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BACKGROUND: The use of bariatric surgery has been increasing over the last several years in response to the
obesity epidemic, and the objective of this study was to report on the types of cancer in morbidly
obese women undergoing bariatric surgery and compare these with types of cancer in obese
women without surgery.

STUDY DESIGN: A retrospective, observational study was conducted. The bariatric surgery database identified
women who underwent operations between 1990 and 2006 at the University of Virginia.
Medical records and the institution’s and state’s cancer registries were searched for demograph-
ics and cancer data. Morbidly obese patients not undergoing bariatric surgery were used for
comparison.

RESULTS: There were 1,482 women who had bariatric surgery, and 53 of these (3.6%) were diagnosed
with cancer. The most common cancer site was the breast (n � 15, 28.3%) followed by the
endometrium (n � 9, 17%) and the cervix (n � 6, 11.3%). The mean age at cancer diagnosis
was 39.4 years. Most cancers (n � 34, 64.1%) were diagnosed before the bariatric surgery.
Bariatric surgery patients with cancer were older than noncancer patients at time of surgery
(mean age 44.7 versus 41.6 years; p � 0.019), but otherwise did not differ significantly with
regard to race, body mass index, or comorbid conditions. Compared with a control group of
3,495 morbidly obese women who had not undergone bariatric surgery, the surgery patients
had fewer cancers (3.6% versus 5.8%, p � 0.002), were younger (41.7 versus 46.9 years, p �
0.001), and were younger at cancer diagnosis (45.0 versus 56.8 years, p � 0.001). The most
frequent cancers in the control obese women were endometrial, ovarian, and breast cancer. Both
groups of obese women with endometrial, breast, ovarian, and colorectal cancers were younger
at diagnosis compared with Virginia Cancer Registry means.

CONCLUSIONS: Breast and endometrial cancers remain the most common types in obese women and may occur
at young ages; bariatric surgery may decrease cancer development in obese women. (J Am Coll

Surg 2009;208:1093–1098. © 2009 by the American College of Surgeons)
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besity in the US has become a national public health
risis. Currently about 65% of US adults are overweight
nd 30% of these individuals are obese, based on body mass
ndex (BMI).1 Obesity is associated with an increased prev-
lence of multiple diseases such as hypertension, diabetes,
ardiovascular disease, and cancer. Additionally, the in-
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reased mortality from diseases associated with excess body
ass has also been well established. Recently, poor diet and

hysical inactivity were calculated to be the second leading
ause of death in the US.2,3 When looking at obesity-
elated deaths from cancer alone, Calle and colleagues4 es-
imated that 90,000 deaths a year could be prevented if
en and women maintained a normal weight.
Studies of the association of cancer with obesity have

dentified several sites with increased prevalence and
ortality.4-9 Bergstrom and associates5 assessed the impact

f obesity on cancer in Europe and concluded that cancers
f the endometrium, kidney, and gallbladder showed the
trongest relationship to excess weight; the most attribut-
ble cases were from colon cancer. For women, there is a
articularly strong association between obesity and post-
enopausal breast cancer and gynecologic cancers, specif-
cally, endometrial cancer.10 Furthermore, after evaluating
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he prevalence of cancer in Italian morbidly obese patients,
oru and coworkers6 concluded that hormone-related tu-
ors were the most prevalent type of cancer and that the

reast was the most frequent site.The cause of the increased
isk of cancers at these sites is not completely understood,
ut it is postulated to be secondary to metabolic and hor-
onal changes from increased food intake and increased

diposity. Factors that may play a role include elevated
ormone levels, insulin, and insulin-like growth factor
IGF-1).11

