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Background: Few studies have evaluated the association between early life adiposity and ovarian cancer risk. Adiposity during
different periods of life may be differentially associated with the risk.

Patients and methods: We prospectively followed 133 526 women in the Nurses’ Health Study (NHS; 1980–2012) and NHSII
(1989–2013). Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for
incident ovarian cancer (N¼ 788) according to validated measures for early life adiposity [body mass index (BMI) at age 10
imputed from somatotype and recalled BMI at age 18) as well as BMI change between age 10 and 18 and after age 18 (current
weight assessed on every biennial questionnaire since baseline).

Results: After mutual adjustment for BMI at age 10, BMI at age 18 and current BMI, the HR (95% CI) for ovarian cancer risk per
5 kg/m2 was 0.84 (0.74–0.96) for BMI at age 10 (P-trend¼ 0.01), 1.17 (1.03–1.33) for BMI at age 18 (P-trend¼ 0.02), and 1.06 (0.99–
1.14) for current BMI (P-trend¼ 0.08). However, the inverse association with BMI at age 10 was attenuated after adjusting for BMI
change between age 10 and 18 and BMI change after age 18 (HR per 5 kg/m2: 1.04; 95% CI 0.91–1.20; P-trend¼ 0.55). By
contrast, BMI change between age 10 and 18 was strongly positively associated with ovarian cancer risk (HR per 5 kg/m2

increase: 1.24; 95% CI 1.11–1.39; P-trend¼ 0.0002), whereas BMI change since age 18 was only slightly associated with risk (HR
per 5 kg/m2 increase: 1.06; 95% CI 0.99–1.14; P-trend¼ 0.10). These associations were in general stronger for premenopausal
cases or non-serous tumors.

Conclusion: Early life changes in adiposity were more strongly associated with ovarian cancer risk than adulthood changes.
The specific mechanisms underlying the associations with adiposity changes during early life warrant further investigation.
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Introduction

Growing evidence supports obesity as a risk factor for several can-

cers in women [1]. Multiple mechanisms were proposed for

obesity-related cancer risk, including endogenous sex hormone

dysregulation, inflammation, and insulin resistance [1]. While

these mechanisms seem relevant and plausible for ovarian car-

cinogenesis, evidence regarding the association between obesity

and ovarian cancer has been weak and mixed from more than 50

epidemiologic studies [2]. Most studies evaluated adult body

mass index (BMI) with ovarian cancer risk overall; however, it is

important to consider the etiologically relevant window of

susceptibility by integrating adiposity during different life peri-

ods, timing of ovarian cancer development and tumor histologic

features.

Adipose tissues play critical roles in hormonal balance by serv-

ing as a reservoir for steroid hormones [3]. Given that the ovary

is hormone sensitive with distinct functions and hormonal pro-

files across the female life span, adiposity during developmental,

reproductive, and postmenopausal years may have different

influences on ovarian functions, including carcinogenic effects

on ovarian cancer development [4]. Indeed, a pooled analysis of

12 cohort studies reported a positive association of BMI with

ovarian cancer risk among premenopausal, but not
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postmenopausal, women [5]. Less is known about the associa-

tions with adiposity during early life (e.g. childhood, adolescence,

early adulthood). These life periods are important from both

etiologic and public health perspectives, considering the long la-

tency of cancer development, the rising trend in childhood/ado-

lescence obesity [6], and the established association between early

life adiposity and breast cancer risk [7–9]. Therefore, we con-

ducted the current analysis in the Nurses’ Health Study (NHS)

and NHSII to examine the associations of BMI at age 10 and 18,

BMI change between age 10 and 18, and BMI change since age 18

with ovarian cancer risk overall, by menopausal status, and by

histologic subtype.

Patients and methods

Study population

The NHS was established in 1976 among 121 700 US nurses aged 30–55,

and the NHSII was a similar cohort initiated in 1989 among 116 429
nurses aged 25–42. At baseline, all participants completed a questionnaire
on their lifestyles and disease history. Biennial follow-up questionnaires
were mailed to all participants to update health-related information. We

excluded women with bilateral oophorectomy, prevalent cancer (at base-
line except non-melanoma skin cancer), or missing data on early life adi-
posity and reproductive factors. The study was approved by the

Institutional Review Board of the Brigham and Women’s Hospital.

Ascertainment of incident ovarian cancer

Incident cases were identified by self-reports on each biennial question-

naire, through family members, or via linkage with the US National
Death Index or the US Postal Service. For all identified cases, we obtained
relevant medical records or linked to cancer registry to confirm the diag-
nosis. A gynecologic pathologist blinded to exposure status reviewed the

pathology reports and classified the tumors according to morphology,
histology, grade, and stage. Concordance between the pathology report
and a tumor slide review was 98% for morphology and 83% for

histology.

