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BACKGROUND: Evidence is limited on inflammation-related dietary patterns and mortality in ovarian cancer survivors.
METHODS: We examined the associations between pre- and post-diagnosis dietary patterns, including change in diet from before
to after diagnosis, and mortality among 1003 ovarian cancer survivors in two prospective cohort studies. Dietary pattern scores for
empirical dietary inflammatory pattern (EDIP) and Alternative Healthy Eating Index (AHEI) were calculated based on food frequency
questionnaires. We used Cox proportional hazard models to calculate hazard ratios (HRs) and 95% confidence intervals (CIs) for
ovarian cancer-specific and all-cause mortality.
RESULTS: Pre-diagnosis EDIP score and AHEI were not associated with mortality. Among non-high grade serous cases, a higher
post-diagnosis EDIP score was associated with increased risk of all-cause mortality (HR5th vs 1st quintile= 1.95, 95% CI= 1.04–3.67,
p-trend= 0.06). Compared to survivors consuming a low EDIP score diet before and after diagnosis, high post-diagnosis EDIP was
associated with increased risk of ovarian cancer specific mortality (pre-to-post diagnosis low/high, HR= 1.38, 95% CI= 0.99–1.92;
high/high HR= 1.58, 95% CI= 1.09–2.30) and all-cause mortality (low/high HR= 1.44, 95% CI= 1.06–1.95; high/high HR= 1.55,
95% CI= 1.10–2.19).
CONCLUSION: Consuming a more inflammatory dietary pattern post-diagnosis was associated with increased mortality in ovarian
cancer survivors, suggesting limiting the inflammatory potential of diet post-diagnosis could lead to enhanced survivorship.

British Journal of Cancer (2022) 127:1097–1105; https://doi.org/10.1038/s41416-022-01901-8

INTRODUCTION
Ovarian cancer is the second most common cause of gynecologic
malignancy death worldwide [1, 2]. While modest improvement has
been observed in ovarian cancer survival in the past decades [3], the
5-year survival is still low with 49% even in high-resource countries
such as the U.S. [4]. Thus, there is a pressing need to identify
modifiable factors, especially those that can be implemented to
improve survival following an ovarian cancer diagnosis.
Chronic inflammation plays an important role in ovarian cancer

carcinogenesis and progression [5–7]. Greater systemic inflamma-
tion has been associated with worse prognosis among ovarian
cancer patients [8–11]. Dietary factors can influence systemic
inflammation [12]. However, evidence on whether pre- and post-
diagnosis dietary patterns impact survivorship among women with
ovarian cancer is limited. Four studies have examined the
association between pre-diagnosis dietary patterns and survival
among ovarian cancer patients [13–16] with inconsistent results,

and only one study examined changes in pre- and post-diagnosis
dietary patterns, reporting null associations [16]. Here, we examined
the association between pre- and post-diagnosis dietary patterns,
specifically those that are related to higher systemic inflammation
[17, 18], and survival among women with ovarian cancer using data
from two large U.S. based prospective cohorts.

MATERIALS AND METHODS
Study population
The Nurses’ Health Study (NHS) and Nurses’ Health Study II (NHSII) are U.S.
based, ongoing prospective cohort studies established in 1976 and 1989
respectively. NHS enrolled 121,700 female registered nurses aged 30–55
years and NHSII enrolled 116,429 female registered nurses aged 25–42 years.
Details of the study designs have been previously described [19, 20]. In brief,
participants completed questionnaires reporting detailed information on
lifestyle, reproductive, and health-related information at enrollment and
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provided updated information on exposures and incident diseases every two
years thereafter. The response rates have been 85–90% at each cycle. For
dietary assessment, self-administered, semi-quantitative food frequency
questionnaires (FFQ), which have been validated and shown to demonstrate
good correlations with food records, were used [21]. In NHS, diet was
assessed in 1984, 1986, and every four years thereafter. In NHSII, diet was first
assessed in 1991 and every four years thereafter. We identified 1591
confirmed epithelial ovarian cancer cases (1261 from NHS 1976–2016, 330
from NHSII 1989–2017; Fig. 1). Of these cases, we excluded stage IV patients
(n= 173) or those missing stage (n= 107) since this could influence post-
diagnosis questionnaire return, patients who died within one month from
diagnosis (n= 16), those completely missing dietary assessment data during
follow-up (n= 283), and those who had implausible values for total energy
intake (<500 or >3500 kcal per day; n= 9). There were 1,003 confirmed
epithelial ovarian cancer cases included in the pre-diagnosis diet analysis
(743 from NHS, 260 from NHSII) and783 cases included in the post-diagnosis
diet analysis with dietary assessment 1–4 years after diagnosis (575 fromNHS
and 208 from NHSII), and 710 cases in the change in diet analysis with both
pre- and post-diagnosis dietary assessments (510 from NHS and 200 from
NHSII). The study protocol was approved by the institutional review boards
of the Brigham and Women’s Hospital and Harvard T.H. Chan School of
Public Health, and those of participating registries as required. Completion of
the questionnaire implied informed consent.

