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Abstract

Objective: We evaluated the relation between obesity and the risks for various forms of cancer.
Methods: In a population-based cohort of 28,129 hospital patients (8165 men, 19,964 women) with any discharge
diagnosis of obesity (9557 only diagnosis, 5266 primary, 13,306 secondary) during 1965±1993, cancer incidence was
ascertained through 1993 by record linkage to the nationwide Swedish Cancer Registry. Cancer risk was estimated
using the standardized incidence ratio (SIR, with 95% con®dence interval), which is the ratio of the observed
number of cancers to that expected.
Results: Overall, a 33% excess incidence of cancer was seen in obese persons, 25% in men and 37% in
women. Signi®cant risk elevations were observed for cancers of the small intestine (SIR = 2.8; 95% CI 1.6±
4.5), colon (1.3; 1.1±1.5), gallbladder (1.6; 1.1±2.3), pancreas (1.5; 1.1±1.9), larynx (2.1; 1.1±3.5), renal
parenchyma (2.3; 1.8±2.8), bladder (1.2; 1.0±1.6), cervix uteri (1.4; 1.1±1.9), endometrium (2.9; 2.5±3.4), ovary
(1.2; 1.1±1.5), brain (1.5; 1.2±1.9), and connective tissue (1.9; 1.1±3.0), and for lymphomas (1.4; 1.0±1.7), with
higher risk observed for Hodgkin's disease only in men (3.3; 1.4±6.5) and for non-Hodgkin's lymphoma only
in women (1.6; 1.2±2.1). The association of obesity with risk of breast, prostate and pancreas cancers was
modi®ed by age.
Conclusions: Obesity is associated with more forms of cancer than previously reported.

Introduction

Because obesity is increasingly common among eco-
nomically developed populations its associated morbid-
ity deserves careful study. With prevalence rates
approaching or exceeding 30% among older age groups
in Europe and the United States [1±3], obesity has
become a major public health problem in developed
countries. Around the world the prevalence of obesity
has increased over time and appears to a�ect all age
groups, including children [4].
It is well documented that obesity predisposes to

diabetes, cardiovascular disease, and various digestive
and musculoskeletal disorders, and a positive associ-
ation has been reported between increasing body mass
index and overall mortality [5±8]. In contrast, the risks

of site-speci®c cancers associated with obesity are less
well established. Although numerous case±control and
cohort studies have investigated the relation of relative
body weight with selected major cancers [9], there
have been few long-term studies of cancer incidence or
mortality overall and by cancer site [5, 10, 11]. Indeed,
for some forms of cancer the relation to obesity has
not been adequately assessed.
Our aim was to study risk of total and site-speci®c

incident cancers in relation to obesity by comparing
cancer incidence in a large Swedish cohort of hospital-
ized patients with a discharge diagnosis of obesity and
with virtually complete follow-up extending up to 29
years, with cancer incidence in the general Swedish
population.
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Patients and methods

Study cohort

In Sweden there is virtually no private inpatient treat-
ment, thus hospital-provided medical services are pop-
ulation-based and referable to the county in which the
patient lives. In 1964±1965 the National Board of
Health and Welfare started collecting data on individual
hospital discharges in the Inpatient Register. In addition
to national registration numbers (unique personal iden-
ti®ers assigned to all Swedish residents), each record
contains administrative and medical data such as
hospital department and up to eight discharge diagnos-
es. The diagnoses are coded according to the seventh
revision of the International Classi®cation of Diseases
(ICD7) through 1968, the eight revisions until 1987, and
the ninth revision thereafter. The number of hospitals
delivering data to the register has increased steadily: the
register covered 60% of the Swedish population in
1969, 75% in 1978, and 85% by the end of 1983 [12].
From 1987 the register attained complete nationwide
coverage.
All patients recorded in the Inpatient Register with a

discharge diagnosis of obesity (ICD7 = 287.00, 287.09;
ICD8 = 277.99; ICD9 = 278A) were initially selected
for inclusion in the study. A total of 36,159 unique IDs
were registered at least once with a diagnosis of obesity
between 1965 and 1993.

