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Abstract
Background  Depression and diet are both common modifiable factors related to mortality rates among individuals 
with cancer, but their combined effects remained underexplored. We aimed to comprehensively evaluate the 
independent and joint association of depressive symptoms and dietary patterns with mortality among cancer 
survivors.

Methods  A cohort of US cancer survivors (3,011 eligible participants, representing 20 million cancer patients) were 
collected from the National Health and Nutrition Examination Survey (NHANES) between 2005 and 2018. Depressive 
symptoms were assessed with the Patient Health Questionnaire (PHQ-9). Based on dietary data from 24-hour recall, 
several well-developed dietary pattern indices were calculated, including Healthy Eating Index-2020 (HEI-2020), 
Alternative Healthy Eating Index (AHEI), Alternate Mediterranean Diet Score (aMED), MED Index in serving sizes from 
the PREDIMED trial (MEDI), Dietary Approaches to Stop Hypertension Index (DASH), DASH Index in serving sizes 
from the DASH trial (DASHI), Dietary Inflammation Index (DII), and DII excluding alcohol (DII [No EtOH]). Kaplan-Meier 
curves and multivariable Cox proportional hazards regression models were conducted to investigate the relationships 
of independent and combined prognostic effects of PHQ-9 score and dietary pattern indices with survival among 
cancer survivors.

Results  In joint analysis, combinations of lower PHQ-9 score with higher HEI-2020, AHEI, aMED or DASH were 
favorably linked to lower risks of overall and noncancer mortality. Representatively, cancer survivors with no to 
minimal depressive symptoms (PHQ-9 score: 0–4) and high adherence to the HEI-2020 had lower risk of all-cause 
(HR = 0.43, 95% CI: 0.24–0.75) and noncancer (HR = 0.29, 95% CI: 0.15–0.55) mortality, when compared to those with 
PHQ-9 score ≥ 10 and low adherence to the HEI-2020. Additionally, a combination of higher adherence to the MEDI 
and lower PHQ-9 scores was linked to a reduced risk of noncancer mortality.

Conclusions  The joints of depressive symptoms and certain dietary patterns were associated with risks of all-cause, 
cancer-specific, and noncancer mortality among cancer survivors. Early psychological counseling and individualized 
dietary strategies are crucial to reduce mortality risk and improve quality of life for this population.
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Background
To date, cancer has represented a significant pub-
lic health and economic challenge worldwide, with 
approximately 20  million new cases and 9.7  million 
cancer-related deaths in 2022 [1]. For individuals up to 
74 years of age, the lifetime risk of developing cancer 
is estimated to be around 20.2% [2]. In the UK popula-
tion, roughly two out of every five people are affected 
by cancer during their entire lifetime [3]. Despite 
gradual advancements in early detection and thera-
peutic interventions over recent decades [4, 5], cancer 
survivors are still faced with considerably reduced life 
expectancy compared to those without cancer. The 
survival of cancer patients could be affected by a range 
of factors, including physiological characteristics, 
socioeconomic status, lifestyle choices, comorbidities, 
tumor types and stages, as well as personalized treat-
ments [6]. Notably, cancer survivors are considered 
to encounter greater mental difficulties which may 
adversely affect both their quality of life and long-term 
survival [6, 7]. Moreover, dietary patterns are another 
modifiable factor that can be readily altered to impact 
survival outcomes [8, 9]. Therefore, it is essential to 
identify mental risk factors and develop appropriate 
dietary strategies to improve the well-being of cancer 
survivors and reduce their risk of mortality.

In recent years, increasing attention has been given 
to the mental health challenges faced by individuals 
with cancer, alongside their physical hardships. Stud-
ies have shown that individuals diagnosed with cancer, 
such as prostate and breast cancer, are at higher risk for 
depression, anxiety, and suicide [10–12]. For instance, 
depression, one of the most common mental disorders, 
is far more prevalent in cancer patients, among which 
up to 20% are affected [13]. Besides, it was reported 
that men with high-risk prostate cancer had nearly 
double the risk of developing major depression and 
dying by suicide [10]. In turn, mental health problems 
could also adversely affect carcinogenesis, progression, 
therapeutic efficacy and outcomes of cancer. A meta-
analysis of cohort studies revealed that depression was 
associated with an increased cancer-specific mortal-
ity risk across various cancer types, including lung, 
bladder, breast, colorectal, hematopoietic, kidney, 
and prostate cancers [14]. Although the relationship 
between depression and cancer outcomes has been 
well-established as described above, existing research 
remains inadequate due to various limitations, such 
as study design, insufficient follow-up, interference 
from confounding factors, and substantial heteroge-
neity across different cancer types [14]. In addition 