Weight and height measures

Adult height was reported at enrollment, and current weight on every bi-

ennial questionnaire. Weight at age 18 was recalled in 1980 (NHS) or
1989 (NHSII), the beginning of the follow-up for this analysis. We cate-
gorized BMI at age 18 as <20.0, 20.0–24.9, 25.0–29.9, �30 kg/m2. BMI
change since age 18 was calculated as the difference between current BMI

(updated every 2 years) and BMI at 18 and categorized as BMI loss
(<�2.0 kg/m2), stable BMI (�2.0 to 2.0 kg/m2), intermediate BMI gain
(2.1–4.0 kg/m2), and large BMI gain (>4.0 kg/m2). Somatotype at age 10
was assessed in 1988 (NHS) and 1989 (NHSII) using the nine-figure

Stunkard somatotype pictogram [10]. Self-reported weight was strongly
correlated with measured weight (r¼ 0.97) [11]. Validity of recalled
weight at age 18 was assessed by comparison against nursing school ad-

mission physical exam records (r¼ 0.87) [12]. We imputed BMI at age
10 using data from the Growing Up Today Study, which collected both
Stunkard pictograms and BMI in girls at age 10 [13].

Statistical analyses

We used the Cox proportional hazards model to evaluate the associations
of early life adiposity and BMI change with risk of epithelial ovarian can-
cer. Person-time accrued from baseline until death, bilateral oophorec-

tomy, any cancer diagnosis (except non-melanoma skin cancer), or the
end of follow-up (NHS: June 2012; NHSII: June 2013), whichever

occurred first. First, we estimated hazard ratios (HRs) for incident ovar-

ian cancer according to adiposity measures during different life periods,

including imputed BMI at age 10, recalled BMI at age 18 and current

BMI. These adiposity factors were included individually or simultaneous-

ly in two separate models, with adjustment for potential confounders as

listed in Table 2. We used BMI change per 5 kg/m2 to report the continu-

ous associations. To avoid reverse causation that preclinical ovarian can-

cer may influence body weight, BMI at time t-2 was used to represent

current BMI rather than BMI at time t.

Second, we subdivided current BMI (at time t-2) into components as

follows:

BMI at time t-2¼BMI at age 10 þ (BMI at age 18–BMI at age 10) þ
(BMI at time t-2 – BMI at age 18)� BMI at age 10þ BMI change between

age 10 and 18þ BMI change after age 18.

Individual components in the equation were mutually adjusted for in

the same model. The advantage of the BMI decomposition is that each

component is only weakly correlated (supplementary Table S1, available

at Annals of Oncology online), thus reducing collinearity, whereas the ab-

solute adiposity measures during different life periods have moderate-to-

strong correlations (supplementary Table S2, available at Annals of

Oncology online). Separate analyses were carried out for NHS, NHSII,

and combined, as well as by menopausal status.

Third, subtype analyses were performed for serous and non-serous

tumors using a competing risks Cox model [14]. Secondarily, we exam-

ined the associations for endometrioid tumors, which may be more

related to adiposity due to similar histologic origin to endometrial tissues

[15]. Analyses were performed in SAS 9.4 (SAS Institute, Cary, NC).

Results

Current BMI was positively related to somatotype at age 10, BMI

at age 18, and BMI change since age 18 (Table 1). In both cohorts,

women with higher current BMI were more likely to have earlier

age at menarche, tubal ligation, surgical menopause, and physical

inactivity, but less likely to use estrogen þ progesterone HT or

currently smoke. The distributions of these population character-

istics were similar when comparing across categories of somato-

type at age 10, except that women with larger body size at age 10

were more likely to be current smokers (supplementary Table S3,

available at Annals of Oncology online). Of note, 94% of NHS and

92% of NHSII women had menarche between age 10 and 18.

We documented 562 incident ovarian cancers in NHS and 226

in NHSII during 32 years of follow-up, with consistent associa-

tions observed across the two cohorts with imputed BMI at age

10 and recalled BMI at age 18 (P-heterogeneity> 0.69; supple-

mentary Table S4, available at Annals of Oncology online). In the

pooled multivariable analysis (Table 2), BMI at age 10 was not

associated with ovarian cancer risk (P-trend¼ 0.14), whereas

there was a positive association with BMI at age 18 (P-

trend¼ 0.006). Mutual adjustment for adiposity measures

yielded a significant inverse association for BMI at age 10 (P-

trend¼ 0.01) and a similar positive association for BMI at age 18

(P-trend¼ 0.02). Specifically, every 5-unit higher BMI at age 10

was associated with 16% lower risk [95% confidence interval (CI)

0.74–0.96], and every 5-unit higher BMI at age 18 was associated

with 17% higher risk (95% CI 1.03–1.33). By contrast, current

BMI was more modestly associated with ovarian cancer risk after

accounting for early life adiposity (HR per 5 kg/m2 higher BMI:

1.06; 95% CI 0.99–1.14; P-trend¼ 0.08). This was only observed

in NHSII (P-heterogeneity¼ 0.02; supplementary Table S4,
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available at Annals of Oncology online), possibly due to cohort

differences in age and menopausal status.