Validity of obesity diagnosis

To facilitate generalization of our ®ndings we evaluated
the validity of the register data using 239 patients
randomly selected from the obesity cohort. The hospital
records for these patients were reviewed for data on
height, weight, and concomitant discharge diagnoses at
the time of the ®rst in-hospital diagnosis of obesity.
Body mass index (BMI) was calculated as weight/
height2 (kg/m2). Mean (�SD) and median of BMI was
used to characterize the patients. As a measure of
validity of the obesity diagnosis we calculated the
positive predictive value. For men, according to the
FAO/WHO/UNU Expert Consultation [13], a BMI
higher than 30.0 kg/m2 and for women BMI higher than
28.6 kg/m2 were classi®ed as obese; the corresponding
values for overweight are 25.0 kg/m2 and 23.8 kg/m2.
Medical records were retrieved for 221 (92.5%) of 239

patients (155 in referral hospitals, 66 in local hospitals).
At the time of the ®rst obesity diagnosis, information on
height and weight was available for a total of 165
patients, 86% of the men and 74% of the women.
Table 1 presents BMI values by age for adult (>18

years) men and women. In the study sample, 15% of the
men and 5% of the women had BMI values lower than
the cutpoint for obesity, i.e. the positive predictive value
of obesity diagnosis in our study was 85% in men and
95% in women. However, all patients were overweight.
We found no important di�erences in BMI between
cases in which obesity was the single diagnosis or the
®rst of several diagnoses. The median BMI was 35.3 kg/
m2 (range 27.5±50.8) among men assigned their ®rst
obesity diagnosis at departments of internal medicine,
38.1 kg/m2 (31.4±42.4) at surgical departments, and 32.8
kg/m2 (27.1±43.0) at a specialized obesity unit. For
women the corresponding median BMIs were 36.1 kg/
m2 (range 24.1±48.8), 36.1 kg/m2 (27.3±44.8), and 35.1
kg/m2 (30.1±48.4). Table 1 also shows the most frequent
accompanying diagnoses at ®rst hospitalization in rela-
tion to the BMI values. Among 17.1% of the men and
28.9% of the women there was no concomitant hospital
diagnosis.

Follow-up

Record linkage of the study cohort to the nationwide
Register of Causes of Death allowed us to identify
information on date of death among those deceased

Table 1. Body mass index (BMI) and positive predictive value (PPV)

of obesity as a discharge diagnosis, by gender and age in a sample of

165 patients from the Swedish Inpatient Register

BMI (kg/m2) PPV (%)

n Median Min±Max Mean 95% CI

Age groups (years)

Men

18±34 20 34.8 29.4±49.6 35.6 33.3±37.9 90

35±54 31 35.1 27.5±43.5 35.3 33.8±36.8 90

55± 31 31.8 27.1±50.8 33.7 31.8±35.6 77

All ages 82 33.7 27.1±50.8 34.8 33.7±35.8 85

Women

18±34 19 34.9 24.1±42.3 34.9 33.1±36.7 95

35±54 35 35.9 25.6±48.8 36.9 34.9±38.8 94

55± 29 35.9 27.3±48.8 36.4 34.4±38.3 97

All ages 83 35.3 24.1±48.8 36.3 35.2±37.3 95

Concomitant diagnoses

Men

Hyperlipidemia 20 31.7 27.5±37.9 32.2 30.8±33.5 75

Diabetes 17 32.8 29.1±49.6 34.6 32.1±37.1 88

Hypertension 15 35.6 28.5±43.0 35.1 33.2±36.9 93

None 14 35.8 29.4±42.0 35.8 33.6±38.0 93

Women

None 24 34.6 24.1±46.8 34.3 32.2±36.3 88

Hypertension 9 41.5 33.1±48.4 40.0 36.0±43.9 100

Diabetes 7 35.0 27.3±39.4 34.7 31.8±37.6 86

Osteoarthritis 7 34.2 33.7±47.0 36.2 32.6±39.8 100
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through 1993. Corresponding linkage to the Migration
Register identi®ed dates of emigration. The National
Swedish Cancer Register, founded in 1958 and close to
98% complete [14], was used to ascertain all incident
cancers from the start of follow-up until 31 December
1993. The Cancer Register coded malignant neoplasms
according to the ICD7 classi®cation during the entire
period of study.
To remove records with incorrect national registration