to depressive symptoms, dietary patterns are also an 
established modifiable factor that could significantly 
affect the incidence and mortality of cancer. Accord-
ing to the guidelines of the American Cancer Society 
(ACS) and the American Society for Clinical Oncology 
(ASCO), cancer survivors were recommended to adopt 
improved dietary and nutritional management strate-
gies, including preferring to acquire macronutrients 
and micronutrients from a plant-based diet, avoiding 
the overuse and misuse of dietary supplements, and 
following food safety practices [8, 15]. Notably, high-
quality meta-analytic evidence supported only a lim-
ited number of associations between individual food/
nutrient and incidence and mortality of cancer, such 
as alcohol consumption and various cancers [16–18]. 
Moreover, it is difficult to comprehensively reflect eat-
ing habits based on individual food/nutrient, which 
also makes it challenging to adhere to. Compared to 
individual food components or nutrients, the effect of 
dietary patterns on clinical outcomes among cancer 
survivors has been highlighted in recent studies [19–
21]. Nevertheless, to our knowledge, current literature 
offers limited systematic evaluations of the effects of 
different dietary patterns on the mortality rates among 
cancer survivors. Previous research has highlighted the 
close link between depressive symptoms and dietary 
patterns. Specifically, healthier diets, characterized by 
high intake of fruits, vegetables, and healthy fats, were 
associated with a reduced risk of depression, while 
diets rich in processed foods tend to increase the risk 
[22]. However, the distinct and combined influences 
of depressive symptoms and dietary patterns remain 
insufficiently understood.

In the current study, we aimed to investigate the 
independent and joint associations of depressive 
symptoms and several well-established dietary pat-
terns with all-cause, cancer-specific, and non-cancer 
mortality among US cancer survivors. Since different 
dietary health indices were examined, we extended our 
evaluation to determine whether the combination of 
any two indices could serve as a promising predictor 
of cancer outcomes. The findings of this study were 
expected to provide novel insights regarding appropri-
ate psychological interventions and dietary strategies 
for cancer survivors, which could lead to improved 
survival outcomes and overall quality of life.

Methods
Study population
The participants for this population-based study were 
chosen from a nationally representative sample of the US 
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population, collected by the National Health and Nutri-
tion Examination Survey (NHANES) of Centers for Dis-
ease Control and Prevention (CDC) [23]. Recognized as the 
most in-depth survey assessing the health and nutritional 
status of US children and adults, the NHANES has exam-
ined approximately 5,000 noninstitutionalized individu-
als annually from 15 different counties across the country 
since 1999, with each two-year span constituting a complete 
cycle [23]. Invited participants responded to demographic, 
socioeconomic, dietary, and health questionnaires, and 
underwent medical and physical examinations, as well as 
laboratory tests. The stratified, multistage probability sam-
pling design of NHANES enables estimates to represent 
the entire US population. All NHANES protocols received 
approval from the National Center for Health Statistics 
Ethics Review Board, and written informed consent was 
obtained from all participants. Detailed survey plans and 
operations of NHANES have been described elsewhere [23]. 
Since this study utilized previously collected anonymized 
data and involved no human participants, the require-
ment for informed consent and institutional review board 
approval was waived.

In the current study, we included all adult cancer survi-
vors ≥ 20 years old from NHANES 2005–2018. We exam-
ined questions related to cancer history from the “Medical 
Conditions” questionnaire section. The presence of cancer 
was determined by “Have you ever been told by a doctor or 
other health professional that you had cancer or a malig-
nancy of any kind?” The participants who answered “Yes” to 
this question were identified as cancer survivors. Types of 
cancer were determined by “What kind of cancer was it?” 
Age when cancer first diagnosed was determined by “How 
old were you when [type of cancer] was first diagnosed?” 
Cancer types were further grouped into ten categories: 
respiratory system tumors (lung, laryngeal, and tracheal), 
gastrointestinal tumors (esophageal, gastric, hepatocellu-
lar, gallbladder, pancreatic, and colorectal), breast tumors, 
gynecologic tumors (uterine, ovarian, and cervical), urologic 
tumors (kidney, bladder, prostate, and testicular), hemato-
logic malignancies (blood, leukemia, and lymphoma), skin 
tumors (melanoma and nonmelanoma), head and neck 
tumors (mouth/tongue/lip and thyroid), other types of 
tumors (brain, nervous system, bone, and soft tissue), and 
multiple tumors (≥ 2 types of cancer). Participants with 
missing information on depressive scores, dietary data 
required for calculating dietary patterns, or follow-up were 
excluded from this study. The flowchart of the participant 
selecting process is presented in Supplementary Figure S1.