The changes in estimates after mutual adjustment for BMI at

different ages suggested that BMI change during different life

periods may be the underlying driver. Further analyses showed

that imputed BMI at age 10 was no longer associated with ovarian

cancer risk after accounting for BMI change from age 10 to 18

(HR per 5 kg/m2 higher BMI: 1.04; 95% CI 0.91–1.20; P-

trend¼ 0.55; Table 3). However, BMI change from age 10 to 18

was more strongly associated with ovarian cancer risk than BMI

change after age 18. The pooled HR (95% CI) associated with

5 kg/m2 BMI increase was 1.24 (1.11–1.39) for BMI change be-

tween age 10 and 18 (P-trend¼ 0.0002) and 1.06 (0.99–1.14) for

BMI change after age 18 (P-trend¼ 0.10). Of note, while the asso-

ciation with BMI change between age 10 and 18 was similar in

NHS/NHSII (P-heterogeneity¼ 0.51), the association with BMI

change after age 18 differed significantly by cohort (P-hetero-

geneity¼ 0.002; supplementary Table S5, available at Annals of

Oncology online). BMI increase after age 18 was positively associ-

ated with risk in NHSII (P-trend¼ 0.001), but not in NHS (P-

trend¼ 0.72), similar to the cohort-specific association with cur-

rent BMI described above.

After adjusting for BMI change between age 10 and 18,

imputed BMI at age 10 was not associated with either premeno-

pausal (P-trend¼ 0.23) or postmenopausal ovarian cancer risk

(P-trend¼ 0.63; supplementary Table S6, available at Annals of

Oncology online). The positive association with BMI change be-

tween age 10 and 18 was stronger for premenopausal (HR per

5 kg/m2: 2.41; 95% CI 1.38–4.19; P-trend¼ 0.002) than for post-

menopausal cases (HR per 5 kg/m2: 1.31; 95% CI 0.90–1.92; P-

trend¼ 0.16; P-heterogeneity¼ 0.08). BMI change during pre-

menopausal years (i.e. between age at menopause and age 18) was

only associated with increased risk of premenopausal ovarian

cancer (P-trend¼ 0.02), consistent with the strong positive asso-

ciation observed in NHSII. Neither premenopausal BMI change

nor BMI change after menopause was associated with postmeno-

pausal ovarian cancer risk.

Similarly, after adjustment for BMI change between age 10 and

18, imputed BMI at age 10 was not associated with serous (P-

trend¼ 0.72) or non-serous ovarian cancer (P-trend¼ 0.79;

Table 1. Population characteristics by current body mass index (BMI) in the Nurses’ Health Study (NHS) (1996) and NHSII (1997)

NHS (1996) NHSII (1997)