numbers, which would otherwise contribute person-
years at no risk of cancer, we also linked the cohort ®le
to the Register of the Total Population. If a national
registration number could not be found in this register,
or in the reports of death and emigration, we concluded
that it did not correspond to an existing person. We thus
excluded from the cohort 4799 records because of
erroneous or incomplete national registration numbers
or inconsistencies uncovered during record linkage. We
also excluded 1013 patients with prevalent cancers as
well as 200 patients with cancers that occurred in the
®rst year of follow-up (30,347 person-years) in order to
minimize the possible impact of selection and detection
biases. Such biases would occur if obese patients entered
the cohort because of subclinical cancer and were
diagnosed with cancer within 1 year, or if they received
a cancer diagnosis because of hospital workup. The
proportion of all cancers reported to the Cancer
Register that were ®rst detected at autopsy was about
8% in 1980 and 3.5% in 1993 [15]. The corresponding
proportion in the obesity cohort was 8%. Because
di�erences in autopsy rates between hospitalized pa-
tients with obesity and the general population might
bias the risk estimates, we excluded from the cohort 127
cancers diagnosed after death. Thus, a total of 28,129
patients were entered into the study cohort, which is
further characterized in Table 2.

Statistical analysis

Follow-up time (person-years) was calculated from the
date of entry into the cohort (date of the ®rst hospital
obesity diagnosis) until the occurrence of a ®rst cancer
diagnosis, emigration, death, or the end of the observa-
tion period (31 December 1993). The expected number
of cancers was calculated by multiplying the number of
person-years in each age-, gender, and calendar year
category by age (in 5-year groups), sex, and calendar
year-speci®c cancer incidence rates (excluding incidental
cancers discovered at autopsy) derived from the entire
Swedish population.
Certain diseases may be associated both with obesity

and with elevated risk of some cancers. A higher
prevalence of such conditions in the obesity cohort than
in the general population would exaggerate our esti-
mates of a relation between obesity and cancer. There-
fore, in separate analyses we strati®ed the patients as to
whether they had obesity as the only discharge diagnosis
or as one of several primary or secondary diagnoses.
Furthermore, because of ®ndings from an earlier Scan-
dinavian study [11], we performed strati®ed analyses of
patients with and without diagnoses of alcoholism or
liver cirrhosis with alcoholism. Since diabetes may be an
intermediate step in the causal pathway linking obesity
to certain cancers [16], we also performed separate
analyses for those with and without reported hospital
diagnosis of diabetes, to obtain a more valid estimate of
the excess risk associated with obesity per se. We did not
have any information from outpatient clinics concerning
diabetes diagnoses. In the strati®ed analyses, person-
years were allocated to the stratum without alcoholism/
diabetes until a subject received a discharge diagnosis of
alcoholism or diabetes.
Cancer risk was estimated as the standardized inci-

dence ratio (SIR), de®ned as the ratio of the observed
number of cancers to that expected. The 95% con®dence
interval (CI) of the SIR was calculated on the assump-
tion that the observed number follows a Poisson
distribution [17]. We used a chi-square statistic to test
for trends of SIRs that appeared to be monotonically
increasing or decreasing through age category [18].

Results

The study cohort, characterized in Table 2, comprised
8165 men and 19,964 women. A total of 1977 cancers
occurred during 1±29 years of follow-up covering
283,337 person-years at risk.
The risks for cancer sites with at least 10 observed

cases are presented in Table 3. Overall there was a 33%

Table 2. Characteristics of the obesity cohort in the Swedish Inpatient

Register 1965±1993 followed-up during 1±29 years through 1993

Characteristics Men Women All

No. of patients 8165 19,964 28,129

Mean age at entry, years 44.9 46.6 46.1

Mean calender year at entry 1980.0 1979.7 1979.8

Years of follow-up, mean 9.7 10.6 10.3

Person-years at risk 77,366.9 205,969.6 283,337

Obesity diagnosis at entry

Only 2108 7449 9557

Primary 1540 3726 5266

Secondary 4517 8789 13,306

Mean age at the ®rst cancer

diagnosis, years

65.3 64.6 64.8
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excess cancer incidence among obese persons, 25%
among men and 37% among women. For men and
women combined, signi®cant risk elevations were ob-
served for cancers of the colon (SIR = 1.3), larynx
(SIR = 2.1), brain (SIR = 1.5), and renal parenchyma
(SIR = 2.3). There was an excess risk of all lymphomas
combined (ICD7 code 200±202, SIR = 1.4; 95% CI
1.0±1.7).
Some cancer sites showed di�erences in risk between

