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Abstract

Background There is currently a lack of comprehensive evidence regarding the correlation between Alternate
Mediterranean Diet (AMED) and the survival of patients with ovarian cancer (OC). This prospective cohort study first
assessed the association of AMED, not only pre-diagnosis and post-diagnosis but also the change from pre-diagnosis
to post-diagnosis with OC survival.

Methods A total of 560 OC patients were included in the study, and their dietary intake was assessed using a reliable
111-item food frequency questionnaire. The overall survival (OS) of the patients was monitored through active follow-
up and review of medical records until February 16th, 2023. Cox proportional hazard regression models were utilized
to compute the hazard ratios (HRs) and their corresponding 95% confidence intervals (Cls).

Results Out of the total 560 patients with OC, 211 (37.68%) succumbed during a median follow-up period

of 44.40 months (interquartile range: 26.97-61.37). Comparative analysis indicated a significant association

between the highest tertiles of pre-diagnosis (HR =0.59; 95% Cl 0.38-0.90; P, <0.05) and post-diagnosis (HR=0.61;
95% CI 0.41-0.91; P;;epng <0.05) AMED intake and improved OS as opposed to the lowest tertile. Additionally, a sig-
nificant linear trend was observed for AMED and OC survival. Notably, decreased intake (more than 5% change)

and significantly increased intake (more than 15% change) of AMED from pre-diagnosis to post-diagnosis were linked
to worse and better OS, respectively, when compared to the stable intake group (change within 5%). Furthermore,
patients displaying consistently higher AMED intake both before and after diagnosis experienced enhanced OS

in comparison to those with consistently low AMED intake (HRyigh-tigh vs. Low-Low = 0:47; 95% CI 0.31-0.70).
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Conclusion High pre-diagnosis and post-diagnosis AMED was associated with an improved OS in patients with OC,
suggesting that maintaining a consistently high intake of AMED could potentially benefit the prognosis of OC.

Keywords Alternate Mediterranean Diet, Cohort, Ovarian cancer, Survival

Introduction

Ovarian cancer (OC) ranks as the second leading cause
of mortality among gynecologic malignancies on a global
scale. In 2022, 324,398 new cases of OC were diagnosed
and 206,839 new deaths were reported globally [1]. Given
the insignificant and non-specific early symptoms, most
patients with OC are already in advanced stages when
they are diagnosed and have a short survival time [2].
Although surgery, chemotherapy, and some innovative
treatments have been used to treat OC [3], the prognosis
remains less than ideal. Thus, there is a pressing need to
identify modifiable factors [4], such as diet [5], that may
be implemente d to improve survival following an OC
diagnosis.

In recent years, with the development of nutritional
epidemiology, the relationship between dietary pat-
terns and cancer risk and prognosis has received exten-
sive attention [6]. Among them, the Mediterranean Diet
(MED) is a widely recognized healthy eating pattern, and
its role in preventing chronic diseases and cancers has
been confirmed in several studies [7]. However, consider-
ing the differences in dietary patterns in different regions
and cultural contexts, researchers have begun to explore
alternative models of the MED, the Alternate Mediterra-
nean Diet (AMED), to better adapt to the dietary charac-
teristics of different populations. The AMED retains the
core elements of the MED, such as increasing the intake
of healthy foods like olive oil, whole grains, vegetables,
fruits, nuts, and legumes, while incorporating local ingre-
dients and eating habits to make it more regional and
culturally adaptable [8]. Of note, the AMED has garnered
significant attention due to its myriads of health benefits,
spanning from cardiovascular diseases and neurode-
generative disorders to cancer prevention and mortality
reduction [9-11].

The growing body of scientific evidence indicates that
the AMED could potentially play a crucial role in enhanc-
ing cancer prognosis, including OC, owing to its compre-
hensive and well-balanced nutritional composition [12].
The majority of prior studies have primarily investigated
the association between AMED and the occurrence of
OC [13]. However, research focusing on the progno-
sis of AMED in relation to OC is limited. To date, only
one prospective cohort study, published in 2024, has
examined the correlation between AMED and OC sur-
vival. The study revealed that better AMED was associ-
ated with lower all-cause mortality [12]. Nevertheless, no

prior studies have investigated changes in AMED intake
before and after the diagnosis of OC. Therefore, we car-
ried out the present study to assess the association of
AMED diet, not only pre-diagnosis and post-diagnosis
but also the change from pre-diagnosis to post-diagno-
sis with OC survival based on a prospective cohort of
patients with OC in China, the Ovarian Cancer Follow-
Up Study (OOPS). We hope that this study will lead to
a further comprehensive understanding of the role of
AMED in the improvement of OC outcomes, and pro-
vide a scientific basis for the development of personalized
dietary interventions.