Current BMI categories

<24.9 25–29.9 301 <24.9 25–29.9 301

n 20 320 14 537 9 156 48 484 22 827 18 204

Age, years 62.3 6 7.3 62.0 6 7.2 61.1 6 7.0 41.5 6 4.6 42.2 6 4.6 42.5 6 4.5
Postmenopausal, % 92 91 90 6 8 8
Surgical menopause, %a,b 15 17 19 21 29 31
Age at menarche, years 12.7 6 1.4 12.5 6 1.4 12.2 6 1.4 12.7 6 1.4 12.3 6 1.4 12.0 6 1.4
Parous, % 94 94 95 81 83 77
Number of childrenc 3.1 6 1.5 3.3 6 1.5 3.2 6 1.5 2.3 6 0.9 2.3 6 1.0 2.3 6 1.0
Ever use OC, % 51 50 51 86 86 84
Duration of OC use, years 4.3 6 4.0 4.1 6 3.9 3.9 6 3.8 5.3 6 4.6 5.2 6 4.5 4.8 6 4.3
Tubal ligation, % 20 21 23 23 27 28
Family history, %d 16 16 17 10 11 11
Physical activity, MET-hrs/week 21.4 6 23.8 17.1 6 20.2 11.9 6 15.7 21.8 6 25.3 16.5 6 19.9 11.9 6 16.4
Ever use E-only HTa 25 23 20 24 26 27
Years of E-only HT 6.1 6 5.7 6.0 6 5.6 5.4 6 5.2 2.5 6 2.4 2.6 6 2.2 2.7 6 2.6
Ever use E þ P HTa 36 31 25 41 37 30
Years of E þ P HT 4.8 6 3.1 4.5 6 3.0 4.1 6 2.9 2.7 6 2.3 2.8 6 2.3 2.7 6 2.3
Ever use other HTa 19 17 13 12 10 13
Years of other HT 3.1 6 3.0 2.8 6 2.6 2.6 6 2.5 1.3 6 1.2 1.4 6 1.5 1.3 6 1.5
Current smokers, % 15 11 8 12 11 10
Height, inches 64.6 6 2.4 64.5 6 2.4 64.3 6 2.5 64.9 6 2.5 64.9 6 2.6 64.7 6 2.8
Somatotype at age 10 2.3 6 1.3 2.5 6 1.4 3.1 6 1.5 2.4 6 1.2 2.9 6 1.3 3.9 6 1.4
BMI at age 18 20.4 6 2.2 21.4 6 2.6 23.3 6 3.6 19.9 6 2.1 21.5 6 2.7 24.3 6 4.3
Current BMI 22.3 6 1.9 27.2 6 1.4 34.4 6 4.3 21.9 6 1.8 27.2 6 1.4 35.7 6 5.3
BMI change since age 18 1.9 6 2.7 5.8 6 2.8 11.2 6 4.6 2.0 6 2.3 5.6 6 2.9 11.4 6 5.1

aAmong postmenopausal women.
bMenopause due to hysterectomy.
cAmong parous women.
dFamily history of breast cancer or ovarian cancer.
E, estrogen; HT, hormone therapy; MET, metabolic equivalent; OC, oral contraceptive; P, progesterone.
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Table 4). However, the positive associations with BMI change

were suggestively stronger for non-serous tumors than for serous

ovarian tumors. For BMI change between age 10 and 18, the HR

(95% CI) for every 5 kg/m2 increase was 1.35 (1.10–1.65) for

non-serous cancer and 1.08 (0.90–1.28) for serous cancer (P-het-

erogeneity¼ 0.10). BMI increase after age 18 was modestly asso-

ciated with non-serous cancer (HR per 5 kg/m2: 1.14; 95% CI

1.00–1.30; P-trend¼ 0.04), but was not associated with serous

cancer (HR per 5 kg/m2: 0.97; 95% CI 0.87–1.08; p-trend¼ 0.61;

P-heterogeneity¼ 0.06). The results for BMI at age 10 and BMI

change between age 10 and 18 were similar when further dividing

non-serous tumors into endometrioid versus other tumors,

whereas BMI change since age 18 was only positively associated

with endometrioid tumors (data not shown).

Discussion

Several meta-analyses/pooled analyses reported weak-to-

moderate positive associations between adult BMI and ovarian

cancer risk, noting significant between-study heterogeneity with

weaker associations in prospective versus case–control studies [5,

16–20]. As a result, body fatness is considered as a probable risk

factor for ovarian cancer by WCRF/AICR, with similar conclu-

sions reached by other cancer organizations [21–23]. However,

an IARC report suggested a causal link between body fatness and

ovarian cancer risk [24], although the conclusion was based on

one meta-analysis reporting a weak positive association with sig-

nificant heterogeneity by study design [18]. Further, most studies

did not assess the associations with early life adiposity and

whether these associations differed by menopausal status or

histology.

Interestingly, a Norwegian study found significantly increased

ovarian cancer risk for women who were obese in adolescence

(age 14–19) or early adulthood (age 20–29), but no associations

were observed for adiposity at age�30 years [25]. Similarly, anal-

yses of 12 prospective studies showed no overall association with

adult BMI [5]. However, BMI was positively associated with risk

among premenopausal, but not among postmenopausal, women.

In the Iowa Women’s Health Study, higher BMI at age 18, but

Table 3. Associations of imputed body mass index (BMI) at age 10, BMI
change between age 10 and 18, and BMI change after age 18 with risk of
epithelial ovarian cancer

Cases P-Ys HR (95% CI)a

Imputed BMI at age 10
<14.0 133 233 450 1.00 (Ref)
14.0–15.9 278 528 018 0.99 (0.80–1.23)
16.0–17.9 192 434 683 0.91 (0.72–1.16)
18.0–19.9 101 189 037 1.21 (0.91–1.60)
�20.0 84 185 030 1.16 (0.81–1.59)
Per 5 BMI units 1.04 (0.91–1.20)
P-trend 0.55

BMI change between age 10 and 18
<2.0 101 294 188 0.62 (0.48–0.81)
2.0–3.9 191 371 462 1.00 (Ref)
4.0–5.9 213 422 330 0.97 (0.79–1.19)
6.0–7.9 158 276 497 1.08 (0.87–1.35)
�8.0 125 205 741 1.16 (0.91–1.48)
Per 5 BMI units 1.24 (1.11–1.39)
P-trend 0.0002

