2.3 �15.7 16.5 (15.1–17.8)§ �12.8 �16.0†† �23.8§
aist 0.2 �16.9 16.0 (15.4–16.5)§ 2.8 �10.1 11.3 (10.3–12.4)§ �7.6 �10.2†† �19.3§

ystolic blood
pressure

0.5 �4.4 2.8 (2.1–3.6)§ 4.4 0.5 1.1 (�0.3–2.6) 2.1 0.4 �4.7

iastolic blood
pressure

0.3 �5.2 3.2 (2.4–3.9)§ �2.0 �2.6 �2.3 (�3.5–�1.0)§ �1.4 �2.5 �10.4

ulse pressure 3.2 0.6 �0.5 (�2.3–1.3) 18.0 10.8 3.5 (0.1–6.9)†† 13.8 10.1 6.3
lucose 5.1 �13.6 16.6 (15.0–18.3)§ 18.7 �2.5 18.4 (14.7–22.1)§ �0.8 �2.5 �10.0

nsulin 10.3 �46.2 51.4 (48.0–54.8)§ 12.3 �28.2 30.1 (23.9–36.6)§ �25.3 �27.2 �54.0§
ric acid �0.4 �14.9 13.5 (12.5–14.6)§ 3.9 �6.2 8.8 (6.4–11.1)§ �5.2 �6.1 �12.3
riglycerides 6.3 �27.2 29.9 (27.4–32.5)§ 2.2 �16.3 14.8 (10.4–19.1)§ �18.0 �14.9 �28.0††
DL cholesterol 3.5 22.0 �18.7 (�20.1–�17.3)§ 10.8 24.0 �13.6 (�16.5–�10.6)§ 20.4 23.5 47.5††
otal cholesterol 0.1 �2.9 1.0 (0.1–1.9)†† �6.0 �5.4 �2.0 (�3.8–�0.2)†† �5.0 �5.0 �12.6§
nergy intake �2.8 �28.6 19.1 (16.0–22.2)§ �1.0 �20.7 11.6 (8.1–15.0)§ �19.7 �21.6 �12.6

* Data are for all subjects completing 2 and 10 years of the study and are independent of diagnosis and medications at or after baseline. Changes within
ach treatment group are unadjusted, whereas differences between the groups in the changes have been adjusted for sex, age, BMI, and the baseline level
f the respective variables. CI denotes confidence interval, and HDL high- density lipoprotein.

† For values within each group, minus signs denote decreases; for differences between the groups, minus signs denote smaller reductions or (in the case
f HDL cholesterol) larger increases in the surgical group than in the control group.

‡ P values are for the comparison with the banding subgroup.
§ P � 0.001.

†† P � 0.05.
ig. 2. Incidence of lipid disturbances, diabetes, hypertension, and hyperuricemia among subjects who completed 2 and 10 years of the study. Bars indicate

nadjusted incidence rates. P values were adjusted for sex, age, and BMI at inclusion in intervention study [10]. HDL � high-density lipoprotein.
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ardiovascular effects of weight loss

A series of SOS substudies have investigated the effects
f surgically induced weight loss on cardiac structure and
unction. Of 72 obese subjects, 41 underwent surgery and
1 received conventional treatment. At baseline, these two
bese groups were compared with a group of randomly
elected controls (n � 43). The average BMI in the obese
urgery group, obese conventional group, and randomly
elected group was 39 � 4 kg/m2, 39 � 5 kg/m2, and 23 �
kg/m2, respectively. Echocardiography was performed on

ll subjects. At baseline, the obese subjects (n � 72) had
ignificantly greater blood pressure, as well as greater left
entricular mass (LVM) and relative wall thickness com-
ared with the lean controls. The two obese groups were
e-examined after 1 year. The surgery group had lost a
ubstantial amount of weight (new BMI 29 � 3 kg/m2), and
he conventionally treated subjects remained weight stable.
he same pattern was observed for blood pressure, relative
all thickness, and LVM. Fig. 4 shows the changes in

elative wall thickness and LVM as a function of weight
hange in the two obese groups combined. Strong correla-
ions were found between weight change and the changes in
elative wall thickness (r � 0.38) and LVM (r � 0.36). The
hange in blood pressure correlated significantly with the
hange in relative wall thickness, but not with the LVM
hange [25].