Materials and methods

Study population

The OOPS is a prospective longitudinal cohort study and
aims to collect demographic, clinical, and lifestyle data
from patients with OC to assess their associations with
cancer-related outcomes [14]. By August 2022, the OOPS
recruited 1,082 patients with OC aged 18-79 years via
the Shengjing Hospital of China Medical University. Of
these, 958 (88.5%) patients consented to participate, 936
(86.5%) patients returned the completed study ques-
tionnaire, and 602 (56%) patients provided complete
information on pre-diagnosis and post-diagnosis. After
excluding implausible energy intake (<500 or > 3500 kcal/
day) (n=18), leaving out 11 (10%) or more food items
(n=13), incomplete clinical information (n=11), a total
of 560 (51.8%) patients with OC were eligible for this
analysis [15] (Fig. 1). The study was approved by the
Institutional Review Board of the Ethics Committee of
Shengjing Hospital of China Medical University, and all
patients signed informed consent before participation.

Data collection

In summary, data on pre-diagnosis were collected
through a questionnaire administered at the time of
diagnosis, and post-diagnosis data were gathered via
another questionnaire 12 months following diagnosis
[16]. We obtained information on demographics and
lifestyle factors, such as dietary intake, physical activ-
ity, smoking status, alcohol consumption, tea drinking,
education level, income, parity, and menopausal status,
through self-administered questionnaires both at diag-
nosis and 12 months subsequently. The anthropometric
measurements, including height and weight, were col-
lected by trained staff using standardized techniques and
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1082 patients enrolled in the ovarian cancer
follow-up study (OOPS)
(Between January 2015 and August 2022)
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Excluded (n=146):
o Refused to participate (n=97)
¢ Did not return the completed
questionnaire (n=49)

[ 936 patients were included ]

Excluded (n=334):
¢ Did not provide complete pre-
and post- diagnosed information

Excluded (n=42):
e Abnormal caloric intake (n=18)
e Omitted 11 (10%) or more food frequency
questionnaire items (n=13)
e Lack of crucial clinical information (n=11)

R’

[ 602 patients were included }

1

560 patients were included in the
final analysis

|
Fig. 1 The flow of participants in the Ovarian Cancer Follow-up Study (OOPS)

equipments. Body mass index (BMI) was calculated as
weight in kilograms divided by height in squared meters.
In addition, clinical characteristics were abstracted using
the Shengjing Hospital information system’s electronic
medical records. These characteristics included age at
diagnosis (continuous, years), histological type (serous or
non-serous), International Federation of Gynecology and
Obstetrics (FIGO) stage (I-II or III-IV), residual lesions
(no,<1, or>1 cm), and comorbidities (hypertension, cor-
onary heart disease, diabetes, etc.) (yes or no) [17].

Dietary exposure assessment

Diet information was collected at recruitment using a
111-item food frequency questionnaire (FFQ), which
has been verified to have reasonable reliability and valid-
ity [18]. Most food groups had repeatability coefficients
above 0.5, and most food groups between the FFQ and
weighted diet records had Spearman correlation coef-
ficients between 0.3 and 0.7. In this study, participants
were asked to retrospectively estimate, on average, the
year before and after OC diagnosis, how often they con-
sumed each food listed as well as the frequencies of cook-
ing methods for meat and vegetables. Intake frequency
was divided into 7 categories (“almost never’, “2—3 times
per month’, “1 time per week’, “2—3 times per week’, “4—6
times per week’, “1 time per day’, and “>2 times per
day”). Each individual’s food intakes (grams/day) were

calculated based on consumption frequencies and stand-
ard portion sizes. In addition, the average daily nutrient
intake was calculated by multiplying the consumption
frequency of each food item by the nutrient content of
the specified portions, followed by summing the nutrient
content across all food items consumed by a participant.
The nutrient contents were determined based on the
Chinese Food Composition Table [19].

Assessment of Alternate Mediterranean Diet score

The AMED score was adapted from the Mediterranean
diet scale by Trichopoulou et al. [20]. Our components
include vegetables (excluding potatoes), fruits, nuts,
whole grains, legumes, fish, the ratio of monounsatu-
rated to saturated fat, red and processed meats, and alco-
hol [21, 22]. Participants with intake above the median
intake received 1 point for these categories except red
and processed meat and alcohol; otherwise, they received
0 points (Supplementary Table S1). For the red and pro-
cessed meat consumption below the median received 1
point. We assigned 1 point for alcohol intake between 5
and 15 g/d, which represents approximately one 12-oz
can of regular beer, 5 oz of wine, or 1.5 oz of liquor. The
possible score range for AMED was 0 to 9, with higher
scores representing a closer resemblance to the Mediter-
ranean diet. Consumption of each food group was stable
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across time except for a trend toward a decrease in alco-
hol and red/processed meat intake [23].