Bariatric surgery is emerging as a popular treatment op-
ion for patients who are morbidly obese as the incidence of
besity rises. Unfortunately, diet and exercise alone have
roved largely ineffective for attaining significant and sus-
ained weight loss, and experts estimate that people who
ave a BMI � 50 kg/m2 have only a 3% to 5% chance of

osing weight with these methods.12 In contrast, bariatric
urgery studies report an average loss of 65% of excess
eight 1 year after gastric bypass and an average loss as high
s 50% to 60% of excess weight 3 years after adjustable
astric banding.12 In 2004, there were 121,055 bariatric
rocedures performed in the US, and demand is continu-
ng to increase.13 Early bariatric surgical techniques such as
ejunoileal bypass produced unexpected metabolic compli-
ations, demonstrating that bariatric surgery results not
ust in weight loss, but also involves alterations of metabolic
rocesses.12

Currently there is a dearth of information about the
ffects that these metabolic alterations and weight loss may
ave on development of obesity-related cancers. Although
besity is clearly linked to the development of cancer, what
emains unclear is the importance of the timing of obesity
nd whether subsequent weight loss could decrease risk.
he International Agency for Research on Cancer (IARC)
orking Group on the evaluation of cancer preventative

trategies concluded that there is inadequate evidence in
umans for a cancer-preventive effect of intentional weight

oss for any cancer site.14 So it is imperative to study the
ariatric surgery population to determine if there is any
hange in cancer risk after bariatric surgery, or if the risk for
besity-related cancers remains the same. The purpose of
his study was to report on the number and types of cancer
n morbidly obese women who underwent bariatric surgery
t the University of Virginia and to compare them with a
ontrol population.

ETHODS
nstitutional Review Board approval was obtained from the
niversity of Virginia Health System and from the Vir-

inia Department of Health. The University of Virginia

urgery Department Database was used to identify all 1
emale patients who underwent bariatric surgery from
990 to 2006. Data abstracted from the University of Vir-
inia Surgery Department Database included date of
irth, date of operation, height, weight, BMI, procedure
erformed, and postoperative complications. The weight
nd height from the time of operation were used to calcu-
ate BMI in kg/m2. The World Heath Organization defines
ormal body weight as a BMI of 18 to 24.9 kg/m2, over-
eight is 25 to 29.9 kg/m2, obese class I is 30 to 34.9
g/m2, obese class II is 35 to 39.9 kg/m2, and obese class III
s � 40 kg/m2. Additional health information about post-
perative complications, comorbid diagnoses, and race was
btained from patient charts and from the University of
irginia’s Clinical Data Repository (CDR). The CDR is a

esearch data warehouse that integrates clinical, adminis-
rative, and financial data from multiple information sys-
ems within the University of Virginia Health System.15

dditionally, a convenience control population of women
ith a diagnosis of morbid obesity was created through the
DR between 2001 and 2006 and assessed for the most

requent cancers and age at cancer diagnosis for a compar-
son group.

Patients diagnosed with cancer were identified through
he University of Virginia’s Cancer Registry, the CDR, and
he Virginia Cancer Registry. The Virginia Cancer Registry
s maintained by the Virginia Department of Health and is

statewide registry of data on individuals diagnosed or
reated in Virginia or Virginia residents who received can-
er care out of state. Data abstracted from the University of
irginia’s Cancer Registry and the Virginia Cancer Regis-

ry records included diagnosis date, age at diagnosis, tumor
ite, and histology. Patients with a history of cancer were
lso identified through the CDR, and patient charts were
sed to provide additional information about diagnosis
ate, site, and histology. Unfortunately, no weight data are
ollected as part of these databases so a statewide control
opulation of overweight women is not available.
Statistical analysis was performed using SPSS 16.0 (SPSS

nc). Independent sample t-tests and chi-square tests were
sed to evaluate differences between groups. For all tests, p �
.05 was considered statistically significant.