The same patients were also examined with respect to
ardiac function. Echocardiography was performed. The left
entricular ejection fraction was used as a measure of sys-
olic function, and the transmitral early to atrial (E/A) peak
ow velocity ratio was used as an estimate of diastolic

ig. 3. Recovery from lipid disturbances, diabetes, hypertension, and hyperu
nadjusted rates of recovery. P values were adjusted for sex, age, and BM
lling. At baseline, the obese subjects (pooled group) had a d
ignificantly reduced left ventricular ejection fraction and
/A ratio compared with the lean controls. At the 1-year

e-examination of the obese treatments groups, the E/A ratio
ad increased significantly in the surgery group compared
ith the conventionally treated group (P �.001). In the

ombined groups, a significant relation was found between

a among subjects who completed 2 and 10 years of the study. Bars indicate
clusion in intervention study [10]. HDL � high-density lipoprotein.

ig. 4. Mean � SEM changes in relative wall thickness and left ventricular
ass as function of weight change (in fifths) in obese subjects. Correlation

oefficients determined from all individual observations (n � 63). Repro-
ricemi
uced with permission from Karason et al. [25].
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he weight change and the change in the E/A ratio (r �
.42). The ejection fraction tended to increase in the sur-

ery group, and a decrease was found among the conven-
ionally treated subjects, leading to a significant difference
n left ventricular ejection fraction between the two treat-
ent groups (P �.001) [26].
Self-reported questionnaire data from 1210 surgical sub-

ects and 1099 controls were used to assess various cardio-
espiratory symptoms (e.g., dyspnea and chest discomfort)
nd physical activity levels at baseline and again after 2
ears. The patients in the two treatment groups were com-
arable at baseline. After 2 years, 19% of the surgery group
ad experienced dyspnea when climbing two flights of stairs
ompared with 87% at baseline. In the obese control group,
he corresponding values were 57% and 69%. The differ-
nce in the change between the two treatment groups was
ighly significant (P �.001) [27].

The progression rate of the intima media thickness in the
arotid artery bulb for 4 years was examined by ultrasonog-
aphy. Of 39 obese subjects (BMI 37 � 4 kg/m2) 20 un-
erwent surgery and 19 were given dietary treatment; 35
ean subjects (24 � 2 kg/m2) were included as controls. At
aseline, the obese patients had significantly greater levels
f systolic and diastolic blood pressure, total cholesterol,
riglycerides, glucose, and insulin, and they also had a larger
ntima media thickness in the carotid bulb. After 4 years, the
urgery group had lost 22 � 10 kg (BMI reduction 6.8 �
.5 kg/m2), and the obese diet group was weight stable. The
rogression rate of carotid artery bulb intima media thick-
ess was similar among the surgery group and lean controls
0.024 versus 0.025 mm/yr). In contrast, the intima media
hickness progression rate was 0.068 mm/yr in the obese
iet group. The difference in the progression rate between
he obese dieters and lean controls was significant (P �.05),
lthough statistical significance was not reached when the
wo obese groups were compared [28].

