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The Effect of Body Mass Index on Survival in Advanced Epithelial 
Ovarian Cancer

Controversy remains regarding the effect of obesity on the survival of patients with ovarian 
cancer in Asia. This study examined the impact of obesity on the survival outcomes in 
advanced epithelial ovarian cancer (EOC) using Asian body mass index (BMI) criteria. The 
medical records of patients undergoing surgery for advanced (stage III and IV) EOC were 
reviewed. Statistical analyses included ANOVA, chi-square test, Kaplan-Meier survival and 
Cox regression analysis. Among all 236 patients, there were no differences in overall 
survival according to BMI except in underweight patients. In a multivariate Cox analysis, 
surgical optimality and underweight status were independent and significant prognostic 
factors for survival (HR, 2.302; 95% CI, 1.326-3.995; P = 0.003 and HR, 8.622; 95% CI, 
1.871-39.737; P = 0.006, respectively). In the subgroup of serous histology and optimal 
surgery, overweight and obese I patients showed better survival than normal weight 
patients (P = 0.012). We found that underweight BMI and surgical optimality are 
independent risk factors for the survival of patients with advanced ovarian cancer. High 
BMI groups (overweight, obese I and II) are not associated with the survival of advanced 
EOC patient. However, in the subgroup of EOC patients with serous histology and after 
optimal operation, overweight and obese I group patients show better survival than the 
normal weight group patients.
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INTRODUCTION

Ovarian cancer is a highly fatal gynecologic cancer and the fifth 
leading cause of cancer mortality in women, with 14,030 deaths 
occurring in the United States per year (1). In Korea, ovarian can-
cer is the ninth leading cause of death with an age-standardized 
cancer mortality rate of 2.3 per 100,000 women during 2010 (2). 
Most cases of ovarian cancer are discovered at an advanced 
stage and quickly progress, resulting in a poor outcome. The 
National Cancer Institute’s Surveillance, Epidemiology, End 
Results Program (SEER) reported that 68% of ovarian cancer 
cases diagnosed during 2002-2008 presented at the late distant 
stage with very low 5-yr survival rates ( < 26%) (3). Due to the 
rapid progression and low survival rate, there is usually only a 
short window of time to evaluate the environmental factors af-
fecting the course of the disease.
 Obesity is a health problem with increasing prevalence and 
is directly related to various morbidities. Among gynecologic 
cancers, hormone-related cancers such as endometrial cancer 
and breast cancer are associated with obesity (4). Recently, there 
have been some epidemiologic and experimental studies indi-
cating that abdominal adiposity and weight gain increase ovar-

ian cancer risk. They may also increase tumor invasiveness and 
tumor cell migration in various cancer types (5, 6). However, 
there have been only a few clinical studies determining the role 
of obesity in ovarian cancer outcomes.
 Advanced ovarian cancer patients are frequently found in a 
cachectic state with ascites which may contribute significantly 
to body weight, but do not counted as real body mass. Most pa-
tients with ovarian cancer are operative candidates who then 
receive adjuvant chemotherapy, which can jeopardize their 
health status. In Asian populations, the categorizing standard of 
obesity is different from that applied to people of Western pop-
ulations, and the incidence of comorbidities is different (7, 8). 
Therefore, there is still some question regarding whether obesi-
ty truly has an adverse effect on the outcome of ovarian cancer 
among Asian patients.
 The aim of this study was to analyze the relationship between 
obesity and the survival of patients with advanced epithelial 
ovarian cancer in Korean population. 