ESULTS
etween 1990 and 2006, 1,482 women had bariatric sur-
ery at the University of Virginia. The mean patient age
as 41.7 years (range 18 to 69 years), the majority were
aucasian (86%), and the most common bariatric proce-
ure performed was a laparoscopic gastric bypass (62%)
Table 1). The mean BMI was 51.6 kg/m2 (range 26.3 to
05 kg/m2). Of the 1,480 patients with BMI recorded,

,405 (94.9%) were morbidly obese at the time of opera-
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ion (BMI � 40 kg/m2). We were unable to obtain records
f patient BMI from the time of cancer diagnosis, so the
MI from the time of bariatric surgery was used for statis-

ical analysis.
Of the 1,482 bariatric surgery patients, 53 (3.6%) were

iagnosed with invasive cancer. The most common cancers
ound mirrored previous findings for obesity-related can-
ers, with breast (15 patients) and endometrium (9 pa-
ients) being the most common sites. The site-specific can-
ers are reported in Table 2. The mean age at time of cancer
iagnosis was 39.4 years and the median age was 40 years.
Thirty-four cancer patients (64.1%) were diagnosed

nd treated before their bariatric surgery and for these
atients, the mean age at the time of cancer diagnosis was
5.8 years. The average interval between cancer diagnosis
nd bariatric surgery was 9.9 years. Seventeen cancer pa-

able 1. Clinical Characteristics of Women Undergoing Bari-
tric Surgery
haracteristic n %

ean age 41.7 y (range 18–69 y) 1,482 100
ace
Caucasian 1,278 86.2
African American 199 13.4
Other 4 0.3
Unknown 1 0.1

MI range, kg/m2

25–29.9 1 0.1
30–34.9 4 0.3
35–39.9 70 4.7
40–49.9 659 44.5
50–59.9 480 32.4
60 or higher 266 17.9
Unknown 2 0.1

omorbid conditions
Hypertension 672 45.3
Type 2 diabetes 333 22.5
Dyslipidemia 221 14.9
Asthma 146 9.9
Heart disease 53 3.6
More than 2 conditions 414 27.9

rocedures
Laparoscopic gastric bypass 915 61.7
Gastric bypass 405 27.3
Laparoscopic conversion gastric bypass 66 4.5
Laparoscopic adjustable gastric band 57 3.8
Vertical banded gastroplasty 26 1.8
Revision of previous procedure 9 0.6
Laparoscopic vertical banded gastroplasty 2 0.1
Reverse jejunal bypass 2 0.1

MI, body mass index.
ients (32%) were diagnosed after bariatric surgery was c
erformed and the average interval between cancer diagno-
is and bariatric surgery was 4.2 years. One patient (1.9%)
as diagnosed during the preoperative workup, and the

ime of cancer diagnosis was unknown for one patient
1.9%). The majority of gynecologic cancers were diag-
osed before the operation (85% preoperative diagnosis);
reast cancers were almost equally distributed (46.7% pre-
perative and 53.3% postoperative).

Clinical characteristics of bariatric surgery patients with
nd without cancer were compared using t-tests and chi-
quare analysis. The only statistically significant difference
ound between groups was that cancer patients were older
han noncancer patients at the time of bariatric surgery
mean age 44.7 versus 41.6 years; p � 0.019). No signifi-
ant differences were found between the groups for race,
MI at time of operation, type of operation, or comorbid
onditions.

A control population of 3,495 women with morbid obe-
ity who had not undergone bariatric surgery was identified
sing the CDR. The average age of this control population
from the date of first recorded diagnosis of morbid obe-
ity) was significantly older than the bariatric surgery pop-
lation (46.9 versus 41.7 years; p � 0.001), and a higher
ercentage of the control women were diagnosed with can-
er (5.8% versus 3.6%; p � 0.002). For the entire popula-
ion of women with cancer, women undergoing bariatric
urgery were younger (39.4 versus 56.8 years; p � 0.001)
nd had an increased BMI (52.2 versus 46.1 kg/m2; p �
.001) when compared with women who had not had
ariatric surgery. Obese women with cancer in both of
hese populations were compared with the Virginia State
ancer Registry average age of cancer diagnosis for the
ost common cancers identified (Table 3). The obese
omen with cancer (both with and without bariatric sur-
ery) were younger than the Virginia Cancer registry aver-
ge age at diagnosis for virtually all cancers.