Ascertainment of ovarian cancer cases and death
New ovarian cancer cases were first self-reported by biennial ques-
tionnaires and subsequently confirmed by either medical record review by
a gynecological pathologist or by linkage with the relevant cancer registry.
Detailed information on disease stage, histological subtype, grade, and
invasiveness were abstracted by the gynecological pathologist blinded to
exposure data.
Deaths were identified by family members, the National Death Index

[22], or the U.S. Postal Service and cause of death was determined by
expert review of death certificates, medical records, and information
from the patients’ next of kin. Ovarian cancer specific mortality (ICD
version 8 codes 1830, 1831, and 1580) and all-cause mortality were
examined as outcomes.

Assessment of dietary patterns and other covariates
In the current study, we examined two dietary scores: the empirical dietary
inflammatory pattern (EDIP) score and the Alternate Healthy Eating Index
2010 (AHEI) as these scores have previously been related to systemic
inflammation(Supplementary Table 1) [17, 18]. EDIP score is a weighted
sum of 18 food groups that are predictive of circulating inflammatory
biomarkers, with higher scores indicating a more pro-inflammatory diet
[17, 23]. The AHEI is calculated based on 11 dietary components that are
associated with reduced risk of chronic diseases [24]. A higher AHEI score
indicates a dietary pattern more compliant to healthy eating, or a more
anti-inflammatory diet. For pre-diagnosis diet, we calculated the cumula-
tive average of EDIP and AHEI scores from all prior dietary assessments up
to one questionnaire (i.e., 2–4 years) to ovarian cancer diagnosis,
representing long-term dietary intake [25]. As sensitivity analysis, we used

EDIP and AHEI scores calculated using diet assessed one cycle prior to
diagnosis (recent diet), which is most comparable to diet assessed in case-
control studies. For post-diagnosis diet, we calculated EDIP and AHEI scores
using diet assessed one to four years after diagnosis to avoid dietary
assessment during active treatment. Information on body mass index (BMI,
kg/m2), smoking status, and nonsteroidal anti-inflammatory drug (NSAID)
use were obtained from the biennial questionnaires. These covariates were
defined from the same questionnaire relevant to the dietary pattern
assessment (i.e. 2–4 years before diagnosis for pre-diagnosis, 1–4 years
after diagnosis for post-diagnosis).

Statistical analysis
To examine the association between pre- and post-diagnosis dietary
patterns and mortality, we used Cox proportional hazard models to calculate
the hazard ratios (HRs) and 95% confidence intervals (CIs) of all-cause or
ovarian cancer-specific death adjusting for age at diagnosis (continuous),
calendar year at diagnosis (continuous), histology (high-grade serous/poorly
differentiated or carcinosarcoma, low-grade serous, or non-serous [i.e.
mucinous, endometrioid, clear cell, transitional/Brenner, or mixed subtypes],
or unknown/ other histology), stage (I, II, III), smoking status (never, ever), BMI
(<25, 25–29.9, ≥30 kg/m2), total energy intake (continuous), and cohort (NHS,
NHSII). Post-diagnosis models were additionally adjusted for NSAID use,
which included aspirin and non-aspirin NSAID use (current user, noncurrent
user, and unknown) since post-diagnosis NSAID use has been associated
with ovarian cancer survival [26]. As sensitivity analysis, we included those
with stage 4 or unknown stage cases. The dietary pattern scores were
categorized into quintiles and linear trend across quintiles was evaluated
using an ordinal variable. We tested the proportional hazards assumption by
calculatingmultiplicative interaction terms between dietary patterns and the
analytic time scale and comparing models with and without the interaction
terms using the likelihood ratio test. We used random-effects meta-analysis
to test for heterogeneity by cohort. Since there was little evidence of
significant heterogeneity by cohort, we pooled data from NHS and NHSII for
all analyses (Supplementary Table 2, Supplementary Table 3). We conducted
stratified analyses by histotype (i.e. high-grade serous/poorly differentiated
or carcinosarcoma histology vs low-grade serous or non-serous histology).
Since pre-diagnostic diet may have a different impact on survival by smoking
status [14], we also conducted analyses stratified by smoking status. We
tested for potential heterogeneity in associations by using the likelihood
ratio test and compared models with and without interaction terms.
To examine how change in dietary pattern before and after ovarian