MATERIAL AND METHODS

A total of 236 patients who underwent staging laparotomy for 
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advanced (stage III and IV) EOC between January 2000 and 
February 2009 were included. Medical records of 320 patients 
were retrieved from Korea University Anam Hospital (86 pa-
tients), Korea University Guro Hospital (44 patients), Gachon 
University Gil Medical Center (120 patients), Kyung Hee Medi-
cal center at Gangdong (22 patients) and CHA University Hos-
pital (48 patients), Korea. All cases were reviewed for height, 
weight, age, comorbidities and treatment-specific details. Pa-
tients with a non-epithelial tumor histology, synchronous or 
metachronous tumors, borderline tumors and early stage (stage 
I and II) ovarian cancer were excluded. Other patients with a 
different chemotherapy regimen or with missing data were also 
excluded. Patients who did not complete at least six cycles of 
chemotherapy were excluded.
 The patients’ primary surgery was performed at the gyneco-
logical department of one of the five different hospitals, and the 
staging procedure was done at the time of surgery. Cytoreduc-
tive surgery was considered to have achieved optimal debulk-
ing when the residual disease was < 1 cm. Postoperatively, all 
patients received at least six cycles of taxane-platin based che-
motherapy. Four patients had three or fewer cycles of neoadju-
vant chemotherapy before staging operation and no patient had 
intraperitoneal chemotherapy. 
 Recurrence was defined as the earliest date when abnormal 
findings were detected on a follow-up CT scan. Time of survival 
was defined as the time from diagnosis to recurrence for pro-
gression free survival (PFS), and from diagnosis to death irre-
spective of cause for overall survival (OS). For censored cases 
survival was calculated from the last clinical visit. 
 Patients were evaluated for complications, rates of optimal 
debulking (residual disease < 1 cm), PFS, OS and platinum sen-
sitivity, i.e. recurrence more than 6 months from completion of 
platinum-based chemotherapy.
 Body weight and height were checked at diagnosis which 
means within three months before operation. Body mass index 
(BMI) was calculated using the Quetelet’s index expressed in 
kg/m2 and categorized into five groups: underweight (BMI <  
18.5), normal (18.5 ≤ BMI < 23), overweight (23 ≤ BMI < 25), 
obese I (25 ≤ BMI < 30) and obese II (30.0 ≤ BMI). The BMI cut-
off points followed those proposed by the regional office for 
Western Pacific Region of World Health Organization (WHO) 
(WPRO criteria, 2000) (9).
 Survival was analyzed using the Kaplan-Meier method and 
compared using a log-rank test. Cox-regression was used to re-
veal risk factors related to survival. Statistical analysis was per-
formed using the chi-square test, Fisher’s exact test and ANO-
VA, where appropriate.

Ethics statement
This study was approved by institutional review board of Korea 
University Anam Hospital (ED10313) and 4 other hospitals. The 

subjects’ informed consent was waived by the boards due to 
the observation design of this study.

RESULTS

Five (2.1%), 85 (36.0%), 69 (29.2%), 64 (27.2%), and 13 (5.5%) 
patients were underweight, normal weight, overweight, obese I 
and obese II, respectively. Age at diagnosis significantly differed 
across the five BMI groups (P = 0.003). Overweight and obese I 
patients were older than the other BMI groups. The initial Hb of 
underweight patients (10.4 ± 1.8 g/dL) was significantly lower 
compared to the other BMI groups (P = 0.049). No significant 
differences were seen in parity, medical history, surgery opti-
mality, stage, CA 125, CA 19-9 and follow-up time among the 
five BMI categories. Histologic characteristics showed an even 
distribution across the five BMI groups, and the serous type 
comprised majority for each BMI group (Table 1).
 The median PFS was 9.5 months (1-132 months) and the 5-yr 
OS was 47%, considering all stages for the whole series (data not 
shown). During the median follow-up period of 21.4 months 
(range, 1-141 months), a total of 56 deaths were recorded (23.7%) 
with an even distribution across the BMI strata (Table 1).
 Table 2 shows the univariate and multivariate hazard ratios 
(HRs) and 95% confidence intervals (CIs) for ovarian cancer 
mortality associated with BMI and surgical optimality. Under-
weight patients (BMI < 18.5) had a significantly higher mortality 
compared to patients in the reference group (18.5 ≤ BMI < 23) 
(HR, 8.622; 95% CI, 1.871-39.737; P = 0.006). Other BMI groups 
(23 ≤ BMI) were not associated with ovarian cancer mortality.
 The HR and 95% CI comparing women who had non-optimal 
surgery versus patients with optimal surgery was 2.302 (95% CI, 
1.326-3.995; P = 0.003). Our analysis did not find any other fac-
tors affecting the survival of stage III and IV ovarian cancer (data 
not shown).
 In the subcohort analysis, within 97 patients with serous ovar-
ian cancers after optimal surgery, underweight patients had 
significantly poorer survival than other BMI groups (P = 0.031) 
and obese II patients showed no significant difference in sur-
vival compared to normal weight, overweight and obese I pa-
tients (P = 0.097) (Fig. 1A). However, among the three mid-range 
BMI groups overweight and obese I patients had a higher rate 
of survival than normal weight patients (P = 0.012) (Fig. 1B).

DISCUSSION

Ovarian cancer is one of the most lethal cancers in women; how-
ever, there is little data available on the precise nature of the re-
lationship between obesity and ovarian cancer mortality. Fur-
thermore, there is lack of study about the effect of obesity to the 
ovarian cancer survival in Asian population. This study exam-
ined whether BMI group following Asian criteria has an associ-
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Table 1. General characteristics of patients (N=236)

Characteristics
No. (%) of patients

P value
Underweight (n = 5) Normal weight (n = 85) Overweight (n = 69) Obese I (n = 64) Obese II (n = 13)

Age (mean, range) (yr) 49 (29-76) 51 (13-79) 65 (24-76) 69 (38-78) 54 (35-76) 0.003
Parity

0 (nulli)
1
2
3
4 ≤

2 (40.0)
1 (20.0)
0 (0.0)
2 (40.0)
0 (0.0)