Follow-up and outcome

The vital status of participants was ascertained through
a combination of active and passive follow-up methods.
During the active follow-up, face-to-face interviews with
patients were conducted to gather updated information.
For the passive follow-up, health outcomes and medical
records for all deceased participants were acquired from
the Liaoning Province Center for Disease Control and
the information system at Shengjing Hospital. The main
outcome of this study was overall survival (OS). Survival
time was defined as the interval between the histological
diagnosis of OC and the date of death from any cause or
the date of last follow-up (February 16, 2023) for patients
who were still alive.

Statistical analysis

Continuous variables were shown as mean with stand-
ard deviation (SD) or median with interquartile (IQR),
whereas categorical variables were presented as num-
bers with percentages. The discrepancy in clinical and
demographic featured by tertiles of the pre-diagnosis
and post-diagnosis AMED scores was evaluated using
the Chi-square test for categorical variables and one-way
analysis of variance or the Kruskal-Wallis test for contin-
uous variables. The Kaplan—Meier technique was applied
to estimate crude survival probabilities and plot crude
survival curves. Furthermore, we undertake a nonlinear
analysis to examine the collinearity among the covari-
ates, thereby enhancing the robustness of our statistical
assessments.

The Cox proportional hazards regression model was
used to assess the associations of the pre-diagnosis and
post-diagnosis AMED with OS by calculating the hazard
ratios (HRs) and 95% confidence intervals (Cls). The pro-
portional hazards assumption was tested by adding an
interaction term between each activity variable and log
survival time. If the proportional risk hypothesis is not
satisfied (P<0.05), the time-dependent Cox regression
model is used. The AMED score was categorized into
tertile, with the lowest tertile as a reference. The P values
for linear trend were calculated by allocating the median
value of each tertile for index scores as a continuous term
in Cox regression models. Continuous intakes were also
calculated by 1 SD increment of each AMED score. The
selection of confounders was based on prior knowledge
and directed acyclic graphs (Supplementary Figure S1)
[24].

For the analyses of pre-diagnosis and post-diagno-
sis AMED scores as the exposure, we developed three
models. In model 1, we adjusted for age at diagnosis
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(continuous, years), BMI (continuous, kg/m?), and total
energy intake (continuous, kcal/day). In model 2, we fur-
ther adjusted for education (junior secondary or below,
senior high school/technical secondary school, or junior
college/university or above), smoking status (yes or no),
income (<5,000, 5,000-10,000 or>10,000Yuan/month),
physical activity (continuous, metabolic equivalent task/
hours/week), and menopausal status (yes or no) based on
model 1. Model 3 was further adjusted for clinical char-
acteristics, including histological type (non-serous or
serous), residual lesions (yes or no), comorbidities (yes or
no), and FIGO stage (I-1I or III-IV) based on model 2.

To investigate how a change in AMED score before
and after OC diagnosis, we divided participants into four
groups of changes based on the number of participants
in each group: no change or relatively stable (+ 5%, refer-
ence group), decrease (>5%), increase (5%-15%) and sig-
nificantly increase (> 15%). Additionally, a cross-classified
change model was utilized to categorize pre-diagnosis
and post-diagnosis AMED scores into four groups: con-
sistently low intake (reference), consistently high intake,
and inconsistent intake [25]. Cox proportional hazard
models were then employed to analyze the correlation
between changes in AMED score and OS. In the mod-
els, we adjusted for the same covariates and additionally
adjusted for the initial AMED score (tertile), change in
total energy intake (quintile), change in BMI (quintile),
change in smoking status (categorical), and change in
physical activity (quintile) [26].

To assess the robustness of our findings, we performed
subgroup analyses stratified by the age at diagnosis (<50
and>50 years), BMI (<24 and >24 kg/m?), menopausal
status (no and yes), histological types (serous and non-
serous), FIGO stage (I-II and III-IV), residual lesions (no
and yes), and parity (<1 and>1). The additive and mul-
tiplicative interactions were both evaluated between the
AMED score and these stratified variables [27]. Based on
the multivariable Cox models, a cross-product term was
included to explore the potential multiplicative interac-
tions. The additive interactions were estimated by calcu-
lating the relative excess risk due to interaction.

To further analyze and verify the stability of the results,
we conducted two sensitivity analyses. First, we excluded
patients who died within one year after diagnosis in our
cohort to account for potential reverse causation. Sec-
ond, we calculated the E-value, which is an alternative
approach to sensitivity analyses for unmeasured con-
founding in observational studies [28]. E-value repre-
sents how strong would the unmeasured confounding
have to be to negate the observed results [28]. The higher
the E-value is, the stronger the unmeasured confound-
ing must be to explain the observed association [29]. All
statistical analyses were conducted using SAS version 9.4
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(SAS Institute, Cary, NC, USA). Two-sided P<0.05 were
considered statistically significant.