Assessment of depressive symptoms
The Patient Health Questionnaire (PHQ-9), a validated 
9-item instrument for depression screening, was used to 
evaluate the frequency and severity of depressive symptoms 
among cancer survivors over the preceding two weeks [24]. 

This tool incorporates the DSM-IV criteria for diagnos-
ing depression [25]. Each item is scored from 0 to 3, with 
response options ranging from “not at all” to “nearly every 
day”. The total PHQ-9 scores, ranging from 0 to 27, were 
calculated and categorized into three levels based on pre-
defined cut-points: no to minimal (0–4), mild (5–9), and 
moderate to severe (≥ 10) depressive symptoms. The nine 
items of the PHQ-9 and the scoring cut-offs have been thor-
oughly detailed in a previous publication [24].

Assessment of dietary patterns
The NHANES collected dietary intake data from eligible 
participants through two 24-hour dietary recall interviews: 
the first was conducted in-person at the Mobile Examina-
tion Center (MEC), while the second was conducted by 
telephone 3 to 10 days later. Apart from consumption of 
individual foods, estimated total nutrients intake was also 
provided. Due to the greater prevalence of missing informa-
tion in the second 24-hour dietary recall, we relied on the 
dietary data from the first recall for the primary analysis. 
To provide a broader understanding of dietary behaviors 
rather than individual food intakes, several well-developed 
dietary pattern indices were chosen and calculated, includ-
ing Healthy Eating Index-2020 (HEI-2020) [26], Healthy 
Eating Index-2015 (HEI-2015) [27], Alternative Healthy 
Eating Index (AHEI) [28], Alternate Mediterranean Diet 
Score (aMED) [29], MED Index in serving sizes from the 
PREDIMED trial (MEDI) [30], Dietary Approaches to Stop 
Hypertension Index (DASH) [31], DASH Index in serving 
sizes from the DASH trial (DASHI) [32, 33], Dietary Inflam-
mation Index (DII) [34], and DII excluding alcohol (DII [No 
EtOH]). To adhere to a standardized dietary index compu-
tation process and avoid inaccuracies, these dietary pattern 
indices were calculated with the R package “dietaryindex” 
(version 1.0.3) [35], which adopted a structured 2-step com-
putation process with validated accuracy. Detailed informa-
tion on which and how dietary components are scored can 
be found in the supplementary materials of the referenced 
publication. To note, since the computed HEI-2015 values 
were basically the same as HEI-2020 values in the NHANES 
2005–2018 dataset, they were not included in subsequent 
analysis. Due to the unavailability of dietary data for certain 
foods or nutrients: trans-fat was not included in the AHEI 
score; 27 out of 45 required foods or nutrients were used for 
calculation of DII. In this study, the dietary pattern indices 
were divided into low, intermediate and high levels based on 
the weighted tertile values.

Assessment of covariates
Potential covariates were selected based on our prior 
knowledge of factors influencing the prognosis of cancer 
survivors. Physiological characteristics included age (con-
tinuous), sex (male, female), race/ethnicity (non-Hispanic 
White, non-Hispanic Black, Mexican American, and other), 
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body mass index (BMI < 25, ≥ 25 and < 30, and ≥ 30 kg/m2). 
Socioeconomic status included educational level (less than 
high school, high school graduate, greater than high school), 
marital status (married/living with partner, not married), 
family poverty income ratio (< 1.3, 1.3–3.5, and > 3.5), 
and health insurance coverage (yes, no). Lifestyle choices 
included smoking status (never, former, and current), alco-
hol use (never, former, and current), sleep duration (≤ 7 h, 
> 7  h), and energy intake (quartile). Health conditions 
included hypertension, hypercholesterolemia, diabetes, and 
cardiovascular disease (CVD), and cancer history (described 
earlier in the text). The presence of CVD was determined by 
self-reported history of congestive heart failure, coronary 
heart disease, angina, heart attack, or stroke.