ISCUSSION
he results of this study demonstrated that hormonally

esponsive tumors, specifically gynecologic and breast, are
he most prevalent cancers in this population of obese women.
hese findings are consistent with previous reports on the
revalence of site-specific cancers in obese patients.1,4-11 The
ost frequent cancer in our bariatric surgery population
as breast (28.3%), followed by endometrial (17%), and

his was mirrored in our control group, in which the
ost common cancers were endometrial (62.3%), breast

9.4%), and ovarian (9.9%). Two notable findings were
he strikingly young age of the endometrial cancer patients
ith bariatric surgery (mean age, 35.3 years), and the ex-
eedingly high BMI of those same patients (mean BMI,
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0.1 kg/m2).This younger age may reflect an age migration
econdary to the impact of obesity or may be a surrogate
arker for a dose response for obesity given the average
MI of 60 kg/m2. Compared with either our control pop-
lation of morbidly obese women or the Virginia Cancer
tate Registry, the average age of endometrial cancer diag-
osis in bariatric surgery patients was still 20 years younger
35 years versus 58 years versus 63 years, respectively).
tudies in the 1970s report only 2% to 3% of endometrial
ancers in women younger than 40 years of age.16,17 But

able 3. Comparison of Ages at Cancer Diagnosis in Differe

elected cancer sites
UVA bariatric surgery population*

(n � 53), mean age at diagnosis, y

ynecologic
Endometrium 35.3
Cervix 32.5
Vulva 27.6
Ovary 39.5

reast 46
elanoma 44.3
olorectal 44
hyroid 25
ll cancers 39.4

Derived from 1,482 women undergoing bariatric surgery who were diagnos
Derived from 3,495 women diagnosed with morbid obesity at UVA betwee
Average age of diagnosis from Virginia Cancer registry from 2001 to 2005,

able 2. Sites of Cancer in 53 Bariatric Surgery Patients

ite n Age, y (SD)*

ynecologic 20 33.8 (9.1)
Endometrium 9 35.3 (5.8)
Cervix 6 32.5 (9.2)
Vulva 3 27.6 (3.1)
Ovary 2 39.5 (26.1)

reast 15 46 (5.6)
elanoma 4 44.3 (11)

kin, other 3 37.5 (3.5)
ranial meninges 2 43 (24)
olorectal 2 44 (1.4)
hyroid 2 25 (17)
arotid gland 1 34
idney 1 46
raniopharyngeal duct 1 42
pinal cord 1 47
nknown primary 1 45

Mean age at time of cancer diagnosis.
Mean BMI at time of bariatric surgery.
Cancer diagnosis made either pre (before bariatric surgery was performed) o
MI, body mass index.
VA, University of Virginia.
nother recent report from Kentucky found that although
he mean age of women diagnosed with endometrial cancer
as 63 years, the percentage of women under 40 years was
ow 5.6%.18 Taken together, these data underscore the im-
ortance of heightened awareness of the potential for can-
er in young obese women, especially those women under-
oing bariatric surgery because they may have the most
rofound risk.
Obesity results in a profound change in the hormonal
ilieu, with effects on circulating peptide and steroid hor-

opulations
UVA morbidly obese control

population† (n � 203), mean
age at diagnosis, y

Virginia Cancer Registry,‡

mean age at diagnosis, y

57.9 62.6
46.8 49.8
62.8 58.3
51.0 61.9
57.3 60.2

None diagnosed 57.2
55.0 68.6
53.2 47.4
56.8 N/A

th cancer.
1and 2006 who were also diagnosed with cancer.
ed May 2008.