Results

We summarized the characteristics of the 560 patients
with OC according to their alive and deceased status
(Supplementary Table S2). Of these participants, a total
of 211 all-cause deaths (37.68%) were recorded during
a median of 44.40 months of follow-up (IQR: 26.97—
61.37 months). Among the patients who died, the mean
(SD) pre-diagnosis and post-diagnosis AMED scores
were 27.63 (5.08) and 28.90 (5.04), respectively. For alive
patients, the corresponding mean (SD) pre-diagnosis
AMED score was 28.06 (4.97), and the post-diagnosis
AMED score was 29.46 (5.00).

Table 1 displays the fundamental characteristics of
patients with OC, categorized by their pre-diagnosis
and post-diagnosis AMED scores. Patients with elevated
AMED scores, both pre-diagnosis and post-diagnosis,
were predominantly postmenopausal and had extended
follow-up durations. Furthermore, those with higher
pre-diagnosis AMED scores exhibited higher monthly
incomes and were more frequently diagnosed with the
serous histological subtype in contrast to those with
lower AMED scores. Additionally, patients with height-
ened post-diagnosis AMED scores demonstrated greater
physical activity. The presence of larger residual lesions
and advanced FIGO stages were significantly corre-
lated with worse survival, as detailed in Supplementary
Table S3. Moreover, Supplementary Figure S2 and S3
graphically illustrates the relationship between both pre-
diagnosis and post-diagnosis AMED scores, as well as
their variations, and OC survival.

Table 2 shows the associations between pre-diag-
nosis and post-diagnosis AMED scores and the OS of
patients with OC. The highest tertile of AMED scores
was associated with better OS compared with the low-
est tertile (pre-diagnosis: HR=0.59, 95% CI 0.38-0.90,
Ptrend =0.02; post-diagnosis: HR=0.61, 95% CI 0.41-
0.91, Ptrend =0.01). However, the risk estimating per SD
increment in AMED score was significant only in pre-
diagnosis (HR=0.78, 95% CI 0.66—0.92).

Compared with patients who maintained a relatively
stable AMED score (change within 5%), individuals with
decreased AMED score (change of more than 5%) from
pre-diagnosis to post-diagnosis had a 66% higher all-
cause mortality (95% CI 1.11-2.50) (Table 3). For those
patients who had increased AMED score (change of more
than 15%) from pre-diagnosis to post-diagnosis had a
lower risk of all-cause mortality (HR=0.59, 95% CI 0.38—
0.90). In addition, patients with OC who adhered to a
high AMED score had a lower risk of all-cause mortality,
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compared to those with consistently low AMED score
(HR=0.47, 95% CI 0.31-0.70) (Table 4).

In the subgroup analyses stratified by demographical
and clinical characteristics, the results agreed with the
main findings. No significant interactions were found
except for pre-diagnosis age subgroups (P=0.01 for
additive interaction) (Fig. 2). Upon conducting a com-
prehensive nonlinear analysis, we found no evidence of
collinearity among the covariates, ensuring the validity
and reliability of our statistical model.

In the sensitivity analyses, an initial 1-year lagged anal-
ysis was conducted. The directional consistency of these
results largely aligned with the main findings, though not
all demonstrated statistical significance (Supplementary
Table S4). Additionally, E-values were computed to assess
the potential effect of unmeasured confounders. The cal-
culated E-values were 3.01 for the pre-diagnosis AMED
score and 3.27 for the post-diagnosis AMED score (Sup-
plementary Table S5). These values suggested that the
observed associations may result from residual con-
founding if unmeasured variables exhibit relative risks
with OC survival and AMED scores at least as strong as
the E-values.

Discussion

Main ndings

This study was the initial report of the association
between pre-diagnosis and post-diagnosis adherence to
AMED and OS among patients with OC within the con-
text of a prospective cohort study. The findings indicated
that higher pre-diagnosis and post-diagnosis AMED
scores were correlated with improved OS. Moreover, our
results suggested that consistent adherence to a high-
AMED diet pre-diagnosis and post-diagnosis was linked
with a reduction in OS compared with maintaining low-
AMED diet scores.