cancer diagnosis impacted mortality, we dichotomized pre- and post-
diagnosis EDIP score and AHEI at the median, with low indicating a score
below the median and high indicating a score greater than or equal to the
median. We created the following cross-classified change variable:
Low–Low (reference), representing ovarian cancer patients who persis-
tently consumed low EDIP score diet (less inflammatory diet) or low AHEI
diet (less healthy diet) from pre-to post-diagnosis period (i.e. both scores
below the median); Low-High, representing patients who consumed low
EDIP score diet or low AHEI diet before diagnosis but changed towards
consuming a higher EDIP score diet or higher AHEI diet after diagnosis;
High–Low, representing patients who consumed high EDIP score diet or
high AHEI diet before diagnosis but changed towards consuming a lower

1591 confirmed invasive epithelial ovarian cancer patients

588 excluded
173 Stage IV (NHS 142, NHSII 31)
107 missing stage (NHS 91, NHSII 16)
16 died within 1 month of diagnosis (NHS 15, NHSll 1)
283 missing dietary assessment data (NHS 267, NHSII 16)
9 having extreme total energy intake (NHS 3, NHSII 6)

1003 included in pre-diagnosis analysis (NHS 743, NHSII 260)
783 included in post-diagnosis analysis (NHS 575, NHSII 208)

(1261 NHS, 330 NHSII)

Fig. 1 Flow diagram describing the exclusions in the Nurses’ Health Study (NHS) and Nurses’ Health Study II (NHSII). Extreme total energy
intake is defined as those who had implausible values for total energy intake (<500 or >3500 kcal per day).
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EDIP score diet or lower AHEI diet after diagnosis; High–High, representing
patients who persistently consumed high EDIP score diet or high AHEI diet
from the pre- to post-diagnosis period. We then used Cox proportional
hazard models to examine the association between change in dietary
patterns and risk of overall and ovarian cancer-specific death. All statistical
analyses were conducted using SAS statistical software version 9.4 (SAS
Institute Inc., Cary, North Carolina). All tests were two-sided with
p-value < 0.05 considered as statistically significant.

RESULTS
Among the 1003 ovarian cancer patients included in the pre-
diagnosis diet analysis, we documented 695 total deaths (586 in
NHS and 109 in NHSII) and 606 ovarian cancer-specific deaths (507
in NHS and 99 in NHSII) with median survival time of 3.7 years
(IQR: 1.6–7.7) in NHS and 6.0 years (IQR: 3.1–11.5) in NHSII. Among
the 783 cases included in the post-diagnosis diet analysis, we
documented 496 total deaths (408 in NHS and 88 in NHSII) and
402 ovarian cancer-specific deaths (324 in NHS and 78 in NHSII)
with median survival time of 5.8 years (IQR: 3.5–12.0) in NHS and
7.6 years (IQR: 5.2–13.5) in NHSII.
Baseline clinical characteristics by extreme quintiles of EDIP score

and AHEI were similar at both pre- and post-diagnosis assessment
(Table 1). Median age at diagnosis was 65 years in the pre-diagnosis
analysis and 62 years in the post-diagnosis analysis, with most cases
being stage III and high-grade serous or poorly differentiated
histology. Ovarian cancer survivors consuming diet with the highest
EDIP score (quintile 5), or more pro-inflammatory diet, before and
after diagnosis tended to have greater BMI and were more likely to
report never smoking. We observed low correlation between EDIP
score and AHEI (Spearman correlation=−0.27).
Neither pre-diagnosis EDIP score nor AHEI were significantly