Assessment of mortality
Data of eligible cancer survivors in this study were linked 
to death certificate records from the National Death Index 
(NDI), which have been updated to include follow-up 
records up to December 31, 2019. The primary outcome of 
this study was all-cause mortality, while cancer (defined by 
the 10th revision of International Statistical Classification 
of Diseases [ICD-10] codes C00-C97) and noncancer (other 
ICD-10 codes) mortality served as secondary outcomes. 
The duration of follow-up was determined from the date of 
the initial interview to the date of death or the last update, 
whichever occurred first.

Statistical analysis
In adherence to the NHANES analytic tutorials, all analysis 
in this study accounted for the sample weights, stratifica-
tion, and clustering to ensure proper variance estimation 
and national representativeness of US cancer survivors. We 
assumed that the covariates were missing at random and 
applied multiple imputation by chained equations using the 
R package “mice” (version 3.16.0) to minimize uncertainty 
arising from missing data and ensure valid statistical infer-
ences. All covariates from the primary analysis, together 
with sample weights, stratification, and clustering, were 
included as predictors. We generated a total of ten imputed 
datasets and pooled them to produce the overall results.

Baseline characteristics were presented according to the 
PHQ-9 score (0–4, 5–9, and ≥ 10). Continuous and categori-
cal variables were compared by using Wilcoxon rank-sum 
test and chi-squared test, respectively. Moreover, baseline 
characteristics in the origin and imputation datasets were 
also displayed and compared. Weighted Kaplan-Meier 
curves and Log- rank test were applied to evaluate the 
effects of PHQ-9 score and different dietary pattern indices 
on all-cause mortality among US cancer survivors, without 
covariate adjustment. Dietary pattern indices were divided 
based on weighted tertile, median, and quartile values. 
Multivariable Cox proportional hazards regression mod-
els were performed to assess the association of depressive 

symptoms and dietary patterns with all-cause, cancer and 
noncancer mortality among cancer patients, respectively. 
Risk estimates were represented by hazard ratios (HR) with 
95% confidence intervals (CIs). The fully adjusted Cox mod-
els accounted for age, sex, race/ethnicity, BMI, educational 
level, marital status, family poverty income ratio, health 
insurance coverage, smoking status, alcohol use, sleep dura-
tion, energy intake, hypertension, hypercholesterolemia, 
diabetes, CVD, the number of cancer types and years since 
first cancer diagnosis. To evaluate the joint associations, 
participants were categorized based on depressive levels 
and tertiles of dietary pattern indices to estimate mortal-
ity risks. Subgroup analyses according to sex, cancer type, 
hypertension, hypercholesterolemia, diabetes, and CVD 
were further performed. When different cancer types were 
considered, the dietary health indices were converted into 
binary variables (low and high, based on median values) 
and only all-cause mortality was assessed for respiratory 
system, gynecologic, hematologic, head, neck and other 
cancers, owing to the limited number of outcome cases. To 
investigate the shapes and relationships of PHQ-9 score and 
dietary pattern indices with all-cause mortality, restricted 
cubic splines (RCS) with 3 nodes were applied, using the 
median value as a reference point. The analysis was adjusted 
for the same set of covariates applied in the Cox models. To 
assess the robustness of the results and mitigate the impact 
of reverse causality, sensitivity analyses were conducted 
using dietary data from two 24-hour dietary recall inter-
views, excluding participants died within 2 years of follow-
up, and excluding participants with missing covariates, 
respectively.

All analysis and graphics were conducted in statistical 
software R (version 4.3.3, R Development Core Team, Aus-
tria). Statistical significance was evaluated based on a two-
sided P value of < 0.05.