men and women. Only men had signi®cantly increased
risks for cancers of the small intestine (SIR = 4.9), liver
(SIR = 3.6), and pancreas (SIR = 2.4), and for Hodg-
kin's disease (SIR = 3.3). Only women showed signif-
icantly increased risks for cancers of the gallbladder
(SIR = 1.7), urinary bladder (SIR = 1.4), and connec-
tive tissue (SIR = 2.1), and for non-Hodgkin's
lymphoma (NHL) (SIR = 1.6). However, with the
exception for pancreas cancer, none of the gender
di�erences in risk was statistically signi®cant. Cancers
of the female reproductive organs were associated with

obesity, with signi®cant excess risks for the endometrium
(SIR = 2.9), cervix (SIR = 1.4) and ovary (SIR = 1.2).

Strati®ed analyses

To assess possible confounding of cancer risk estimates
by concomitant diseases in the cohort, we analyzed
separately those patients with obesity as the only
discharge diagnosis on entry to the cohort. A total of
361 cancers occurred in this subcohort of 9557 patients
during 1±29 years of follow-up, with 99,829 person-
years of observation. The overall cancer risk was only
slightly lower in this subcohort of obese men and
women (SIR = 1.25; 95% CI 1.1±1.4) than for the
entire cohort.
A diagnosis of alcoholism (with or without cirrhosis)

was recorded among 1582 patients in the obesity cohort
(11.6% of men and 3.2% of women). We estimated risks
separately in strata with never/ever recorded diagnosis
of alcoholism. Those with a diagnosis of alcoholism

Table 3. Standardized incidence ratios (SIR) with 95% con®dence interval (CI) by sex for major cancer types during 1±29 years of follow-up

among patients with obesity (only ®rst cancers were counted and autopsy-incidental cancers were excluded)