The prevalence and incidence of, as well as the recovery
ate from, effort-related calf pain were examined using a
elf-administered questionnaire. Randomly selected indi-
iduals from the SOS reference study (n � 1135), as well as
OS patients (n � 6328), were included. In both sexes,
elf-reported calf pain was more common in the obese than
n the general population (odds ratio [OR] 5.0 and 4.0 for
en and women, respectively, P �.001). Obese patients

ndergoing surgery had a lower 6-year incidence of calf
ain compared with the conventionally treated control
roup (OR 0.39 and 0.61, respectively, P �.05). Among the
ubjects reporting symptoms at baseline, the 6-year recov-
ry rate was greater in the surgical group than in the control
roup (OR 15.3 and 5.9, respectively, P �.001). Effort-
elated calf pain might be an indicator of atherosclerosis,
lthough other possible mechanisms, including inadequate
asodilation, increased work load on lower extremities,
usculoskeletal pain, and chronic venous insufficiency,

ight also contribute. However, adjusting for work-restrict- d
ng pain in the knee and ankle joints did not affect the
ssociation between obesity and effort-related calf pain
29].

bstructive sleep apnea

Sleep apnea was examined in patients from the SOS
egistry study (1324 men and 1711 women) using a ques-
ionnaire [30,31]. A high likelihood for sleep apnea was
bserved in 26% of the obese men and 9% of the obese
omen. Sleep apnea was associated with daytime dyspnea,

dmission to the hospital with chest pain, myocardial in-
arction, and elevation of blood pressure, insulin, triglycer-
des, and uric acid when adjusted for body fat, adipose
issue distribution, and other potential confounders [30]. In
ddition, sleep apnea was also associated with increased
sychosocial morbidity before and after these adjustments
31].

Sleep apnea was also investigated in the SOS interven-
ion study [27]. A high likelihood for sleep apnea was
bserved in 23% of 1210 surgically treated patients at base-
ine but in only 8% 2 years after surgery. In the control
roup (n � 1099), the corresponding values were 22% and
0% (P �.001 for difference in change between groups)
27].

iver and gall bladder disease

Liver disease in obesity is essentially related to fat infil-
ration of the hepatocytes. Nonalcoholic fatty liver disease
NAFLD) includes both essentially benign liver steatosis, as
ell as the more severe nonalcoholic steatohepatitis. Most
atients with NAFLD are asymptomatic, and, in many
ases, the diagnosis is made after finding elevated amino-
ransferase levels at a routine checkup. Typically, NAFLD
atients have greater levels of alanine aminotransferase than
spartate aminotransferase, and the opposite relation is of-
en seen in subjects with alcohol-related steatohepatitis [32].

In a group of SOS men (BMI 38 kg/m2, age 47 yr), 13%
ad elevated aspartate aminotransferase levels and 41% had
levated alanine aminotransferase levels. The correspond-
ng values in women (BMI 41 kg/m2, age 47 yr) were 5%
nd 13% [33].

Gallstones and gallbladder disease are quite common in
bese subjects, and several epidemiologic studies have
ound a positive association between BMI and the risk of
allstones [34]. Epidemiologic data have indicated that not
nly obesity, but also weight loss increases the risk of
allstones [34]. In the SOS study, the cross-sectional rela-
ionships between cholelithiasis, cholecystitis, and chole-
ystectomy and BMI were examined in men and women.
urthermore, the longitudinal associations for 2 years be-

ween weight change and gallbladder disease were exam-
ned [35]. As shown in Table 4, gallstones and gallbladder

isease were generally more common in obese subjects than



i
c

c
a
i
s
v
1
.
w
b
s
i

M

c

f
s
s
d
e
e

i
r
s
s
t
w
w
(

i
j
i

T
C

V

S
C
C
C

F
f
�

556 A. Rydén and J.S. Torgerson / Surgery for Obesity and Related Diseases 2 (2006) 549–560
n a randomly selected Swedish population and also more
ommon in women than in men.