10 (11.8)
13 (15.3)
36 (42.4)
15 (17.6)
11 (12.9)

1 (1.4)
14 (20.3)
26 (37.7)
15 (21.7)
13 (18.8)

3 (4.8)
10 (15.9)
23 (36.5)
12 (19.0)
15 (23.8)

1 (7.7)
5 (39.5)
3 (23.1)
1 (7.7)
3 (23.1)

0.051

Medical history* 1 (20.0) 16 (18.8) 22 (31.9) 22 (34.9) 6 (36.2) 0.102
Optimality

Optimal
Suboptimal
Unknown

4 (80.0)
1 (20.0)

0

54 (64.3)
30 (35.7)

1

38 (55.1)
31 (44.9)

0

38 (62.3)
23 (37.7)

3

9 (75.0)
3 (25.0)

1

0.535

Stage (%)
III
IV
Unknown

2 (40.0)
3 (60.0)

0

71 (86.6)
11 (13.4)

3

59 (86.8)
9 (13.2)

1

54 (85.7)
9 (14.3)

1

11 (84.6)
2 (15.4)

0

0.078

Initial Hb 10.4 ± 1.8 11.9 ± 1.3 12.1 ± 1.4 12.0 ± 1.4 12.6 ± 1.3 0.049
Initial CA 125      885.9 ± 1,122.1   1,242.2 ± 2,789.7   1,069.7 ± 1,994.6   1,950.7 ± 3,501.7   685.6 ± 738.1 0.345
Initial CA 19-9   13.3 ± 12.0   30.3 ± 77.6     48.2 ± 209.4   140.7 ± 463.7   239.2 ± 660.9 0.128
Histology

Serous
Mucinous
Endometrioid
Clear-cell
Others

4 (80)
0
0

1 (20)
0

54 (63.5)
3 (3.5)
7 (8.2)
7 (8.2)

14 (16.6)

53 (76.9)
5 (7.2)
3 (4.3)
2 (2.9)
6 (8.7)

49 (76.6)
3 (4.7)
4 (6.3)
3 (4.7)
5 (7.8)

10 (96.9)
1 (7.7)
2 (15.4)

0
0

0.485

Follow-up time (range) (months) 10.6 (2-16) 30.7 (3-141) 29.8 (1-123) 30.7 (3-74) 26.4 (1-64) 0.456
Recurrence (%) 0 (0) 38 (44.7) 38 (55.1) 29 (45.3) 6 (46.2) 0.165
Death (%) 2 (40.0) 23 (27.1) 15 (21.7) 12 (18.8) 4 (30.8) 0.620

*Medical disease history includes diabetes mellitus, hypertension, thyroid disease, etc. Hb, hemoglobin.

Table 2. Risk factors for mortality in stage III and IV ovarian cancer patients

Variables No. (%) of cases Univariate HR (95%CI) P value Multivariate HR (95%CI) P value

BMI at diagnosis
Underweight
Normal weight
Overweight
Obese I
Obese II

5 (2.1)
85 (36.0)
69 (29.2)
64 (27.2)
13 (5.5)

6.975 (1.539-31.614)
1.00 (reference)

0.787 (0.410-1.509)
0.618 (0.307-1.243)
1.245 (0.429-3.612)

0.012
N/A

0.470
0.177
0.687

8.622 (1.871-39.737)
1.00 (reference)

0.671 (0.345-1.305)
0.597 (0.289-1.235)
0.975 (0.291-3.274)

0.006
N/A

0.240
0.165
0.968

Optimality
Optimal
Suboptimal

143 (60.6)
88 (37.3)

1.00 (reference)
2.064 (1.208-3.529)

N/A
0.008

1.00 (reference)
2.302 (1.326-3.995)

N/A
0.003

Adjusted for age at diagnosis, parity, medical history, stage, histologic subtype and initial lab findings (Hb, CA 125, CA 19-9). N/A, not applicable.

ation with the ovarian cancer survival. We found that an under-
weight BMI and surgical optimality are independent risk factors 
for the survival of patients with advanced ovarian cancer. How-
ever, there was no significant relationship between ovarian can-
cer survival and the other four BMI groups. Only in the subgroup 
analysis with a serous histology and with optimal surgery, pa-
tients in the overweight and obese I groups had better survival 
than normal weight patients.
 The median PFS and 5-yr OS of our data (15 months and 47%, 
respectively) are pretty better than the PFS and OS expected in 
advanced ovarian cancer patients. It seems because only pa-
tients who completed over six cycles of chemotherapy were in-