BMI, kg/m2 (SD)†
Time of diagnosis in relation

to bariatric surgery‡

55.1 (11.2) 17 pre, 3 post
60.1 (6.4) 8 pre, 1 post
53.9 (12.9) 5 pre, 1 post
46.7 (4) 3 pre
49.2 (2.6) 1 pre, 1 post
51.1 (11.2) 7 pre, 8 post
50.4 (11.8) 2 pre, 2 post

43 (6.2) 1 pre, 1 post, 1 unknown
50.8 (5.4) 1 pre, 1 work-up
52.5 (19) 1 pre, 1 post

46 (2.8) 2 pre
55 1 pre
60 1 pre
55 1 post
49 1 pre
57 1 post

(after bariatric procedure), or work-up (during the preoperative work-up).
nt P

ed wi
n 200
access
r post
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ones and their binding factors, and these changes may be
artially corrected with weight loss. Obese patients have
ncreased estrogen levels because of conversion of circulat-
ng androgens by increased aromatase activity in peripheral
dipocytes. Also, there is an increase in adrenal and ovarian
ecretion of hormones and decreased progesterone produc-
ion because of decreased ovulation. Increasing BMI also
esults in a linear increase in circulating levels of insulin,
hich causes chronic hyperinsulinemia and subsequent in-
ibition of hepatic synthesis of sex hormone-binding glob-
lin. With a decrease in the production of sex hormone-
inding globulin there is an increase in free steroid
ormone levels. Overall, there is an increase in unopposed
strogen that can promote cancer in hormonally responsive
issue.10,11

Patients who achieve weight loss from bariatric surgery
ave demonstrated improvements in a variety of metabolic
onditions such as hypertriglyceridemia, low levels of high-
ensity lipoprotein (HDL), elevated cholesterol, and type 2
iabetes.19 Adams and colleagues20 reported that bariatric
urgery patients had a 40% decrease in longterm mortality
rom any cause, and a 60% decrease in longterm mortality
rom cancer. But the prevalence of cancer in the postbari-
tric surgery patient population was not reported and it is
nknown if metabolic changes related to weight loss re-
ulted in lower rates of cancer development, or if having a
ower BMI resulted in earlier diagnosis or improved treat-

ent outcomes. Our finding that one-third of our patients
ere diagnosed with cancer after their bariatric surgery, and
resumed metabolic improvements, points to the need for
ontinued and careful screening of this patient population
o ensure early tumor detection. Although not conclusive,
he fact that most of our women with bariatric surgery were
iagnosed before their operation and the fact that fewer
ariatric patients were diagnosed with cancer compared
ith their obese counterparts may lend support to the hy-
othesis that bariatric surgery could be protective for
besity-related cancers.

Certain limitations are present in this study. We were
nable to obtain BMI and weight of patients at the time of
heir cancer diagnosis, so we do not know if the patients
ere obese when they were diagnosed with cancer. Addi-

ionally we do not have information about weight loss after
peration, so it was not possible to examine the impact that
eight loss may have had on reducing the prevalence of

ancer. Finally, we obtained cancer diagnosis information
nly from Virginia-based cancer registries and the medical
ecords at our institution. It is possible that patients were
reated for cancer in different states, and we were unable to

ccess that information.
This study highlights the fact that morbid obesity places
omen at risk for cancer and those cancers may occur at

arlier ages. Physicians may want to consider increasing
heir index of suspicion for cancers in their morbidly obese
atients. Breast and endometrial cancers remain the most
ommon types in obese women and may occur at young
ges; bariatric surgery may decrease cancer development in
bese women. This supports previous findings of hormone
ependent tumors in obese patients and illustrates the con-
inued need for information about the effects of metabolic
lterations and weight loss on the development of obesity-
elated cancers.

uthor Contributions

tudy conception and design: Modesitt
cquisition of data: McCawley, Ferriss, Geffel, Northup
nalysis and interpretation of data: Modesitt, McCawley
rafting of manuscript: McCawley, Modesitt
ritical revision: McCawley, Ferriss, Geffel, Northup, Modesitt

EFERENCES

1. Hedley AA, Ogden CL, Johnson CL, et al. Prevalence of over-
weight and obesity among US children, adolescents, and adults,
1999–2002. JAMA 2004;291:2847–2850.