associated with ovarian cancer-specific mortality or all-cause
mortality among women with ovarian cancer when all cases were
combined (Table 2). We observed similar results when examining
pre-diagnosis dietary patterns assessed one cycle prior to
diagnosis (Supplementary Table 4) or included ovarian cancer
cases with stage 4 or unknown stage (Supplementary Table 5).
Similarly, post-diagnosis AHEI were not significantly associated
with all-cause or ovarian cancer-specific mortality among women
with ovarian cancer in primary or sensitivity analyses. However,
higher post-diagnosis EDIP score was suggestively associated
with increased risk of all-cause (HR5th vs 1st quintile= 1.21, 95%
CI= 0.91–1.62, p-trend= 0.12) and ovarian cancer specific mor-
tality (HR5th vs 1st quintile= 1.24, 95% CI= 0.90–1.71, p-trend=
0.11). To assess a potential threshold effect, we collapsed quintiles
3 to 5 and compared to quintile 1 and observed a suggestive but
not statistically significant positive associations (all-cause mortal-
ity: HR= 1.22, 95% CI= 0.96–1.56; ovarian cancer specific
mortality: HR= 1.23, 95% CI= 0.94–1.60).
When we stratified by histotype, among the non-high grade

serous cases, a higher post-diagnosis EDIP score (indicating a
more pro-inflammatory diet) was associated with increased risk of
all-cause mortality (HR5th vs 1st quintile= 1.95, 95% CI= 1.04–3.67, p-
trend= 0.06, p-het vs. high grade serous/poorly differentiated
histology= 0.33) but was not statistically significant for ovarian
cancer-specific mortality (HR5th vs 1st quintile= 1.77, 95%
CI= 0.79–3.96, p-trend= 0.24, p-het= 0.97; Table 3) or for the
pre-diagnosis EDIP score. Pre- and post-diagnosis AHEI were not
associated with mortality when stratified by histotype (Supple-
mentary Table 6). When we included ovarian cancer cases with
stage 4 or unknown stage we observed similar results among the
non-high grade serous cases with a higher post-diagnosis EDIP
score being associated with increased risk of all-cause mortality
(HR5th vs 1st quintile= 2.04, 95% CI= 1.10–3.79, p-trend= 0.03) but
no significant association for ovarian cancer specific mortality
(HR5th vs 1st quintile= 1.80, 95% CI= 0.83–3.89, p-trend= 0.19;
Supplementary Table 7). When we stratified by smoking status, we

did not observe significant differences in HRs for mortality
between never and ever smokers for pre-diagnosis EDIP score or
AHEI (data not shown). For post-diagnosis diet, we observed
significant differences in all-cause mortality by smoking status (p-
het= 0.03) with positive associations between post-diagnosis
EDIP score and all-cause mortality risk observed among ever
smokers (Supplementary Table 8).
Next, we examined the change in dietary patterns before and

after diagnosis and mortality among ovarian cancer patients
(Table 4). Compared to those who had a persistently low score
on the EDIP (consistently consumed a low inflammatory diet), those
who persistently scored high on the EDIP (consistently consumed a
high inflammatory diet) had increased risk of ovarian cancer specific
(HRhigh/high vs low/low= 1.58, 95% CI= 1.09–2.30) and all-cause
mortality (HRhigh/high vs low/low= 1.55, 95% CI= 1.10–2.19). Ovarian
cancer survivors who changed from a low EDIP score pre-diagnosis
to high post-diagnosis had a suggestive increased risk of ovarian
cancer specific (HRlow/high vs low/low= 1.38, 95% CI= 0.99–1.92) and
increased risk of all-cause death (HRlow/high vs low/low= 1.44, 95%
CI= 1.06–1.95) compared to those who consistently consumed an
anti-inflammatory diet; decreasing EDIP score from pre- to post-
diagnosis was not associated with mortality. We did not observe
associations between change in AHEI from before to after diagnosis
and mortality among ovarian cancer survivors.