BMI change since age 18
<�2.0 35 61 374 1.01 (0.70–1.47)
�2.0 to 1.9 188 463 958 1.00 (Ref)
2.0–3.9 165 334 053 1.15 (0.93–1.42)
�4.0 400 710 833 1.12 (0.94–1.34)
Per 5 BMI units 1.06 (0.99–1.14)
P-trend 0.10

aStratified by calendar time, mutually controlling for imputed BMI at age
10, BMI change between age 10 and 18 and BMI change since age 18,
and adjusted for age at menarche, tubal ligation, duration of OC use, dur-
ation of premenopause, duration of postmenopause, menopausal status,
type of menopause, duration of estrogen-only HT use, duration of estro-
gen and progesterone HT use, duration of other HT use, height, parity
and smoking status.
HR, hazard ratio; CI, confidence interval; P-Y, person-years; HT, hormone
therapy.

Table 2. Association of imputed body mass index (BMI) at age 10, BMI at
age 18, and current BMI with risk of epithelial ovarian cancer

HR (95% CI)

Cases P-Ys Model 1a Model 2b

Imputed BMI at age 10
<14.0 133 233 450 1.00 (Ref) 1.00 (Ref)
14.0–15.9 278 528 018 0.93 (0.76–1.15) 0.93 (0.75–1.14)
16.0–17.9 192 434 683 0.80 (0.64–1.00) 0.78 (0.62–0.97)
18.0–19.9 101 189 037 0.99 (0.76–1.28) 0.93 (0.71–1.20)
�20.0 84 185 030 0.82 (0.62–1.08) 0.74 (0.56–0.98)
Per 5 BMI units 0.91 (0.81–1.03) 0.84 (0.74–0.96)
P-trend 0.14 0.01

BMI at age 18
<20.0 260 581 454 0.87 (0.74–1.01) 0.86 (0.73–1.01)
20.0–24.9 444 837 416 1.00 (Ref) 1.00 (Ref)
25.0–29.9 63 119 249 0.98 (0.75–1.28) 0.98 (0.75–1.29)
�30.0 21 32 099 1.32 (0.85–2.05) 1.32 (0.84–2.08)
Per 5 BMI units 1.16 (1.04–1.29) 1.17 (1.03–1.33)
P-trend 0.006 0.02

Current BMI
<25.0 381 841 626 1.00 (Ref) 1.00 (Ref)
25.0–29.9 230 429 093 1.02 (0.87–1.21) 1.00 (0.85–1.18)
�30.0 177 299 499 1.20 (1.00–1.44) 1.15 (0.95–1.40)
Per 5 BMI units 1.09 (1.03–1.16) 1.06 (0.99–1.14)
P-trend 0.005 0.08

aStratified by calendar time, and adjusted for age at menarche, tubal liga-
tion, duration of OC use, duration of premenopause, duration of postme-
nopause, menopausal status, type of menopause, duration of estrogen-
only HT use, duration of estrogen and progesterone HT use, duration of
other HT use, height, parity and smoking status.
bModel 1þmutually controlling for imputed BMI at age 10, BMI at age
18, and current BMI.
HR, hazard ratio; CI, confidence interval; P-Y, person-years; HT, hormone
therapy.
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not current BMI, was associated with higher ovarian cancer risk

[26]. Overall, findings were similar to our results that BMI at age

18 was significantly associated with ovarian cancer risk, particu-

larly in premenopausal years. In contrast to a recent meta-

analysis of two prospective studies reporting a positive associ-

ation between adult weight gain and postmenopausal ovarian

cancer risk [relative risk (RR) per 5 kg increase: 1.13; 95% CI

1.03–1.23] [27], our data suggest that additional BMI increase in

adulthood was only associated with premenopausal cancer. This

may be a reflection of the stronger association with non-serous

tumors, which are more common in this period.

Few studies have evaluated early life adiposity with ovarian

cancer. An earlier study in NHS/NHSII (372/131 cases) reported

conflicting results, with body size at age 10 associated with lower

risk in NHS, but suggestively higher risk in NHSII [28]. With

extended follow-up and more incident cases, the current study

revealed more consistent association patterns. Several studies

have observed an inverse association of childhood body size with

both premenopausal and postmenopausal breast cancer risk, al-

though the association with BMI at age 18 was in the opposite

direction between breast cancer and ovarian cancer [7–9]. Our

results highlight that adiposity in puberty/adulthood was more

strongly associated with non-serous than serous tumors. Similar

differences by histologic subtype were also noted in prior studies

of adult BMI [18, 20]. Notably, this is consistent with other re-

productive and hormonal factors generally having stronger asso-

ciations with non-serous subtypes [29].