During a 2-year observation period, the incidence of
holelithiasis was 4% in operated men compared with 1.2%
mong male controls (P � .011, OR 4.2, 95% confidence
nterval 1.5–12.0). In men, there was, or tended to be, a
ignificant difference in the incidence of cholecystitis (2.5%
ersus 0.7%, P � .058, OR 4.5, 95% confidence interval
.2–17.1), and cholecystectomy (3.4% versus 0.7%, P �
008, OR 5.4, 95% confidence interval 1.5–19.6). In the
omen, no statistically significant differences were found
etween the surgery group and controls. There were no
ignificant differences in the 2-year incidence of pancreatitis
n either sex.

usculoskeletal pain

Musculoskeletal pain is a major medical problem asso-
iated with disability and economic loss [36]. The risk

able 4
holelithiasis, cholecystitis, and cholecystectomy in SOS (registry) and S

ariable Men

SOS SOS reference P value* O

ubjects (n) 2460 524
holelithiasis 5.8 1.5 �.001 4.
holecystitis 3.4 0.8 �.001 5.
holecystectomy 5.7 1.0 �.001 7.

SOS � Swedish Obese Subjects; OR � odds ratio; CI � confidence in
* Fisher’s exact test.

ig. 5. Prevalence of work-restricting musculoskeletal pain in SOS registry
or age, smoking, working status, and physical activity level. Total indica

.001 for all comparisons [38].
actors for musculoskeletal pain include, among others, age,
ex, and body weight [37]. In the SOS study, the cross-
ectional prevalence and the longitudinal (2 and 6 yr) inci-
ence of, and recovery from, work-restricting musculoskel-
tal pain in the neck, back, hips, knees, and ankles were
xamined [38].

Fig. 5 shows the prevalence by gender of work-restrict-
ng musculoskeletal pain in the obese SOS patients and the
andomly selected individuals from the SOS reference
tudy. The OR for having musculoskeletal pain (obese ver-
us reference group) ranged from 1.7 for back pain in men
o 9.9 for pain in the ankle joints in women. In the obese,
ork-restricting pain was generally more prevalent in
omen than in men, irrespective of the location examined

P �.001 for all comparisons).
The obese women who underwent surgery had a lower

ncidence of work-restricting pain in the knee and ankle
oints compared with the conventionally treated group dur-
ng the 2- and 6-year period (OR range 0.51–0.71). Fig. 6

rence populations

Women

CI) SOS SOS reference P value* OR (95%
CI)

3868 611
0.0) 22.6 6.4 �.001 4.7 (3.3–6.6)
4.5) 11.2 4.0 �.001 3.4 (2.2–5.2)
8.0) 20.9 5.2 �.001 5.4 (3.8–7.9)

ference (general population) studies. Prevalences unadjusted; OR adjusted
entage of subjects reporting pain in at least one of five body locations. P
OS refe

R (95%

9 (2.4–1
2 (1.9–1
2 (3.0–1

terval.
and re
tes perc
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hows the recovery from work-restricting pain after 2 and 6
ears in the surgery and medical groups. Of the subjects
eporting symptoms at baseline, the recovery rate for pain in
he knee and ankle joints in men and pain in the neck and
ack and in the hip, knee, and ankle joints in women had
mproved in the surgical group compared with the control
roup after 2 years (OR range 1.4–4.8). After 6 years, the
ecovery rates were significantly greater for knee and ankle
ain in the operated women (OR range 2.1–7.2), although
o significant differences were found in the men.

nergy intake and physical activity

Energy intake was evaluated with a dietary questionnaire
eveloped within the SOS study [39]. At baseline, the sur-
ery group (n � 641) reported a greater energy intake than
he control group (n � 627; 2882 kcal/d and 2526 kcal/d,
espectively) [10]. Six months after the surgical procedure,
he energy intake had decreased dramatically. However, at
he 1-year follow-up, a gradual increase was observed, and
he 10-year follow-up data indicated that the surgically
reated patients’ intake of energy was, on average, reduced

ig. 6. Recovery from work-restricting musculoskeletal pain in the SOS
ntervention study. Recovery proportions unadjusted; OR adjusted for age,
moking, working status, and physical activity level. (Upper) Two-year and
Lower) 6-year follow-up. *P �.05, **P �.01, ***P �.001 [38].
y 20% compared with baseline. The reduction in energy f
ntake varied with the surgical technique, with the VBG
atients reporting the greatest reduction (Table 3). The con-
entionally treated subjects only marginally reduced their
nergy intake during the 10 years of follow-up [10].