cluded in this study.
 These results are notable because to date obesity has been 
shown to have only two effects on ovarian cancer survival, ei-
ther a worse prognosis or no effect. Pavelka et al. (10) reported 
that obesity was independently associated with both shorter 
time to recurrence and shorter overall survival for patients with 
advanced ovarian cancer. Our study is both of a different ethnic 
population and a large sample size. According to study by Yang 
et al. (11), obesity did not influence EOC survival. However, BMI 
was measured one year before the diagnosis of ovarian cancer, 
and the BMI definition used were different from those in our 
study. The pathophysiology of both obesity and cancer biology 
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Fig. 1. Survival of patients with serous ovarian cancer after optimal surgery (n = 97). (A) Underweight patients have significantly poorer survival than other BMI groups (P = 
0.031) and obese II patients showed no significant difference in survival compared to normal weight, overweight and obese I patients (P = 0.097). (B) However, among three 
mid-range BMI groups, overweight and obese I patients have a higher rate of survival than normal weight patients (P = 0.012).
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is complicated, and therefore, the approach to reveal the asso-
ciation between them should be carefully considered.
 Despite the technical challenge that may be present during 
surgery, our patients had consistent optimal cytoreduction rates 
across the BMI groups. This important factor in the rate of sur-
vival was emphasized in the study of Matthews et al. who sug-
gested that maximal effort should be directed towards debulk-
ing tumor mass in obese patients with EOC (12). They reported 
that survival rates are similar between obese and non-obese 
patients when optimal debulking status is the same.
 Underweight patients in our study showed a significantly poor 
survival rate than other BMI groups. Although elevated BMI is 
associated with an increased prevalence of comorbidities, the 
survival rate of obese II patients was not different from normal 
weight patients. These findings are similar to a study done by 
Skírnisdóttir and Sorbe (13). However, the study population in 
underweight and obese II groups was very small (five and thir-
teen, respectively) so, we obtained the reliability of our results 
through subgroup analysis with normal, overweight and obese 
I patients.
 Serous carcinoma is the most common type of ovarian can-
cer with a frequency of over 90% (14). Nearly all comprehen-
sively staged patients present in advanced stage with tumor 
disseminated throughout the abdominal and pelvic cavities. 
Some characteristics of serous carcinoma, including early me-
tastasis and dissemination, can be key targets for improving the 
prognosis of overweight and obese I patients. It is possible that 
overweight status in Asians with advanced ovarian cancer is a 
protective factor since Asian obesity appears to be associated 
with a better prognosis than Western obesity. Overweight and 
obese I patients may be resistant to the toxicity of chemotherapy 
due to better initial nutritional status. One potential confound-
er in advanced serous ovarian cancer is that there is a discrep-
ancy between real body mass and BMI due to the burden of as-

cites and multi-organ metastasis.
 The International Obesity Task Force of the WHO proposed a 
system of classification based on BMI, and selected a BMI of 
30.0 as the cutoff point for obesity based on mortality and mor-
bidity outcomes (15). In recent years, accumulating evidence 
has suggested that the WHO criteria for classifying obesity in 
adult Caucasians may not be appropriate for Asian populations. 
Asian populations have a high level of abdominal fat at a lower 
BMI relative to Caucasians, and show an increasing trend to-
ward obesity. Therefore, the Regional Office for the Western Pa-
cific Region of the WHO, the International Association for the 
Study of Obesity and the International Obesity Task Force pro-
posed a separate classification of obesity for Asian population 
in 2000. This led to the proposal that overweight adults be de-
signed as such in Asia with a BMI ≥ 23.0, and that obesity be 
defined by a BMI ≥ 25.0 (WPRO criteria) (9). To the best of our 
knowledge, this is the first study analyzing ovarian cancer sur-
vival using the Asian BMI criteria. However, there are still many 
unanswered questions about the association between Asian 
BMI criteria and ovarian cancer survival.
 Some strengths and limitations of the present study should 
be considered when interpreting these findings. Strengths in-
clude appropriate BMI criteria for Asian patients, subgroup anal-
ysis excluding the effects of important variables, directly mea-
sured anthropometric variables and a study population con-
sisting of advanced epithelial ovarian cancer. To the best of our 
knowledge, this is the first epidemiologic evidence showing that 
overweight and obese status is associated with a better prognosis.
 With regard to limitations, a history of medical disease was not 
detailed for patients enrolled in the study. Nevertheless, over-
weight and obese I patients had better outcomes despite being 
older and potentially being at higher risk for cardiovascular dis-
ease. All patients were Korean. Further large scale studies in-
cluding other Asian countries will be needed to confirm the ob-
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served associations in this study.
 In conclusion, underweight and surgical optimality are inde-
pendent risk factors for advanced ovarian cancer survival in Ko-
rean patients. BMI does not influence the survival of advanced 
EOC patients except in underweight patients. In the subgroup 
of serous histology and optimal debulking surgery, patients of 
the overweight and obese I groups have higher rates of survival 
than normal-weight patients. These results provide a useful ref-
erence for planning further studies and for predicting the prog-
nosis of Asian patients with ovarian cancer.
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