It is unclear why early life BMI change, compared with adult-

hood change, was more strongly associated with ovarian cancer

risk. From a life course perspective, early life BMI increase was

likely a reflection of the life-long exposure to adiposity and

adiposity-induced biologic alterations, which may result in

greater impact cumulatively over decades of cancer develop-

ment. Given that our early life adiposity assessment straddled

puberty when ovaries underwent development and maturation,

it is possible that the peripubertal period represents a critical

window of ovarian carcinogenic susceptibility to adiposity. For

example, onset of puberty is accompanied by increased andro-

gen secretion, which may be further aggravated among girls

with substantial weight gain through puberty [30]. Circulating

androgen levels are more strongly associated with non-serous

tumors, potentially explaining the stronger associations consist-

ently observed between early life adiposity and non-serous can-

cer risk [31]. Hyperinsulinemia and inflammation may also be

Table 4. Associations of imputed body mass index (BMI) at age 10, early life BMI change, and adulthood BMI change with risk of epithelial ovarian cancer
for serious and non-serous subtypes

Non-serous Serous P-hetb

Cases P-Ys HR (95% CI)a Cases P-Ys HR (95% CI)a

Imputed BMI at age 10
<14.0 37 233 707 1.00 (ref) 64 233 707 1.00 (ref) 0.65
14.0–15.9 75 528 385 0.94 (0.63–1.42) 140 528 385 1.00 (0.73–1.35)
16.0–17.9 60 434 118 0.96 (0.62–1.50) 99 434 118 0.96 (0.69–1.35)
18.0–19.9 34 189 001 1.33 (0.80–2.22) 51 189 001 1.28 (0.86–1.92)
�20.0 15 185 023 0.65 (0.33–1.28) 44 185 023 1.25 (0.80–1.96)
Per 5 BMI units 0.96 (0.74–1.26) 1.04 (0.85–1.27)
P-trend 0.79 0.72

BMI change between age 10 and18
<2.0 25 294 095 0.56 (0.34–0.92) 55 294 095 0.73 (0.51–1.05) 0.10
2.0–3.9 60 372 078 1.00 (ref) 89 372 078 1.00 (ref)
4.0–5.9 55 421 995 0.82 (0.56–1.19) 123 421 995 1.19 (0.90–1.58)
6.0–7.9 41 276 541 0.92 (0.60–1.40) 86 276 541 1.25 (0.91–1.72)
�8.0 40 205 525 1.14 (0.74–1.77) 45 205 525 0.91 (0.62–1.33)
Per 5 BMI units 1.35 (1.10–1.65) 1.08 (0.90–1.28)
P-trend 0.004 0.42

BMI change since age 18
<�2.0 13 61 383 1.49 (0.79–2.81) 17 61 383 0.98 (0.58–1.67) 0.06
�2.0 to 1.9 53 463 965 1.00 (ref) 97 463 965 1.00 (ref)
2.0–3.9 45 334 053 1.14 (0.77–1.70) 86 334 053 1.14 (0.85–1.53)
�4.0 110 710 833 1.22 (0.87–1.70) 198 710 833 1.04 (0.81–1.33)
Per 5 BMI units 1.14 (1.00–1.30) 0.97 (0.87–1.08)
P-trend 0.04 0.61

aStratified by calendar time, mutually controlling for imputed BMI at age 10, BMI change between age 10 and 18 and BMI change since age 18, and
adjusted for age at menarche, tubal ligation, duration of OC use, duration of premenopause, duration of postmenopause, menopausal status, type of
menopause, duration of estrogen-only HT use, duration of estrogen and progesterone HT use, duration of other HT use, height, parity and smoking status.
bTest for heterogeneity between serous versus non-serous ovarian cancer.
P-Y, person-years; HT, hormone therapy.
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important linking childhood weight gain and adult ovarian can-

cer risk [32, 33]. In light of the differential associations with

peripubertal, premenopausal and postmenopausal BMI change,

future investigation is needed to confirm our findings and eluci-

date the etiologic roles of adiposity that may be distinct between

female developmental, reproductive, and postmenopausal

periods.

The strength of the study included large sample size, long

follow-up, and a wide age distribution that allowed assessment by

menopausal status. The results were robust after adjusting for re-

productive, hormonal, and lifestyle risk factors for ovarian can-

cer. Importantly, we were able to dissect the independent

association for adiposity measures during specific life periods

while controlling for relevant anthropometric measures in other

periods. Although our analysis relied on self-reported current

weight, recalled weight and imputed BMI from somatotype in

early life, these measures have been extensively validated in our

cohort and the influence of potential measurement error was

likely minimal, attenuating the observed associations. Our ana-

lysis by histology and menopausal status was limited by a relative-

ly small number of cases. Future consortium efforts are needed to

fully understand these relationships. As our study population

included predominantly white nurses, extrapolation to other

populations should be cautious.