The AMED score has been reported to be linked to an
increased risk of all-cause mortality and poor prognosis
across various cancer types in some prospective cohorts
[11, 30-32]. Thus far, scarce evidence has evaluated the
relationship between AMED scores and OC survival.
Notably, only one cohort study probed the relationship
between the high pre-diagnosis AMED score and low OC
risk as well as better survival, which was consistent with
the results of our study [12]. This study was conducted
within the NIH-AARP Diet and Health Study. Better pre-
diagnosis diet quality according to the AMED (Quintile
5 vs Quintile 1: HR=0.68, 95% CI 0.53-0.87) was asso-
ciated with lower all-cause mortality. Furthermore, some
studies have reported the association between the AMED
score and cause-specific mortality [33]. Findings from
the Nurses’ Health Study and the Health Professionals
Follow-up Study showed that compared the highest with
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Characteristics  Pre-diagnosis AMED score Pvalue Post-diagnosis AMED score Pvalue
Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3
No. of deaths/ 69/154 76/201 66/205 88/182 53/156 70/222
patients
Follow-up time, 4375 (23.57- 4067 (24.63- 4817 (30.27- 001 34.78(20.40- 46.22 (31.05- 4793 (31.10- <001
months 56.20) 57.83) 68.03) 55.43) 61.02) 64.70)
Total energy 107240 (881.49- 1295.87 177551 <001 122320(95057- 1313.34 153044 <001
intake, kcal/day ~ 1314.59) (1010.93- (1380.09- 1493.99) (1005.36— (1160.77-
1616.14) 2183.83) 1735.40) 1900.78)
Physical activity, 11.21 (6.10— 10.29 (5.90- 10.29 (5.60— 083 9.41(447-16.07) 9.45(5.60-17.93) 11.80(6.89- 0.01
MET*h/d 17.09) 17.66) 18.85) 19.79)
Age at diagnosis 0.67 0.39
(years)
<50 53 (34.42) 78 (38.81) 78 (38.05) 61 (3352) 59 (37.82) 89 (40.09)
>50 101 (65.58) 123 (61.19) 127 (61.95) 121 (66.48) 97 (62.18) 133(59.91)
Educational level 0.80 049
Junior 94 (61.04) 116 (57.71) 118 (57.56) 111 (60.99) 90 (57.70) 127 (57.21)
secondary
or below
Senior high 32(20.78) 38(1891) 40 (1951) 38(20.88) 33(21.15) 39(1757)
school/tech-
nical second-
ary school
Junior col- 28 (18.18) 47 (23.38) 47 (22.93) 33(18.13) 33(21.15) 56 (25.22)
lege/univer-
sity or above
Income 0.05 0.49
per month (Yuan
per month)
<5000 100 (64.94) 111 (55.22) 101 (49.27) 99 (54.40) 96 (61.54) 117 (52.70)
5000 34 (22.08) 62 (30.85) 67 (32.68) 55 (30.22) 41 (26.28) 67(30.18)
t0<10000
>10000 20 (12.98) 28 (13.93) 37(18.05) 28 (15.38) 19 (12.18) 38(17.12)
Smoking status 0.20 0.78
Yes 21 (13.64) 22 (10.95) 16 (7.80) 21(11.54) 17 (10.90) 21 (9.46)
No 133 (86.36) 179 (89.05) 189 (92.20) 161 (88.46) 139 (89.10) 201 (90.54)
BMI (kg/m?) 0.39 0.08
<24 93 (60.39) 131 (65.17) 138 (67.32) 106 (58.24) 108 (69.23) 148 (66.67)
>24 61 (39.61) 70 (34.83) 67 (32.68) 76 (41.76) 48 (30.77) 74 (3333)
Menostatus 0.16 085
status
Yes 54 (35.06) 63 (31.34) 53 (25.85) 58 (31.87) 47 (30.13) 65 (29.28)
No 100 (64.94) 138 (68.66) 152 (74.15) 124 (68.13) 109 (69.87) 157 (70.72)
Parity 0.54 013
<1 107 (69.48) 150 (74.63) 146 (71.22) 122 (67.03) 120 (76.92) 161 (72.52)
>1 47 (30.52) 51 (25.37) 59 (28.78) 60 (32.97) 36 (23.08) 61 (27.48)
FIGO stages 0.56 0.72
I 68 (44.16) 82 (40.80) 79 (38.54) 72 (39.56) 68 (4359) 89 (40.09)
[11=\% 86 (55.84) 119 (59.20) 126 (61.46) 110 (60.44) 88 (56.41) 133 (59.91)
Residual lesions 0.66 0.36
Non 124 (80.52) 156 (77.61) 165 (80.49) 144 (79.12) 130 (83.33) 171 (77.03)
<1 21(13.64) 29 (14.43) 31(15.12) 24 (1319) 21 (13.46) 36 (16.22)
>1 9(5.84) 16 (7.96) 9(4.39) 14 (7.69) 5(3.21) 15 (6.75)
Comorbidities 052 042
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Table 1 (continued)
Characteristics  Pre-diagnosis AMED score Pvalue Post-diagnosis AMED score Pvalue
Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3
No 94 (61.04) 118 (58.71) 113 (55.12) 105 (57.69) 97 (62.18) 123 (55.41)
Yes 60 (38.96) 83 (41.29) 92 (44.88) 77 (42.31) 59 (37.82) 99 (44.59)
Histological type 0.01 084
Serous 108 (70.13) 165 (82.09) 146 (71.22) 139 (76.37) 116 (74.36) 164 (73.87)
Non-serous 46 (29.87) 36 (17.91) 59 (28.78) 43(23.63) 40 (25.64) 58 (26.13)

AMED Alternate Mediterranean Diet, FIGO International Federation of Gynecology and Obstetrics stage, MET metabolic equivalent task

Values are numbers (percentages) for categorical variables and median (interquartile range) for continuous variables

Table 2 HRs by AMED scores in ovarian cancer patients?