At inclusion, more of the conventionally treated patients
ere physically active during leisure time than the subjects
olunteering for surgery (67% versus 56%, respectively).
ariatric surgery seemed to have a beneficial effect on

ifestyle changes in that at the 10-year follow-up visit the
roportion of physically active subjects in this group had
ncreased to 90%. In contrast, only a marginal improvement
67% to 71%) was noted among the conventionally treated
10].

Earlier studies had suggested that a high intake of sugar
nd sugar-containing foods before gastroplastic surgery pre-
icted for poor weight loss [40, 41] and that, therefore, GB
ould be a more suitable procedure for these patients. When
indroos et al. [42] analyzed data from 375 patients fol-

owed up for 2 years after VGB or GB, they found that the
atients’ total energy intake and all macronutrient consump-
ion were reduced, but sweet food consumption less so,
esulting in a relative increase of sugar intake. They found
o support for the hypothesis of high-sugar consumption
redicting for poor weight loss. The data indicated an in-
erse association between weight change and the relative
ntake of sugar and sweet foods 2 years after gastroplasty.
atients reporting a high proportion of intake of sugar and
weet foods lost more weight, but the nutritional quality of
heir dietary intake was poor. One feasible explanation
ould be that a reduction in total energy was achieved by
xcluding regular meals instead of sweet foods [42].

ealth-related quality of life

A number of psychological aspects were covered in the
OS study. However, we only present the results concern-

ng mental distress and psychosocial problems. The Hospi-
al Anxiety and Depression scale was designed to measure
eneral distress, particularly in the somatically ill [43]. The
cores are interpreted according to a clinically tested clas-
ification of psychiatric morbidity, with �8 the normal
ange, 8–10 indicating possible mood disorder, and �10
robable mood disorder. Fig. 7 shows the prevalence of
epression for 10 years among the surgery and control
roups. At inclusion, more patients choosing surgery re-
orted possible or probable depression than those who pre-
erred conventional treatment. The prevalence of depression
ecreased after weight reduction, but the decrease only
emained stable among those who lost �25% of their initial
eight. The surgical subjects with less weight reduction

eported an equivalent prevalence of clinical depression at
he 10-year follow-up visit as that of the control group [44].

The Obesity-related Distress scale is a condition-specific
cale that was developed within the SOS study [45]. One

actor, intrusion, concerns how obesity dominates and re-
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tricts a person’s life and causes regrets and worries about
he past and future. The other factor, helplessness, concerns
he belief that the person has no control over the affect of
vents or knows how to deal with various situations. At
aseline, 1146 surgical candidates reported significantly
reater levels of both intrusion and helplessness compared
ith the 1085 patients choosing conventional treatment. At

he 2-year follow-up period, the surgical group had scores
or helplessness that had improved to levels comparable to
hose of the conventionally treated group. Regarding intru-
ion, both groups had improved, with the conventionally
reated group still displaying significantly lower levels. This
mprovement, independent of weight loss, may suggest a
ositive effect of participating in the SOS study and receiv-
ng professional help and support [46].