In conclusion, our results suggest that adiposity changes dur-

ing peripubertal period are more strongly associated with ovarian

cancer risk than adulthood changes. This study provides add-

itional evidence to support that maintaining a healthy weight

throughout the life course may have moderate benefits on ovar-

ian cancer prevention, particularly non-serous subtypes diag-

nosed during premenopausal years. Further studies are needed to

understand the specific mechanisms linking peripubertal adipos-

ity and adult ovarian cancer risk.

Acknowledgements

We would like to thank the participants and staff of the Nurses’

Health Study and Nurses’ Health Study II for their valuable con-

tributions as well as the following state cancer registries for their

help: AL, AZ, AR, CA, CO, CT, DE, FL, GA, ID, IL, IN, IA, KY,

LA, ME, MD, MA, MI, NE, NH, NJ, NY, NC, ND, OH, OK,

OR, PA, RI, SC, TN, TX, VA, WA, WY. The authors assume full

responsibility for analyses and interpretation of these data.

Funding

This work was supported by the National Institute of Health

(UM1 CA186107, UM1 CA176726, P01 CA87969).

Disclosure

The authors have declared no conflicts of interest.

References

1. Renehan AG, Zwahlen M, Egger M. Adiposity and cancer risk: new

mechanistic insights from epidemiology. Nat Rev Cancer 2015; 15(8):

484–498.

2. Tworoger SS, Huang T. Obesity and ovarian cancer. In Pischon T,

Nimptsch K (eds), Obesity and Cancer. Springer 2016; 155–176.

3. Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. J Clin

Endocrinol Metab 2004; 89(6): 2548–2556.

4. Rachon D, Teede H. Ovarian function and obesity–interrelationship, im-

pact on women’s reproductive lifespan and treatment options. Mol Cell

Endocrinol 2010; 316: 172–179.

5. Schouten LJ, Rivera C, Hunter DJ et al. Height, body mass index, and

ovarian cancer: a pooled analysis of 12 cohort studies. Cancer Epidemiol

Biomarkers Prev 2008; 17(4): 902–912.

6. Lobstein T, Jackson-Leach R, Moodie ML et al. Child and adolescent

obesity: part of a bigger picture. Lancet 2015; 385(9986): 2510–2520.

7. Rosner B, Eliassen AH, Toriola AT et al. Weight and weight changes in

early adulthood and later breast cancer risk. Int J Cancer 2017; 140(9):

2003–2014.
8. Baer HJ, Tworoger SS, Hankinson SE, Willett WC. Body fatness at young

ages and risk of breast cancer throughout life. Am J Epidemiol 2010;

171(11): 1183–1194.

9. Palmer JR, Adams-Campbell LL, Boggs DA et al. A prospective study of

body size and breast cancer in black women. Cancer. Epidemiol

Biomarkers Prev 2007; 16(9): 1795–1802.

10. Must A, Willett WC, Dietz WH. Remote recall of childhood height,

weight, and body build by elderly subjects. Am J Epidemiol 1993; 138(1):

56–64.

11. Rimm EB, Stampfer MJ, Colditz GA et al. Validity of self-reported waist

and hip circumferences in men and women. Epidemiology 1990; 1(6):

466–473.

12. Troy LM, Hunter DJ, Manson JE et al. The validity of recalled weight

among younger women. Int J Obes Relat Metab Disord 1995; 19(8):

570–572.

13. Alimujiang A, Imm KR, Appleton CM et al. Adiposity at age 10 and

mammographic density among premenopausal women. Cancer Prev Res

(Phila) 2018; 11(5): 287–294.

14. Lunn M, McNeil D. Applying Cox regression to competing risks.

Biometrics 1995; 51(2): 524–532.

15. Kaaks R, Lukanova A, Kurzer MS. Obesity, endogenous hormones, and

endometrial cancer risk: a synthetic review. Cancer Epidemiol

Biomarkers Prev 2002; 11: 1531–1543.

16. Olsen CM, Green AC, Whiteman DC et al. Obesity and the risk of epithe-

lial ovarian cancer: a systematic review and meta-analysis. Eur J Cancer

2007; 43(4): 690–709.

17. Aune D, Navarro Rosenblatt DA, Chan DS et al. Anthropometric factors

and ovarian cancer risk: a systematic review and nonlinear dose-response

meta-analysis of prospective studies. Int J Cancer 2015; 136(8):

1888–1898.