DISCUSSION
In our prospective cohort with more than 1000 women diagnosed
with ovarian cancer, pre-diagnosis inflammatory dietary patterns
were not associated with mortality after diagnosis. However, we
observed that consuming a more pro-inflammatory diet post-
diagnosis was associated with a suggestive increase in mortality
among ovarian cancer survivors overall and among those with
non-serous tumors. Furthermore, when examining change in
dietary patterns before and after ovarian cancer diagnosis,
consuming a more pro-inflammatory diet post-diagnosis was
associated with increased risk of both ovarian cancer-specific and
all-cause death compared to those who persistently consumed a
less inflammatory diet before and after diagnosis.
Inflammation-related dietary patterns have been reported to be

associated with an increased risk of all-cause mortality and worse
prognosis in multiple cancer types [27–32]. However, in ovarian
cancer, only two case-control studies have examined the associa-
tion between pre-diagnosis pro-inflammatory dietary patterns
(assessed using the dietary inflammatory index) and mortality and
both reported null associations overall [14, 15], which is in line with
our findings. One prospective cohort study and one case-control
study examined the association between pre-diagnosis high-quality
diet (assessed using HEI or AHEI) and mortality among ovarian
cancer survivors with conflicting results; the case-control study
reported a null association (HR3rd vs 1st tertile= 1.12, 95%
CI= 0.84–1.51) [16] and the prospective cohort study reported an
inverse association with all-cause mortality (HR3rd vs 1st tertile= 0.73,
95% CI= 0.55–0.97) [13]. Three other studies examining individual
dietary components reported higher intake of vegetables pre-
diagnosis was associated with lower risk of all-cause death [33–35].
All studies except one were case-control studies in which recall bias
may have impacted their pre-diagnosis dietary exposure assess-
ment. Our study differed from prior studies as we had repeated
measurement of diet assessed prospectively both before and after
diagnosis and used cumulative average of pre-diagnosis diet as the
primary exposure which is more likely to reflect the long-term
average diet and less prone to measurement error. We also used an
empirical diet score that directly predicts systemic inflammation in
healthy individuals [17].
To our knowledge, this is the first study to report that

consuming a more pro-inflammatory diet post-diagnosis was
associated with increased risk of all-cause mortality among
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ovarian cancer survivors with non-high grade serous histology.
However, we did not observe statistically significant heterogeneity
in the associations by histotype, possibly due to limited statistical
power. Since some of the non high-grade serous histology (e.g.
endometrioid, low grade serous) are more likely to be diagnosed
at an earlier stage compared to high-grade serous ovarian cancer
cases and therefore have better survival outcomes in general [36],
exposure to pro-inflammatory diet after diagnosis may be more
relevant to these ovarian cancer survivors and could increase their
risk of death from other chronic diseases [27, 28]. It is also possible
that factors that impact ovarian cancer progression may differ by
histotype given the difference in etiology [37], although evidence
is still limited on post-diagnosis factors associated with ovarian
cancer survival. Only one study, the African-American Cancer
Epidemiology Study (AACES) reported that pre-diagnosis exposure
to greater pro-inflammatory diet being associated with increased
risk of all-cause mortality among women with high-grade serous
cancer [14]. Additionally in AACES, pre-diagnosis exposure to
greater pro-inflammatory diet was positively associated with
mortality among women who had ever reported cigarette

smoking, but not among never smokers. In our data, we did not
observe meaningful differences by cigarette smoking status for
pre-diagnosis diet. However, we observed that post-diagnosis
exposure to greater pro-inflammatory diet was positively asso-
ciated with all-cause mortality among ever smokers but not for
never smokers. We previously reported post-diagnosis smoking
being associated with increased mortality compared to never
smoking [38]. Smoking enhances progression and metastasis of
ovarian cancer cells [39] and could also alter drug metabolism [40],
leading to increased mortality among ovarian cancer survivors
undergoing treatment. Thus, additional exposure to greater
systemic pro-inflammation through post-diagnosis diet could
accelerate tumor progression and thereby leading to worse
prognosis. Furthermore, smoking and greater consumption of
pro-inflammatory diet is associated with increased all-cause
mortality [29, 41] and therefore ovarian cancer survivors exposed
to both could be at greater risk of all-cause mortality compared to
those who are exposed to neither.
Interestingly, when we examined change between pre-

and post-diagnosis diet in relation to survival, ovarian cancer

Table 2. Association between pre-diagnosis and post-diagnosis dietary scores and mortality among women with ovarian cancer, NHS and NHSII.