Characteristics Tertiles of AMED scores P for trend® Continuous (1
SD increament)®
Tertile 1 Tertile 2 Tertile 3
Pre-diagnosis® <25 25-30 =30
N (death/total) 69/154 76/201 66/205
Model 1 1.00 (Ref) 0.86 (062, 1.21) 0.65 (0.43,0.98) 0.04 0.81(0.69, 0.96)
Model 2 1.00 (Ref) 0.88 (0.63, 1.24) 0.66 (0.43, 1.00) 0.05 0.82 (0.69, 0.97)
Model 3 1.00 (Ref) 0.86 (061, 1.21) 059 (0.38,0.90) 0.02 0.78 (0.66, 0.92)
Post-diagnosis® <27 27—32 =32
N (death/total) 88/182 53/156 70/222
Model 1 1.00 (Ref) 058 (0.41,0.83) 0.68 (0.46, 1.00) 0.05 0.84(0.71, 1.00)
Model 2 1.00 (Ref) 0.61 (0.43,0.87) 0.70 (0.48, 1.04) 0.05 0.88 (0.74, 1.05)
Model 3 1.00 (Ref) 0.63 (0.44,0.90) 0.61(0.41,091) 001 0.85(0.71,1.01)

AMED Alternate Mediterranean Diet, Cl con dence interval, HR hazard ratio, Ref reference, SD standard deviation
2 All hazard ratios (95% con dence intervals) were calculated using Cox proportional hazard models

b pre-diagnosis models: Model 1 adjusted for age at diagnosis, pre-diagnosis body mass index, and pre-diagnosis total energy intake; Model 2 further adjusted for
pre-diagnosis cigarette smoking, education, income, pre-diagnosis physical activity, and menopausal status; Model 3 further adjusted for histological type, FIGO
stage, comorbidities, and residual lesions

¢ Post-diagnosis models: Model 1 adjusted for age at diagnosis, post-diagnosis body mass index, and post-diagnosis total energy intake; Model 2 further adjusted for
post-diagnosis cigarette smoking, education, income, post-diagnosis physical activity, and menopausal status; Model 3 further adjusted for histological type, FIGO
stage, comorbidities, and residual lesions

dTest for trend based on variables containing the median value for each tertile
€ The SD values of AMED were 5.08 in the pre-diagnosis, and 5.04 in the post-diagnosis

Table 3 HRs by AMED score changes in ovarian cancer?

Characteristics Decrease (>5%) No change or relatively stable Increase (5%—15%) Increase (>15%)

(£5%)
N (death/total) 66/148 48/133 417127 56/152
HR (95% CI)® 1,59 (1.08, 2.35) 1.00 (Ref) 077 (051, 1.18) 0.73(0.48, 1.10)
HR (95% CI)® 142 (0.95,2.13) 1.00 (Ref) 0.70 (0.46, 1.08) 0,64 (0.42, 0.98)
HR (95% CI)? 1,66 (1.11, 2550) 1.00 (Ref) 073 (047, 1.12) 0.59 (0.38, 0.90)

AMED Alternate Mediterranean Diet, Cl con dence interval, HR hazard ratio, Ref reference
2 All HR (95% Cl) were calculated using Cox proportional hazard models

b Adjusted for age at diagnosis, body mass index, total energy intake, cigarette smoking, education, income, physical activity, menopausal status, and initial
corresponding diet quality score

¢ Further adjusted for change in physical activity, change in body mass index, change in smoking status, and change in total energy intake
9 Further adjusted for histological type, FIGO stage, comorbidities, and residual lesions



Chen et al. Journal of Translational Medicine (2024) 22:860

Table 4 HRs by AMED score change groups in ovarian cancer'

AMED score Total cases, n Deaths, n HR (95%Cl)"
Low-Low 167 72 1.00 (Ref)
Low-High 112 42 0.98 (0.66, 1,46)
High-Low 94 44 1.30 (0.86, 1.98)
High-High 187 53 0.47(0.31,0.70)

AMED Alternate Mediterranean Diet, Cl con dence interval, HR hazard ratio, Ref
reference

T Across-classi ed change model was utilized to categorize dietary Alternate
Mediterranean Diet intake before and after diagnosis into four groups:
consistently low intake (reference), consistently high intake, and inconsistent
intake (low to high; high to low)

* Adjusted for age at diagnosis, education, income, menopausal status, pre-
diagnosis and change in physical activity, pre-diagnosis and change in body
mass index, pre-diagnosis and change in smoking status, pre-diagnosis and
change in total energy intake, histological type, FIGO stage, comorbidities and
residual lesions

the lowest quintiles, the pooled multivariable-adjusted
HRs of total mortality were 0.82 (95% CI 0.79-0.84) for
AMED score [8]. In addition, a prospective cohort study
included 23,212 individuals in the National Health and
Nutrition Examination Survey from 2005 to 2014 showed
that participants with lower AMED had a significantly
higher risk of all-cause mortality (HR=2.16, 95% CI
1.49-3.13) [30].