Results
Baseline characteristics
As presented in Table  1, a total of 3,011 eligible par-
ticipants were included in this study, representing 
20,428,257 US cancer survivors. Population-weighted 
mean age was 63.01 years old, 43.08% were male 
(n = 1,421), and 86.04% were non-Hispanic White 
(n = 2,061). A high prevalence of overweight/obesity 
was observed. Participants were divided into three 
levels based on PHQ-9 score, indicating no to mini-
mal (0–4), mild (5–9), and moderate to severe (≥ 10) 
depressive symptoms, respectively. Cancer survivors 
with moderate to severe depressive symptoms (PHQ-9 
score ≥ 10) were more likely to be younger, female, 
obese, less educated, not married, with lower family 
poverty income ratio, not covered by health insurance, 
current smokers, worse at general health condition, 
and had shorter sleep time. Moreover, survivors with 
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Characteristic Overall
(n = 3011)

PHQ-9 score
0–4 (n = 2223) 5–9 (n = 480) ≥ 10 (n = 308) P value

Age (years) 63.01 (13.90) 63.88 (13.55) 63.10 (13.77) 55.67 (14.76) < 0.001
Sex < 0.001
  Male 1,421 (43.08%) 1,144 (46.07%) 178 (34.78%) 99 (32.41%)
  Female 1,590 (56.92%) 1,079 (53.93%) 302 (65.22%) 209 (67.59%)
Race/ethnicity 0.009
  Non-Hispanic White 2,061 (86.04%) 1,544 (86.86%) 330 (86.54%) 187 (78.46%)
  Non-Hispanic Black 438 (5.49%) 327 (5.17%) 69 (5.91%) 42 (7.45%)
  Mexican American 190 (2.45%) 128 (2.26%) 27 (2.29%) 35 (4.26%)
  Other 322 (6.02%) 224 (5.71%) 54 (5.27%) 44 (9.83%)
BMI (kg/m2) < 0.001
  < 25 785 (27.79%) 594 (28.39%) 119 (27.28%) 72 (23.57%)
  ≥ 25 and < 30 1,059 (34.98%) 830 (37.18%) 143 (28.96%) 86 (26.68%)
  ≥ 30 1,132 (37.23%) 780 (34.43%) 209 (43.76%) 143 (49.75%)
Education level < 0.001
  Less than high school 609 (12.17%) 408 (10.50%) 103 (15.13%) 98 (20.95%)
  High school graduate 677 (20.60%) 472 (18.57%) 131 (26.45%) 74 (27.53%)
  Greater than high school 1,724 (67.23%) 1,343 (70.93%) 246 (58.42%) 135 (51.52%)
Marital status < 0.001
  Married/living with partner 1,827 (65.98%) 1,414 (68.54%) 276 (60.46%) 137 (54.23%)
  Not married 1,182 (34.02%) 807 (31.46%) 204 (39.54%) 171 (45.77%)
Family poverty income ratio < 0.001
  < 1.3 669 (15.07%) 388 (11.57%) 134 (19.08%) 147 (37.23%)
  1.3–3.5 1,141 (35.89%) 850 (34.21%) 194 (42.94%) 97 (37.94%)
  > 3.5 971 (49.04%) 816 (54.22%) 115 (37.98%) 40 (24.83%)
Health insurance coverage 2,820 (94.59%) 2,116 (96.06%) 442 (92.09%) 262 (86.61%) < 0.001
Smoking status < 0.001
  Never 1,364 (46.40%) 1,051 (49.21%) 207 (40.81%) 106 (32.66%)
  Former 1,186 (38.08%) 907 (38.67%) 190 (40.65%) 89 (28.89%)
  Current 460 (15.52%) 264 (12.11%) 83 (18.53%) 113 (38.45%)
Alcohol use < 0.001
  Never 372 (9.77%) 279 (10.12%) 53 (8.75%) 40 (8.57%)
  Former 976 (26.81%) 671 (24.11%) 190 (37.28%) 115 (31.37%)
  Current 1,654 (63.42%) 1,265 (65.77%) 237 (53.96%) 152 (60.07%)
Sleep duration (h) < 0.001
  ≤ 7 1,595 (50.47%) 1,123 (47.61%) 281 (57.08%) 191 (63.14%)
  > 7 1,403 (49.53%) 1,093 (52.39%) 197 (42.92%) 113 (36.86%)
Energy intake (kcal) 1,945.10 (816.13) 1,966.84 (806.60) 1,854.83 (775.45) 1,917.65 (942.56) 0.12
General health status < 0.001
  Excellent 210 (8.52%) 195 (10.34%) 11 (3.05%) 4 (2.66%)
  Very good 790 (30.98%) 715 (37.40%) 64 (14.22%) 11 (6.23%)
  Good 1,172 (38.70%) 906 (39.07%) 191 (43.07%) 75 (28.26%)
  Fair 651 (17.25%) 352 (11.35%) 170 (33.40%) 129 (38.68%)
  Poor 188 (4.57%) 55 (1.83%) 44 (6.26%) 89 (24.18%)
Hypertension 1,728 (52.09%) 1,249 (50.34%) 287 (59.00%) 192 (54.95%) 0.024
Hypercholesterolemia 1,551 (54.05%) 1,152 (53.95%) 245 (55.67%) 154 (52.03%) 0.8
Diabetes 712 (19.11%) 489 (17.78%) 133 (24.44%) 90 (21.08%) 0.017
CVD 543 (14.85%) 365 (12.82%) 92 (18.17%) 86 (25.97%) < 0.001
Number of cancer types 0.2
  1 2,721 (90.11%) 2,027 (90.67%) 428 (88.99%) 266 (87.35%)
  2 258 (8.84%) 176 (8.45%) 48 (10.03%) 34 (10.13%)
  ≥ 3 32 (1.05%) 20 (0.89%) 4 (0.98%) 8 (2.52%)
Cancer type < 0.001