2. Mokdad AH, Marks JS, Stroup DF, Gerberding JL. Actual
causes of death in the United States, 2000. JAMA 2004;291:
1238–1245.

3. Mokdad AH, Marks JS, Stroup DF, Gerberding JL. Correction:
actual causes of death in the United States, 2000. JAMA 2005;
293:293–294.

4. Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Over-
weight, obesity, and mortality from cancer in a prospectively
studied cohort of U.S. adults. N Engl J Med 2003;348:1625–
1638.

5. Bergstrom A, Pisani P, Tenet V, et al. Overweight as an avoid-
able cause of cancer in Europe. Int J Cancer 2001;91:421–430.

6. Boru C, Silecchia G, Pecchia A, et al. Prevalence of cancer in
Italian obese patients referred for bariatric surgery. Obes Surg
2005;15:1171–1176.

7. Jonsson F, Wolk A, Pedersen NL, et al. Obesity and hormone-
dependent tumors: cohort and co-twin control studies based on
the Swedish Twin Registry. Int J Cancer 2003;106:594–599.

8. Kuriyama S, Tsubono Y, Hozawa A, et al. Obesity and risk of
cancer in Japan. Int J Cancer 2005;113:148–157.

9. Wolk A, Gridley G, Svensson M, et al. A prospective study of
obesity and cancer risk (Sweden). Cancer Causes Control 2001;
12:13–21.

0. Modesitt SC, van Nagell JR Jr. The impact of obesity on the
incidence and treatment of gynecologic cancers: a review. Obstet
Gynecol Surv 2005;60:683–692.

1. Calle EE, Thun MJ. Obesity and cancer. Oncogene 2004;23:
6365–6378.

2. Schirmer B. Morbid obesity. In: Townsend CM, Beauchamp
RD, Evers BM, Mattox KL, eds. Sabiston textbook of surgery.

17th ed. Philadelphia, PA: Elsevier;2004:357–399.



1

1

1

1

1

1

1

2

1098 McCawley et al Cancer in Obese Women J Am Coll Surg
3. Zhao Y, Encinosa W. Bariatric surgery utilization and outcomes
in 1998 and 2004. In: Quality AFHRa, ed. Vol Statistical Brief
#23;2007:7.

4. Vaino H, Bianchini F. IARC handbooks of cancer prevention.
Weight control and physical activity. Vol 6. 1st ed. Lyon, France:
International Agency for Research on Cancer; 2002.

5. Einbinder JS, Scully KW, Pates RD, et al. Case study: a data
warehouse for an academic medical center. J Healthc Inf Manag
2001;15:165–175.

6. Crissman JD, Azoury RS, Barnes AE, Schellhas HF. Endome-
trial carcinoma in women 40 years of age or younger. Obstet

Gynecol 1981;57:699–704.
7. Gallup DG, Stock RJ. Adenocarcinoma of the endometrium in
women 40 years of age or younger. Obstet Gynecol 1984;64:
417–420.

8. Modesitt SC, Huang B, Shelton BJ, Wyatt S. Endometrial can-
cer in Kentucky: The impact of age, smoking status, and rural
residence. Gynecol Oncol 2006;103:300–306.

9. Shah M, Simha V, Garg A. Review: long-term impact of bariat-
ric surgery on body weight, comorbidities, and nutritional sta-
tus. J Clin Endocrinol Metab 2006;91:4223–4231.

0. Adams TD, Gress RE, Smith SC, et al. Long-term mortality
after gastric bypass surgery. N Engl J Med 2007;357:753–

761.
NOTICE TO AUTHORS
Surgeon at Work articles submitted after October 31, 2007 will

no longer be published in the print Journal. They will be
published ONLINE ONLY and referenced in the table of contents

with an “e-page” number. We encourage multimedia
submissions (see Instructions for Authors at

www.journalacs.org)


	Cancer in Obese Women: Potential Protective Impact of Bariatric Surgery
	METHODS
	RESULTS
	DISCUSSION
	Author Contributions

	REFERENCES