Another instrument developed within the SOS study is
he Obesity-related Problems scale measuring the effect
f obesity on psychosocial functioning (e.g., experiences
f socializing, buying clothes, and swimming in public).
he data from the SOS subjects demonstrated a consid-
rable impact of obesity on psychosocial functioning.
besity-related problems also proved to be negatively

ssociated with mental well-being, and, perhaps not sur-
risingly, obese women reported more psychosocial
roblems than obese men. Additionally, inclusion data
rom the 2128 patients in the intervention study revealed
ifferences between the two treatment groups; as with
istress, the surgical subjects reported significantly more
sychosocial problems than the control group (P
.0001). At the 4-year follow-up point, the reported

besity-related problems had decreased in both treatment
roups. However, the improvements were markedly
reater in the surgical group, and the data showed a clear
ose–response effect between weight reduction and

ig. 7. Prevalence of clinical depression in surgical patients and controls
mong those who completed 10 years of the study. Surgical patients were
ubgrouped by amount of weight reduction [44].
hanges in psychosocial functioning, the greater the [
eight reduction, the greater the improvements in psy-
hosocial functioning. Furthermore, even a reduction as
mall as 10% was positively related to such improve-
ents at 4 years [47].

ealth economy

The high morbidity rate resulting from obesity is asso-
iated with increased drug use that is costly for individuals
nd society. Compared with a nonobese group, 1286 sub-
ects from the intervention study more often took medica-
ion for diabetes, cardiovascular disease, and asthma and
onsteroidal anti-inflammatory and pain medications before
he start of treatment [48]. The results from the 6-year
ollow-up visit for the 510 surgically and 455 convention-
lly treated patients showed that long-term intentional
eight loss was associated with reduced medication costs

or diabetes and cardiovascular disease [49]. A weight loss
f �10% was needed to reduce medication costs among
atients with diabetes and/or cardiovascular disease at base-
ine. In contrast, a weight loss of �15% was necessary to
educe the incidence of new cases of diabetes. However,
urgical intervention increases the medication costs for gas-
rointestinal tract disorders, anemia, and vitamin deficiency,
esulting in similar total costs for surgically and conven-
ionally treated obese individuals [48].

When evaluating the costs for in-patient care, Ågren et
l. [50] excluded the costs for hospitalization for the surgi-
al intervention and conditions common after bariatric sur-
ery. Despite an average weight reduction of almost 17%
mong the surgically treated and an increase of 1% in the
ontrol group, the data showed no significant differences
etween the groups in the number of hospital days or hos-
italization costs [50].

Overweight and obesity have also been associated with
n increased frequency of sick leave and disability use [51].
or example, data presented by Narbro et al. [52] showed

hat obese persons, during a 1-year period, had 1.5–1.9
reater use of sick leave compared with the general Swedish
opulation and that 12% of the obese women received a
isability pension compared with 5% of the general popu-
ation. The effects of surgery, and the subsequent weight
eduction, were ambiguous. When data from 369 surgically
nd 371 conventionally treated patients were analyzed, no
ifferences were found at inclusion between the groups
oncerning the number of sick leave days plus disability
ension. A reduction, however, was seen among the surgi-
ally treated group 2 and 3 years after surgery, when they
ad 10–14% fewer days of sick leave plus disability pen-
ion compared with the control group. This difference was
ore pronounced among patients aged 47–60 years (upper
edian), whereas at 4 years only a trend remained (P � .07)
53].
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onclusion

The results from the SOS study to date have shown that
ariatric surgery results in improvements of most, but not
ll, cardiovascular risk factors, as well as cardiac structure
nd function. Furthermore, there are substantial, long-term
mprovements in health-related quality of life. Whether
hese beneficial effects eventually will lead to a reduction in
besity-related mortality is still an open question. Although
ll stake holders in obesity are eagerly awaiting evidence
hat weight loss reduces mortality, one must not forget the
atient’s perspective. The professional focus is traditionally
n measures of signs and symptoms, survival time, side
ffects, and so forth. Paradoxically, better health according
o such traditional indicators is not automatically accompa-
ied by improved well-being or perceived health gain. This
s especially true in chronic disorders such as obesity [54].
mprovements in health-related quality of life, musculoskel-
tal pain, and effort-related calf pain might be as important
o the afflicted individual as cardiovascular risk reduction.

Because we still lack pivotal information on hard end-
oints, it is reasonable that obesity treatment is debated
rom medical, psychological, and economic perspectives.
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