Table 1  Baseline characteristics of US cancer survivors in the current study according to the PHQ-9 score
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lower scores on dietary indices such as HEI-2020, HEI-
2015, AHEI, aMED, MEDI, DASH, along with higher 
scores on the DII and DII (No EtOH) were more prone 
to exhibit higher PHQ-9 scores. Multiple imputation 
was applied to missing data on family poverty income 
ratio (n = 230, 8%), hypercholesterolemia (n = 162, 5%), 
BMI (n = 35, 1%), and other covariates (n = 24, < 1%). 
Detailed baseline characteristics of the imputation 
datasets were shown in Supplementary Table 1.

Relationship between PHQ-9 score, dietary pattern indices, 
and mortality
During 20,096 person-years of follow-up (median, 
6.2 years), 786 deaths occurred, with 268 attributed 
to cancer and 518 to noncancer causes. Weighted 
Kaplan-Meier curves demonstrated that, when dietary 
pattern indices were divided by tertiles, high levels of 
the aMED (P = 0.031, Fig.  1D) and MEDI (P = 0.003, 
Fig.  1E) scores were associated with lower risk of all-
cause mortality among US cancer survivors. The 
results remained largely consistent when the dietary 
pattern indices were stratified by both the weighted 
median and quantile values (Supplementary Figure S2-
S3). The fully adjusted multivariable Cox proportional 

hazards regression models revealed that cancer survi-
vors with no to minimal depressive symptoms (PHQ-9 
score: 0–4) had lower risks of noncancer (HR = 0.62, 
95% CI: 0.42–0.92) mortality when compared to those 
with moderate to severe depressive symptoms (PHQ-9 
score: ≥10) (Table  2). As for dietary patterns, partici-
pants with intermediate adherence to the DASH diet 
showed a lower risk of cancer mortality(HR = 0.66, 
95% CI: 0.49–0.89), while those with high adherence 
to the aMED diet had a lower noncancer mortality 
risk (HR = 0.74, 95% CI: 0.57–0.96) relative to the low-
adherence group, respectively (Table 2).

Joint association of PHQ-9 score and dietary pattern 
indices with mortality
In joint analysis, combinations of lower PHQ-9 score 
with higher HEI-2020, AHEI, aMED or DASH were 
favorably linked to lower risks of overall and non-
cancer mortality (Fig.  2, Table S2). For instance, can-
cer survivors with PHQ-9 score ranging from 0 to 
4 and high scores on HEI-2020 had lower risk of all-
cause (HR = 0.43, 95% CI: 0.24–0.75) and noncancer 
(HR = 0.29, 95% CI: 0.15–0.55) mortality, when com-
pared to those with PHQ-9 score ≥ 10 and low scores 

Characteristic Overall
(n = 3011)