Cancer site (ICD7-code) Men Women All

Observed SIR 95% CI Observed SIR 95% CI Observed SIR 95% CI

All cancer (140±209) 500 1.25 1.14±1.36 1477 1.37 1.30±1.44 1977 1.33 1.28±1.39

Buccal (140±148) 13 1.1 0.6±1.9 13 0.9 0.5±1.6 26 1.0 0.7±1.5

Stomach (151) 19 0.8 0.5±1.3 40 1.1 0.8±1.4 59 1.0 0.7±1.3

Small intestine (152) 9 4.0 2.2±9.3 8 1.9 0.8±3.7 17a 2.8 1.6±4.5

Colon (153) 33 1.2 0.8±1.6 109 1.3 1.1±1.6 142 1.3 1.1±1.5

Rectum (154) 30 1.5 1.0±2.1 44 1.0 0.7±1.4 74 1.2 0.9±1.4

Liver (155.0) 15 3.6 2.0±6.0 13 1.7 0.9±2.9 28 2.4 1.6±3.4

Gallbladder (155.1) 2 0.9 0.1±3.4 29 1.7 1.1±2.5 31 1.6 1.1±2.3

Extrahepatic bile ducts (155.2) 3 2.6 0.5±7.6 7 1.7 0.7±3.4 10 1.9 0.9±3.4

Pancreas (157) 29 2.4 1.6±3.4 34 1.1 0.8±1.5 63 1.5 1.1±1.9

Larynx (161) 9 1.9 0.9±3.6 4 2.5 0.7±6.4 13 2.1 1.1±3.5

Lung (162) 43 1.0 0.7±1.4 51 1.2 0.9±1.6 94 1.1 0.9±1.4

Breast (170) 2 3.0 0.3±10.9 309 1.1 0.9±1.2 311 1.1 1.0±1.2

Cervix uteri (171) ± ± ± 51 1.4 1.1±1.9 ± ± ±

Endometrium (172) ± ± ± 189 2.9 2.5±3.4 ± ± ±

Ovary (175) ± ± ± 77 1.2 1.1±1.5 ± ± ±

Prostate (177) 93 1.0 0.8±1.3 ± ± ± ± ± ±

Renal parenchyma (180.0) 25 2.0 1.3±3.0 55 2.4 1.8±3.2 80 2.3 1.8±2.8

Bladder (181) 32 1.1 0.8±1.6 35 1.4 1.0±1.9 67 1.2 1.0±1.6

Melanoma (190) 14 1.1 0.6±1.9 25 0.7 0.5±1.1 39 0.8 0.6±1.1

Nonmelanoma (191) 18 1.2 0.7±1.9 27 1.0 0.7±1.5 45 1.1 0.8±1.5

Brain (193) 19 1.6 1.0±2.5 47 1.5 1.1±1.9 66 1.5 1.2±1.9

Thyroid (194) 3 1.5 0.3±4.5 15 1.1 0.6±1.9 18 1.2 0.7±1.9

Connective tissue (197) 4 1.4 0.4±3.6 14 2.1 1.1±3.5 18 1.9 1.1±3.0

NHL (200 + 202) 9 0.7 0.3±1.3 43 1.6 1.2±2.1 52 1.3 1.0±1.7

Hodgkin's disease (201) 8 3.3 1.4±6.5 4 0.9 0.3±2.4 12 1.8 0.9±3.1

Multiple myeloma (203) 6 0.9 0.3±2.0 16 1.1 0.6±1.8 22 1.1 0.7±1.6

All leukemia (204) 15 1.4 0.8±2.3 24 1.2 0.7±1.7 39 1.2 0.9±1.7

a Eight adenocarcinoma, seven carcinoid, two leiomyosarcoma of the small intestine.
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experienced signi®cantly higher risks for all cancers
combined, and for cancers of the liver and pancreas,
than those without this diagnosis (con®dence intervals
not overlapping between those two subgroups)
(Table 4). No overall excess risk for breast cancer was
seen in either of these subcohorts.
In the obesity cohort 7193 patients (30.6% of the men

and 23.5% of the women) had a diagnosis of diabetes.
We studied risks in strata according to diabetes status as
recorded in the hospital. Those with a diagnosis of
diabetes had signi®cantly higher risk for all cancers
combined and for cancers of the liver and endometrium
(Table 5). Only six of 28 patients with liver cancer had
neither diabetes nor alcoholism/cirrhosis as co-diagnos-
es along with obesity.
Analysis by age at follow-up is presented in Table 6

for selected cancer sites. In obese women the incidence
of breast cancer was lower than expected in younger
women, and higher than expected in older women, who
showed a signi®cant trend with increasing age
(p = 0.0005). In contrast, a signi®cant decrease in the
excess risk with advancing age was observed for cancers
of the prostate (p = 0.04) and pancreas (p < 0.0001).

Discussion

This population-based Swedish cohort of hospitalized
patients diagnosed with obesity was followed up for 29
years, an observation time longer than other cohort
studies of obesity in the literature. Virtually all cohort
members met standard diagnostic criteria, and obesity

Table 4. Standardized incidence ratios (SIR) with 95% con®dence

intervals (CI) for selected cancers during 1±29 years of follow-up by

never/ever diagnosis of alcoholism with or without cirrhosis (autopsy-

incidental cancers excluded)