Ovarian cancer-specific mortality All-cause mortality

Total cases, n Deaths, n HR (95% CI) Deaths, n (%) HR (95% CI)

Pre-diagnosis EDIP score

Quintile 1 200 128 ref 142 ref

Quintile 2 201 125 0.93 (0.72–1.19) 145 0.97 (0.77–1.23)

Quintile 3 201 123 0.91 (0.71–1.17) 141 0.95 (0.75–1.21)

Quintile 4 201 121 0.95 (0.74–1.23) 144 1.04 (0.82–1.33)

Quintile 5 200 109 0.85 (0.65–1.11) 123 0.84 (0.65–1.09)

p-trend – – 0.32 – 0.38

Post-diagnosis EDIP score

Quintile 1 156 74 ref 91 ref

Quintile 2 157 80 1.05 (0.76–1.45) 100 1.09 (0.81–1.45)

Quintile 3 157 85 1.30 (0.95–1.79) 100 1.26 (0.94–1.69)

Quintile 4 157 81 1.22 (0.88–1.69) 104 1.25 (0.93–1.67)

Quintile 5 156 82 1.24 (0.90–1.71) 101 1.21 (0.91–1.62)

p-trend – – 0.11 – 0.12

Pre-diagnosis AHEI

Quintile 1 200 122 ref 134 ref

Quintile 2 201 125 0.79 (0.61–1.02) 143 0.81 (0.63–1.03)

Quintile 3 201 123 0.87 (0.67–1.12) 140 0.89 (0.70–1.14)

Quintile 4 201 116 0.73 (0.56–0.94) 137 0.77 (0.61–0.99)

Quintile 5 200 120 0.95 (0.73–1.22) 141 0.99 (0.77–1.26)

p-trend – – 0.52 – 0.86

Post-diagnosis AHEI

Quintile 1 139 72 ref 87 ref

Quintile 2 136 66 1.02 (0.73–1.43) 86 1.14 (0.84–1.55)

Quintile 3 139 74 1.20 (0.86–1.66) 89 1.30 (0.96–1.76)

Quintile 4 139 70 1.05 (0.75–1.48) 88 1.16 (0.86–1.58)

Quintile 5 139 64 1.12 (0.79–1.60) 78 1.26 (0.92–1.74)

p-trend – – 0.50 – 0.17

Models adjusted for age at diagnosis, calendar year at diagnosis, histology, stage, smoking status, body mass index (<25, 25–29, 30+), and total energy intake.
Post-diagnosis model additionally adjusted for nonsteroidal anti-inflammatory drug (NSAID) use, which included aspirin and non-aspirin NSAID use.
Pre-diagnosis diet is the cumulative average of the dietary scores up to 1 cycle prior to diagnosis. Post-diagnosis diet was assessed 1 to 4 years after diagnosis.
Post-diagnosis AHEI analyses included 692 ovarian cancer cases.
AHEI alternative healthy eating index, CI confidence interval, EDIP empirical dietary inflammatory pattern score, HR hazard ratio, NHS Nurses’ Health Study, NHSII
Nurses’ Health Study II.
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survivors who consistently consumed a higher pro-inflammatory
dietary pattern had a greater risk of both all-cause and
ovarian cancer-specific death versus those who consistently
consumed an anti-inflammatory diet. One prior study examined
change in dietary patterns, including AHEI, before and after
ovarian cancer diagnosis and reported null associations [16].
However, this study did not examine pro-inflammatory dietary
patterns and had participants recall pre-diagnosis diet.
Our results on change in diet before and after diagnosis
somewhat conflicts with our results on post-diagnosis pro-
inflammatory diet and mortality, which could be due to a
threshold effect. Another possible reason for this observation is
that those survivors categorized as consuming lower (or higher)
EDIP score diet at both pre- and post-diagnosis may have truly
consumed a lower (or higher) pro-inflammatory diet at post-
diagnosis since dietary patterns are generally consistent over
time [42–44], and therefore the analysis on change in diet
may have had less misclassification in the reference group.
While replication is needed on larger, independent datasets,
our results suggest limiting increase in the inflammatory
potential of diet post-diagnosis may be beneficial for ovarian
cancer survivors.
We previously reported that pro-inflammatory dietary pattern

was not associated with ovarian cancer risk [45], however, in the
current study we observed that post-diagnosis pro-inflammatory
dietary patterns may be associated with mortality. Interestingly,
studies have reported differences in factors associated with
ovarian cancer risk and survival, which suggests that factors that
impact carcinogenesis may be different from factors that stimulate
cancer progression and possibly treatment resistance. Inflamma-
tion can stimulate ovarian cancer progression and treatment
resistance. Pro-inflammatory cytokines such as TNF-α enhances
ovarian cancer metastasis [46, 47] and IL-6 promotes chemoresis-
tance in ovarian cancer [48]. Thus, it is plausible that post-
diagnosis exposures to a more pro-inflammatory diet may lead to
worse prognosis in women with ovarian cancer.
The reasons why we only observed significant observation for

EDIP score and not for AHEI is not entirely clear. However, since
the EDIP score was derived based on food groups most predictive
of systemic inflammatory biomarkers, it is possible that EDIP score
is capturing more precisely the dietary exposure that modulate
systemic inflammation, which may be more relevant to progres-
sion and survival outcomes for ovarian cancer.