PHQ-9 score
0–4 (n = 2223) 5–9 (n = 480) ≥ 10 (n = 308) P value

  Respiratory system tumors 65 (1.99%) 52 (2.08%) 10 (2.48%) 3 (0.38%)
  Gastrointestinal tumors 215 (5.53%) 147 (5.43%) 39 (5.85%) 29 (5.87%)
  Breast tumors 445 (14.22%) 325 (14.15%) 73 (15.35%) 47 (12.97%)
  Gynecologic tumors 375 (12.40%) 217 (10.23%) 84 (15.69%) 74 (24.68%)
  Urologic tumors 574 (12.73%) 471 (13.89%) 72 (10.72%) 31 (6.55%)
  Hematologic malignancies 97 (2.96%) 73 (2.91%) 16 (3.17%) 8 (3.04%)
  Skin tumors 847 (36.95%) 666 (38.66%) 118 (32.56%) 63 (30.29%)
  Head and neck tumors 77 (2.49%) 54 (2.30%) 13 (3.03%) 10 (3.15%)
  Other types of tumors 26 (0.83%) 22 (1.02%) 3 (0.15%) 1 (0.41%)
  Multiple tumors 290 (9.89%) 196 (9.33%) 52 (11.01%) 42 (12.65%)
Age at cancer first diagnosed (years) < 0.001
  < 40 580 (23.74%) 363 (21.09%) 115 (26.85%) 102 (40.51%)
  40–60 1,197 (44.01%) 875 (44.84%) 186 (40.64%) 136 (42.76%)
  > 60 1,223 (32.25%) 979 (34.06%) 179 (32.52%) 65 (16.74%)
Dietary health
  HEI-2020 53.26 (13.90) 53.73 (13.83) 52.98 (14.25) 49.84 (13.38) < 0.001
  HEI-2015 53.26 (13.90) 53.73 (13.83) 52.98 (14.25) 49.84 (13.38) < 0.001
  AHEI 42.14 (13.30) 42.92 (13.22) 41.13 (13.14) 37.41 (13.23) < 0.001
  aMED 3.73 (1.66) 3.82 (1.65) 3.60 (1.65) 3.26 (1.60) < 0.001
  MEDI 3.60 (1.25) 3.66 (1.25) 3.45 (1.28) 3.38 (1.23) 0.013
  DASH 23.91 (5.77) 24.30 (5.75) 23.57 (5.65) 21.30 (5.49) < 0.001
  DASHI 3.77 (1.55) 3.76 (1.55) 3.83 (1.65) 3.70 (1.41) 0.9
  DII 0.89 (1.87) 0.77 (1.83) 1.09 (1.89) 1.50 (1.97) < 0.001
  DII (No EtOH) 0.72 (1.85) 0.61 (1.81) 0.89 (1.88) 1.31 (1.96) < 0.001
Abbreviations: PHQ-9 score, Patient Health Questionnaire-9 score; BMI, body mass index; CVD, cardiovascular disease; HEI-2020, Healthy Eating Index-2020; HEI-2015, 
Healthy Eating Index-2015; AHEI, Alternative Healthy Eating Index; aMED, Alternate Mediterranean Diet Score; MEDI, MED Index in serving sizes from the PREDIMED 
trial; DASH, Dietary Approaches to Stop Hypertension Index; DASHI, DASH Index in serving sizes from the DASH trial; DII, Dietary Inflammation Index; EtOH, alcohol

Table 1  (continued) 
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on HEI-2020. Besides, combinations of higher adher-
ence to MEDI and lower PHQ-9 score were found to 
be associated with reduced risk of noncancer mortal-
ity. Notably, among participants with a PHQ-9 score 
of ≥ 10, intermediate (HR = 0.15, 95% CI: 0.04–0.66) 
and high (HR = 0.19, 95% CI: 0.04–0.85) adherence 
to the DASH diet were linked to significantly lower 

cancer-specific mortality risks, compared to low 
adherence. The evaluation of combinations of any two 
dietary pattern indices demonstrated that the pairings 
of AHEI and MEDI, aMED and DASHI, and DASH 
and DII might serve as potential indicators in guiding 
dietary strategies of cancer patients to improve long-
term outcomes (Fig.  3; Table S3). Nevertheless, these 