Cancer site No alcoholism,

n = 26,547

Alcoholism, n = 1582

Observed SIR 95% CI Observed SIR 95% CI

All cancer 1875 1.32 1.26±1.38 102 1.77 1.45±2.15

Small intestine 16 2.7 1.6±4.4 1 3.9 0.1±21.7

Colon 135 1.2 1.0±1.5 7 1.8 0.7±3.7

Liver 22 2.0 1.2±3.0 6 12.1 4.4±26.4

Gallbladder 31 1.7 1.1±2.4 0 0 0.0±8.0

Extrahepatic

bile ducts

10 1.9 0.9±3.5 0 0 0.0±21.6

Pancreas 55 1.3 1.0±1.7 8 5.0 2.2±9.8

Larynx 12 2.1 1.1±3.6 1 2.1 0.0±11.6

Lung 88 1.1 0.9±1.4 6 1.2 0.5±2.7

Breast 303 1.1 0.9±1.2 8 1.2 0.5±2.4

Endometrium 184 2.9 2.5±3.4 5 3.6 1.2±8.4

Prostate 85 1.0 0.8±1.3 8 1.0 0.4±2.0

Brain 65 1.5 1.2±2.0 1 0.5 0.0±3.0

Table 5. Standardized incidence ratios (SIR) with 95% con®dence

intervals (CI) for selected cancer sites during 1±29 years of follow-up

among obese patients without and with diabetes mellitus (autopsy-

incidental cancers excluded)

Cancer site No diabetes, n = 20,936 Diabetes, n = 7193

Observed SIR 95% CI Observed SIR 95% CI

All cancer 1408 1.26 1.20±1.33 569 1.54 1.42±1.68

Small intestine 13 2.9 1.5±4.9 4 2.5 0.7±6.5

Colon 91 1.1 0.9±1.4 51 1.7 1.3±2.3

Liver 8 0.9 0.4±1.8 20 6.3 3.8±9.7

Gallbladder 24 1.7 1.1±2.5 7 1.4 0.6±3.0

Extrahepataic

bile ducts

8 2.0 0.9±4.0 2 1.4 0.2±5.1

Pancreas 40 1.3 0.9±1.7 23 2.0 1.3±3.0

Breast 239 1.0 0.9±1.2 72 1.2 0.9±1.5

Endometrium 128 2.5 2.1±3.0 61 4.3 3.3±5.5

Prostate 56 0.9 0.7±1.2 37 1.2 0.8±1.6

Renal cell 55 2.1 1.6±2.8 25 2.7 1.8±4.0

Bladder 40 1.0 0.7±1.4 27 1.7 1.1±2.5

NHL 38 1.3 0.9±1.8 14 1.4 0.9±2.3

Table 6. Standardized incidence ratios (SIR) with 95% con®dence

interval (CI) for selected cancer sites by age at follow-up (cancer cases

diagnosed during ®rst year of follow-up and autopsy excluded)

Cancer site,

by age, years

Observed Expected SIR 95% CI

Breast (female)

£49 36 52.99 0.7 0.5±0.9

50±59 56 65.39 0.9 0.6±1.1

60±69 108 83.73 1.3 1.1±1.6

70+ 109 90.51 1.2 1.0±1.5

p-value for trend 0.0005

Endometrium

£59 59 23.11 2.6 1.9±3.3

60±69 73 23.23 3.1 2.5±4.0

70+ 57 18.47 3.1 2.3±4.0

p-value for trend 0.29

Prostate

£59 9 6.03 1.5 0.7±2.8

60±69 34 32.26 1.1 0.7±1.5

70±74 27 22.75 1.2 0.8±1.7

74±79 18 17.55 1.0 0.6±1.6

80+ 5 12.87 0.4 0.1±0.9

p-value for trend 0.04

Pancreas

£59 19 7.50 2.5 1.5±4.0

60±69 28 14.32 2.0 1.3±2.8

70+ 16 21.34 0.7 0.4±1.2

p-value for trend <0.0001

Renal cell

<60 26 10.31 2.5 1.6±3.7

60±69 30 12.64 2.4 1.6±3.4

70+ 24 12.08 2.0 1.3±3.0

p-value for trend 0.40
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was severe in many cases. Our results strongly support a
positive association between obesity and the risks of
several cancer sites. First, we quanti®ed the excess risks
previously established for cancers of the endometrium,
renal parenchyma and gallbladder, and clari®ed the
excess risks suspected for cancers of the colon, liver,
pancreas, urinary bladder, cervix uteri, ovary, brain and
Hodgkin's disease. Secondly, we found some new
positive associations, notably with cancers of the small
intestine, larynx, and with non-Hodgkin's lymphoma.
Overall, we observed a 33% increased risk for all
cancers; even after restricting the analysis to a subcohort
of patients with obesity as the only diagnosis the overall
excess cancer risk declined only slightly to 25%.
Exclusion of patients with alcohol-related diagnoses
had little e�ect on the overall cancer risk. However,
when hospital-diagnosed diabetics were excluded the
increased risk for liver cancer disappeared, while the
risks for certain other cancers were attenuated. An
excess risks of liver cancer in patients with diabetes has
been reported previously, but control for body weight
was not possible in that study [19].
Our study revealed an age-dependent e�ect of obesity