Additionally, some studies have explored the associa-
tion between the AMED score and the incidence of OC

Pre-diagnosis

Subgroup Death/Total HR (95%CI)

Age at diagnosis (years)

<50 77209 —_—— 0.67 (0.32, 1.40)
> 50 134/351 — 0.66 (038, 1.13)
BMI (kg/m’)
<24 134/362 —— 0.59 (034, 1.03)
>24 77/198 _— 0.67(0.32, 1.39)
Menopause status
Yes 146/390 —— 0.57(0.36, 0.93)
No 65/170 —_—— 0.60 (0.29, 1.25)
Histological types
Serous 171/419 —— 0.63 (0.39, 1.03)
Non-serous 40/141 —_—— 0.47(0.19, 1.16)
FIGO stage
I-11 48/229 — 0.47(1.19, 1.18)
mI-1v 163/331 — 0.71(0.43, 1.18)
Residual lesions
No 138/445 —— 0.82(0.53, 1.26)
Yes 73/115 — 0.57(0.25, 1.28)
Comorbidities
No 137/403 — 0.56 (0.33,0.95)
Yes 74/157 —_— 0.50(0.22,1.12)

0 04

Hazard Ratio(95% Confidence Interval)

038 12 16

P for

interaction *

0.34

0.65

0.49

0.57

0.39
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[34]. A prospective cohort study conducted within the
Nurses’ Health Study, which included 121,700 regis-
tered female participants, found no association between
AMED score and OC risk [13]. In contrast, a report from
the Netherlands Cohort Study indicated middle com-
pared with low AMED score was significantly associated
with a reduced OC risk (HR=0.85, 95% CI 0.36-0.99)
[4].

AMED may impact OC survival directly through bio-
logical pathways and indirectly through adherence to
chemotherapy [35]. The cancer-preventive effect of the
AMED seems biologically plausible. The high intake of
dietary antioxidants in the AMED (e.g., polyphenols and
vitamins from plant foods and olive oil) and the resulting
higher total antioxidant capacity that has been associated
with adherence to this dietary pattern may defend the
body against the DNA-damaging effects of free radicals
and other oxidants [36, 37]. Moreover, the anti-inflam-
matory effects of polyphenols and the favorable fatty acid
profile of the AMED (high in anti-inflammatory omega-3
polyunsaturated fatty acids) may reduce inflammation
[38]. Several additional mechanisms have been proposed
for the cancer-preventive effect of the AMED, which were
among others related to body weight regulation and the
low consumption of red and processed meats [37]. Cer-
tain fermented foods, such as yogurt and kimchi, contain
probiotics and prebiotics that help maintain gut micro-
biome balance [39]. Additionally, nutrients like folic acid

Post-diagnosis

PR uRoswcy . PRro o PRro
interaction interaction interaction
0.01 0.35 0.69
—— 0.55(0.28, 1.10)
— 0.59 (0.34, 1.03)

0.42 0.06 0.07
—— 0.66(0.39, 1.11)
——t 0.47(0.23, 0.96)

0.25 0.38 0.16
—— 0.56 (0.34,0.91)
—— 1.00 (0.49, 2.05)

0.55 0.68 0.54
- 0.67(0.43, 1.04)
a sl 0.74(0.24,2.23)

0.23 0.70 0.91
ol 0.70 (0.29, 1.64)
- 0.61 (0.38, 0.98)

0.85 0.82 0.56
aa 0.63 (0.38, 1.04)
e 0.82(0.39, 1.75)

035 0.68 1.00
-t 0.89 (0.54, 1.48)
Il 0.32(0.14,0.74)

0 04 08 12 1

Hazard Ratio(95% Confidence Interval)