Major strengths of the present study include the prospective
design, access to detailed, repeated information on diet and
other covariates assessed prior to and after ovarian cancer
diagnosis (minimizing the potential impact of change in diet due
to preclinical symptoms and recall bias), long follow-up period,
and availability of cause of death. We used cumulative average of
dietary patterns as the pre-diagnosis exposure, using the
repeated diet assessments rather than a single diet assessment,
as this has been shown to reduce measurement error and reflect
long-term diet [25]. Importantly, our study also had post-
diagnosis diet information as well as detailed covariate informa-
tion allowing us to examine the change in dietary patterns before
and after ovarian cancer diagnosis in relation to mortality.
However, due to the limited sample size in our study, we could
not conduct a more detailed stratified analysis by individual
histologic subtypes. It is likely that our analysis was limited with
power to detect statistically significant associations especially in
the stratified analyses. Our findings may have limited general-
izability since all ovarian cancer survivors were healthcare
professionals residing in the U.S. with the majority being white.
While these results suggest adhering a less pro-inflammatory diet
post-diagnosis may improve survival outcomes among ovarian
cancer patients, validation of our results in larger, more diverse,
independent studies is necessary.
In conclusion, our findings from two large prospective cohort

studies provide evidence that pre-diagnosis inflammation-asso-
ciated dietary patterns are not associated with mortality among
ovarian cancer survivors. While the magnitude of associations
observed are not large, which suggests that other factors,
including clinical characteristics such as tumor histology and
patient characteristics such as age, may have larger impact on
survival outcomes compared to pre- or post-diagnosis diet, our
results support that reducing pro-inflammatory diet among
ovarian cancer survivors could have a small but positive impact
on survival. If confirmed, these results suggest advising ovarian
cancer survivors to adhere to an anti-inflammatory diet could lead
to enhanced survivorship.

DATA AVAILABILITY
The data generated in this study are not publicly available but are available upon
request. Further information including the procedures to obtain and access data from

Table 4. Change in dietary patterns from pre-diagnosis to post-diagnosis and mortality among women with ovarian cancer, NHS and NHSII.

Ovarian cancer specific mortality All-cause mortality

Total cases, n Deaths, n HR (95% CI) Deaths, n HR (95% CI)

EDIP score

Low–Low 257 132 ref 157 ref

Low–High 98 54 1.38 (0.99–1.92) 66 1.44 (1.06–1.95)

High–Low 98 45 1.07 (0.71–1.61) 57 1.16 (0.79–1.68)

High–High 257 138 1.58 (1.09–2.30) 166 1.55 (1.10–2.19)

AHEI

Low–Low 229 117 ref 142 ref

Low–High 81 37 1.04 (0.71–1.53) 41 0.97 (0.68–1.39)

High–Low 81 43 0.92 (0.60–1.43) 52 0.89 (0.60–1.32)

High–High 230 116 1.10 (0.71–1.70) 143 1.08 (0.73–1.60)

EDIP score and AHEI were dichotomized at the median. Low–Low, the reference category, represents participants who persistently consumed low EDIP score
diet or AHEI (below the median) from pre- to post-diagnosis period.
Models were adjusted for age at diagnosis, calendar year at diagnosis, histology, stage, smoking status, body mass index (<25, 25–29, 30+), total energy intake,
nonsteroidal anti-inflammatory drug (NSAID) use, pre-diagnosis cumulative average EDIP score or AHEI.
AHEI alternative healthy eating index, CI confidence interval, EDIP empirical dietary inflammatory pattern score, HR hazard ratio, NHS Nurses’ Health Study, NHSII
Nurses’ Health Study II, p-het p-heterogeneity.
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the Nurses’ Health Studies is described at https://www.nurseshealthstudy.org/
researchers (contact email: nhsaccess@channing.harvard.edu).
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