on breast cancer risk, consistent with previous studies
indicating a lowered risk in young women and an
elevated risk after menopause [11, 20]. For prostate
cancer there was no association overall, contrary to
results of a recent large prospective study [21], but a
positive relation was seen in cases diagnosed before age
60 and a negative relation after age 80. A similar age
pattern was previously reported from a record-linkage
cohort study inDenmark [11]. Also in agreement with the
Danish obesity cohort, we observed a signi®cant decline
in risk for pancreas cancer with increasing age [11].
Our results provide further evidence for the estab-

lished association between obesity and cancers of the
endometrium [22], gallbladder [23], and renal parenchy-
ma [24]. Although previous reports of renal cell cancer
have indicated a stronger association among overweight
women than men [24], our ®ndings suggest that among
clinically obese subjects the excess risk is similar in both
sexes. We also found excess risks for colon cancer as
reported in some but not all studies of this cancer [25].
In addition, we con®rmed the excess risks for cancers of
the liver, pancreas, and urinary bladder that were
reported in a Danish obesity cohort with up to 11 years
of follow-up [11]. The increased risk we observed for
pancreas cancer is also consistent with two recent case±
control studies [26, 27], although some earlier studies of
this tumor found no association with obesity [28±30].
We also noted excess risks for cancers of the cervix uteri,
ovary, brain and connective tissue, as reported in some
earlier studies [9, 11, 31]. In contrast to the inverse

associations reported in prospective studies between
BMI and mortality due to stomach and lung cancers [5,
32, 33], we did not observe any unusual risks for these
cancers, which agrees with results from the Danish study
[11]. Furthermore, we did not observe an excess risk for
thyroid cancer or multiple myeloma, in contrast to some
earlier reports [34±36]. The increased risk of Hodgkin's
disease associated with obesity in an earlier report [37]
was con®ned to men in our study.
To our knowledge, increased risks associated with

obesity have not been reported previously for cancers of
the small intestine and larynx, and these need further
evaluation. In a case±control study based on death
certi®cates and information obtained from next of kin,
no association was observed between BMI and cancers
of the small intestine [38], while a recent hospital-based
case±control study actually suggested an inverse rela-
tionship [39]. A signi®cant association between obesity
and non-Hodgkin's lymphoma was con®ned to women,
in our study, and thus may indicate a chance ®nding.
Advantages of this study include its population-based

character of hospitalized patients and ± a relatively large
number of cases for major forms of cancer as well as
high positive predictive value of obesity diagnoses.
Thus, underestimation of the excess risk due to misclas-
si®cation of obesity is likely to be small. However, the
reference population in our analyses of the standardized
incidence ratios was the general adult Swedish popula-
tion, not a population with normal weight, so that the
true excess risks associated with obesity may be under-
estimated [40]. For comparison, in the 1980, the mean
BMI in the general Swedish population aged 45±64
years, corresponding to our obesity cohort (mean age at
entry 46 years and at cancer diagnosis 65 years), was
25.4 kg/m2 among men [2] and 24.7 kg/m2 among
women [3]. Furthermore, the prevalence of obesity
among Swedish men (BMI > 30 kg/m2) was 9.8% [41]
and among Swedish women (BMI > 28.6 kg/m2)
19.9% [41].
Although we observed almost 2000 cancers overall,