Fig. 2 Subgroup analyses of demographical and clinical characteristics for the associations betweenpre-diagnosis and post-diagnosis Alternate
Mediterranean Diet scores and overall survival among patients with ovarian cancer. HR (95% Cl) shows the results for the highest tertile compared
to the lowest tertile. The Pre-diagnosis model was adjusted for age at diagnosis, pre-diagnosis body mass index, pre-diagnosis total energy intake;
pre-diagnosis cigarette smoking, education, income, pre-diagnosis physical activity, menopausal status; histological type, FIGO stage, comorbidities,
and residual lesions. The Post-diagnosis model was adjusted for age at diagnosis, post-diagnosis body mass index, post-diagnosis total energy
intake, post-diagnosis cigarette smoking, education, income, post-diagnosis physical activity, menopausal status, histological type, FIGO stage,
comorbidities, and residual lesions. Cl, confidence interval; FIGO, The International Federation of Gynecology and Obstetrics; HR, hazard ratio.
3ndicated P-value for multiplicative interaction. "Indicated P-value for additive interaction
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and vitamin B12 play critical roles in DNA methylation,
potentially affecting gene methylation status through
dietary intake [40]. This alteration in gene expression pat-
terns may influence cancer initiation and progression. In
clinical practice, doctors can develop personalized nutri-
tional recommendations based on the specific circum-
stances and health status of patients. At the same time,
doctors can also make appropriate adjustments accord-
ing to patients’ dietary preferences and lifestyle habits to
improve patient compliance and satisfaction.

Strengths and limitations

There are several strengths in our study. Firstly, compared
with previous studies, the present study had relatively
larger sample size to investigate the association between
pre-diagnosis and post-diagnosis diet quality, as well as
their changes and the prognosis of OC. Secondly, Our
FFQ encompasses a broad range of food categories that
participants may consume, including staple foods, non-
staple foods, snacks, beverages, and other categories [18].
It has been tailored and optimized for individuals from
different regions and cultural backgrounds. Additionally,
the questionnaire accounts for the impact of seasonal
and cultural factors on dietary habits, resulting in a more
comprehensive tool suitable for the Chinese population.
To minimize recall bias, we shortened the recall period,
provided detailed food lists and portion size guidance,
and utilized a standardized methodology for processing
FFQ data, thereby reducing error and bias [16, 41]. The
robustness of the FFQ is maintained through continuous
optimization and refinement, leading to a more accurate
assessment of dietary intake among respondents. In addi-
tion, our pre-diagnosis data were collected at the time
of the patients’ initial diagnosis and hospital admission,
which involved summarizing their previous eating habits.
The post-diagnosis data were then collected 12 months
after the diagnosis. Since this study was a non-interven-
tion study, compliance issues do not arise. Further inter-
vention trials are needed to better monitor and enhance
adherence dietary therapy in their studies. Thirdly, unlike
previous studies that only focused on the pre-diagnosis
AMED score, we also focused on the role of post-diag-
nosis and changes from pre-diagnosis to post-diagnosis
in OC survival. In addition, dietary and covariate data
were collected multiple times throughout baseline and
follow-up, which allows us to use long-term and thus
reduce within-person variation. Additionally, the consist-
ency of results from sensitivity analyses suggests that our
findings are robust. Lastly, the detailed data on numerous
exposures, including demographic, reproduction, and
clinical characteristics factors, allowed us to adjust for
multiple confounding factors and reduce potential con-
founding bias.
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Potential limitations should be considered when inter-
preting our findings. First, self-reported dietary intake
by FFQ is prone to recall bias and other types of error
[42]. To mitigate these biases, we implemented stringent
enrollment criteria, enrolling only patients who had been
newly diagnosed with OC to complete the questionnaire.
Second, AMED scores were originally developed for
chronic conditions rather than cancer [43]. We utilized
AMED scores to evaluate diet quality in patients with
OC, which could introduce potential bias. Nonetheless,
several studies have investigated the associations between
AMED scores and the risk or prognosis of cancer [11, 32,
43]. Third, the study’s generalizability was constrained
because participants diagnosed with OC were recruited
exclusively from a single tertiary hospital in China. Nev-
ertheless, it was pertinent to note that the Shengjing
Hospital of China Medical University, where the study
was conducted, stands as a large, contemporary, general,
and digitalized medical institution. The Department of
Obstetrics and Gynecology within this hospital com-
prised 14 wards, accommodating over 850 beds. Fourth,
although we adjusted for many potential confounders
and accounted for changes in the covariates, we were not
able to rule out the influence of residual and unmeasured
confounding in this observational study. Whereas, we
conducted an E-value calculation to quantify the poten-
tial impact of unmeasured confounders, which suggested
that those unmeasured confounders may not significantly
influence the conclusions [29]. Lastly, we failed to explore
the impact of changes in dietary quality on the progres-
sion-free survival of OC in our study. However, evidence
has suggested that progression-free survival might be
similar to OS due to the poor prognosis and short post-
progression survival period of OC [44].

Conclusion

Evidence from our prospective cohort study suggested
a correlation between pre-diagnosis and post-diagnosis
adherence to high AMED scores and improved OS in OC
survivors. Moreover, patients maintaining high AMED
scores demonstrated improved OS compared to those
with consistently low scores. To validate these findings,
further research involving extended follow-up periods
and larger cohorts was recommended.
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