18. Collaborative Group on Epidemiological Studies of Ovarian Cancer.

Ovarian cancer and body size: individual participant meta-analysis

including 25, 157 women with ovarian cancer from 47 epidemiological

studies. PLoS Med 2012; 9: e1001200.

19. Purdie DM, Bain CJ, Webb PM et al. Body size and ovarian cancer: case-

control study and systematic review (Australia). Cancer Causes Control

2001; 12(9): 855–863.

20. Olsen CM, Nagle CM, Whiteman DC et al. Obesity and risk of ovarian

cancer subtypes: evidence from the Ovarian Cancer Association

Consortium. Endocr Relat Cancer 2013; 20(2): 251–262.

21. World Cancer Research Fund/American Institute for Cancer Research.

Continuous Update Project Expert Report 2018. Recommendations and

public health and policy implications 2018; https://www.wcrf.org/die

tandcancer/recommendations/be-healthy-weight (28 December 2018,

date last accessed).

22. National Cancer Institute. Obesity and cancer 2017; https://www.cancer.

gov/about-cancer/causes-prevention/risk/obesity/obesity-fact-sheet (28

December 2018, date last accessed).

23. American Cancer Society. Does body weight affect cancer risk? 2018;

https://www.cancer.org/cancer/cancer-causes/diet-physical-activity/

body-weight-and-cancer-risk/effects.html (28 December 2018, date last

accessed).

Original article Annals of Oncology

308 | Huang et al. Volume 30 | Issue 2 | 2019

https://www.wcrf.org/dietandcancer/recommendations/be-healthy-weight
https://www.wcrf.org/dietandcancer/recommendations/be-healthy-weight
https://www.cancer.gov/about-cancer/causes-prevention/risk/obesity/obesity-fact-sheet
https://www.cancer.gov/about-cancer/causes-prevention/risk/obesity/obesity-fact-sheet
https://www.cancer.org/cancer/cancer-causes/diet-physical-activity/body-weight-and-cancer-risk/effects.html
https://www.cancer.org/cancer/cancer-causes/diet-physical-activity/body-weight-and-cancer-risk/effects.html


24. Lauby-Secretan B, Scoccianti C, Loomis D et al. Body fatness and

cancer–viewpoint of the IARC Working Group. N Engl J Med 2016;

375(8): 794–798.
25. Engeland A, Tretli S, Bjorge T. Height, body mass index, and ovarian

cancer: a follow-up of 1.1 million Norwegian women. J Natl Cancer Inst

2003; 95(16): 1244–1248.

26. Anderson JP, Ross JA, Folsom AR. Anthropometric variables, physical

activity, and incidence of ovarian cancer: the Iowa Women’s Health

Study. Cancer 2004; 100(7): 1515–1521.

27. Keum N, Greenwood DC, Lee DH et al. Adult weight gain and adiposity-

related cancers: a dose-response meta-analysis of prospective observa-

tional studies. J Natl Cancer Inst 2015; 107: 1–14.

28. Baer HJ, Hankinson SE, Tworoger SS. Body size in early life and risk of

epithelial ovarian cancer: results from the Nurses’ Health Studies. Br J

Cancer 2008; 99(11): 1916–1922.

29. Wentzensen N, Poole EM, Trabert B et al. Ovarian cancer risk factors by

histologic subtype: an analysis from the Ovarian Cancer Cohort

Consortium. J Clin Oncol 2016; 34(24): 2888–2898.

30. McCartney CR, Blank SK, Prendergast KA et al. Obesity and sex steroid

changes across puberty: evidence for marked hyperandrogenemia in pre-

and early pubertal obese girls. J Clin Endocrinol Metab 2007; 92(2):

430–436.

31. Ose J, Poole EM, Schock H et al. Androgens Are Differentially Associated

with Ovarian Cancer Subtypes in the Ovarian Cancer Cohort

Consortium. Cancer Res 2017; 77(14): 3951–3960.

32. Codoner-Franch P, Valls-Belles V, Arilla-Codoner A, Alonso-Iglesias E.

Oxidant mechanisms in childhood obesity: the link between inflamma-

tion and oxidative stress. Transl Res 2011; 158: 369–384.

33. Singer K, Lumeng CN. The initiation of metabolic inflammation in

childhood obesity. J Clin Invest 2017; 127(1): 65–73.

Annals of Oncology Original article

Volume 30 | Issue 2 | 2019 doi:10.1093/annonc/mdy546 | 309


	mdy546-TF1
	mdy546-TF2
	mdy546-TF3
	mdy546-TF4
	mdy546-TF5
	mdy546-TF9
	mdy546-TF10
	mdy546-TF6
	mdy546-TF7
	mdy546-TF8
	mdy546-TF11
	mdy546-TF12