the number of subjects was small for many cancer sites,
limiting the statistical power to detect some associations.
In addition, because of the multiple comparisons per-
formed, it is possible that some of our ®ndings are due
to chance. Another concern in linked-registry studies is
the possibility of confounding by associated conditions
such as alcoholism, diabetes or other unmeasured
factors in a cohort of hospitalized subjects [42]. High
alcohol consumption, as a source of extra calories,
might contribute to obesity [43, 44], and alcohol is an
independent etiologic factor for several cancer sites
including the larynx [45], which showed an elevated risk
in our study. In fact, the risks for all cancers combined,
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and for liver and pancreatic cancers, tended to be higher
in the subcohort of obese persons who also had a
diagnosis of alcoholism. Because the overall cancer risk
in the subcohort without associated diagnoses was only
marginally lower than in the entire cohort, it is possible
that some subjects in this group had unrecognized
alcoholism or high alcohol consumption that might
confound the results. On the other hand, a linked-
registry study of alcoholics in Sweden found little
evidence of elevated risks for obesity-related cancer
sites [46]. Moreover, it should be noted that those
subjects with diabetes that was mild or unrecognized, or
that arose after entry to the cohort, might be prevalent
in the subcohort without a recorded diagnosis of
diabetes.
Several mechanisms may explain the association

between obesity and the risk of various cancers, partic-
ularly those that may result from increased cell prolif-
eration [47, 48]. In particular, obesity is associated with
insulin resistance, compensatory hyperinsulinemia and
increased growth factor production [49, 50], which in
turn may stimulate mitogenesis and carcinogenesis [51±
53]. The higher risks we observed for liver and pancreas
cancers among men compared with women are paral-
leled by higher plasma insulin concentrations observed
among obese men versus women [54, 55]. In fact, our
results for liver cancer suggest that diabetes (or its
treatment), along with alcoholism, account for the
association with obesity.
An association between obesity and hormone-depen-

dent cancers (e.g. breast, endometrium, prostate) seems
biologically plausible. Among postmenopausal women
the nearly-exclusive source of estrone is aromatization
of plasma androstenedione in adipose tissue [56]. As a
result, obese women have higher serum estrone and
estradiol levels [57±59] and decreased levels of sex-
hormone binding globulin (SHBG), leading to an
increase in the amount of bioavailable estrogen [56,
60] that contributes to the risk of breast and endometrial
cancer. Obese men also have lower levels of SHBG as
well as testosterone [61]. In fact, the age-dependent e�ect
of obesity on prostate cancer risk we observed is
compatible with ®ndings from a prospective study [62]
suggesting that low levels of SHBG are a risk factor for
prostate cancer in younger men, while low levels of
testosterone are protective in older men. Other studies
[63, 64] have also reported that the association of
testosterone levels with subsequent risk of prostate
cancer is greater among older men.
Obesity is also associated with several behaviors/

lifestyles which may predispose to cancer. In particular,
low physical activity is linked to obesity [43] and may
contribute to the increased risks for colon cancer and

possibly breast, endometrial, and prostate cancers [65±
73]. Obese persons are also reported to consume more
calories and fat, and less ®bre [74], which may contrib-
ute to the risks of some cancers [45]. In addition, obese
individuals tend to have lower blood levels of antiox-
idants [75, 76], perhaps due to lower consumption of
fruits and vegetables that are considered protective for
several cancer sites [45]. In Sweden, obese individuals
also consume fewer vitamin supplements, including
antioxidants such as vitamin C [80]. Moreover, obesity
has been associated with decreased immune response
[78, 79], which may contribute to the increased risks of
lymphoma in our cohort.
In conclusion, this nationwide, population-based

study of clinically obese patients indicated an excess
risk of all cancers combined. We con®rmed the
established relation of obesity with endometrial, gall-
bladder, and renal cell cancers, and provided further
evidence that the increased risk of breast cancer
among obese women is restricted to postmenopausal
women. Moreover, there was a positive association of
obesity with cancers of the colon, pancreas, cervix
uteri, ovary, urinary bladder, brain and connective
tissue as reported in some previous studies. The excess
risk we noted with liver cancer may be explained by
concomitant diagnoses of diabetes and alcoholism.
Not previously reported were the excess risks for
cancers of the small intestine and larynx, and for
Hodgkin's disease and non-Hodgkin's lymphomas.
These associations deserve further investigation, as
does the age-dependent e�ect of obesity on the risk of
prostate and pancreas cancers.
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