Fig. 1  Weighted Kaplan-Meier curves for all-cause mortality among US cancer survivors by PHQ-9 score and different dietary pattern indices divided by 
tertiles, NHANES 2005–2018. The dietary pattern indices were divided into low, intermediate and high levels based on the weighted tertile values. Ab-
breviations: NHANES, the National Health and Nutrition Examination Survey; PHQ-9 score, Patient Health Questionnaire-9 score; HEI-2020, Healthy Eating 
Index-2020; AHEI, Alternative Healthy Eating Index; aMED, Alternate Mediterranean Diet Score; MEDI, MED Index in serving sizes from the PREDIMED trial; 
DASH, Dietary Approaches to Stop Hypertension Index; DASHI, DASH Index in serving sizes from the DASH trial; DII, Dietary Inflammation Index; EtOH, 
alcohol
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findings are exploratory and should be interpreted 
with caution. The results were similar when different 
sets of covariates were adjusted (Figure S4, S5, S6, S7).

Subgroup analysis
For the independent effects of depressive symptoms 
and dietary patterns on mortality, noteworthy differ-
ences were observed in subgroup analysis of sex (Table 
S4), cancer type (Table S5), and health conditions 
(Table S6, S7, S8, S9). In contrast to male cancer sur-
vivors, whose risk patterns were similar to the overall 
population, most of the dietary pattern indices were 
observed to have a pronounced influence on the risk 
of all-cause or noncancer mortality in female partici-
pants. In subgroup analysis of nine cancer types, lower 
PHQ-9 scores were linked to improved survival in sur-
vivors with respiratory system tumors, gastrointestinal 
tumors, and multiple tumors, but showed no impact 
on survival in other cancer types. Moreover, high lev-
els of DII increased the risk of mortality for survivors 
with gastrointestinal tumors, gynecologic tumors, and 
multiple tumors. Depressive symptoms and dietary 
patterns seemed less likely to greatly influence the 
survival of participants with urologic tumors, skin 
tumors, or head, neck and other tumors. Subgroup 
analysis of health conditions revealed that adherence 
to DASH was beneficial to outcomes of cancer surviv-
als with hypertension or diabetes, and adherence to 
the AHEI improved outcomes in those with diabetes. 
Regarding the combined effects of depressive symp-
toms and dietary patterns on mortality, the results 
were observed to be more consistent with the overall 
population in female survivors, compared to male par-
ticipants (Figure S8, S9). The combined effects differed 
depending on the health conditions of cancer survi-
vors (Figure S10-S17). Given the limited case numbers 
in some combination groups, the subgroup analysis of 
joint associations should be viewed as exploratory and 
interpreted cautiously.

Shapes of the relationship between PHQ-9 score, dietary 
pattern indices, and mortality
As demonstrated in Fig.  4, after fully adjusted for 
potential confounders, RCS showed a linear associa-
tion between PHQ-9 score and risk of all-cause mor-
tality (Pnon−linearity = 0.277), with rising HRs as PHQ-9 
score increased. No nonlinear associations between 
dietary pattern indices and all-cause mortality were 
observed. Similar results were observed when exam-
ining nonlinear associations with cancer-specific and 
non-cancer mortality (Figure S18, S19).
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Fig. 2 (See legend on next page.)
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Sensitivity analysis
Sensitivity analyses were performed to examine the 
robustness of independent and combined associations 
of depressive symptoms and dietary patterns with risk 
of all-cause, cancer-specific, and noncancer mortality. 
All results remained similar when using dietary data 
from two 24-hour dietary recall interviews (Table S10, 
Figure S20), excluding participants died within 2 years 
of follow-up (Table S11, Figure S21), or excluding par-
ticipants with missing covariates (Table S10, Figure 
S22).

Discussion
In this population-based study, we comprehensively 
evaluated the independent and combined effects of 
depressive symptoms (PHQ-9 score) and dietary pat-
terns (HEI-2020, HEI-2015, AHEI, aMED, MEDI, 
DASH, DASHI, DII, and DII [No EtOH]) in a cohort 
of US cancer survivors from NHANES 2005–2018. 
Our findings revealed the independent contributions 
of improved mood and healthier dietary patterns to 
reduced mortality among cancer survivors. Specifi-
cally, adherence to the DASH and aMED diets was 
identified as promising dietary strategies for cancer 
patients to reduce cancer-specific and noncancer mor-
tality, respectively. For the combined effects of depres-
sive symptoms and dietary patterns, we observed that 
participants with lower PHQ-9 scores and higher 
scores on the HEI-2020, AHEI, aMED or DASH, had 
lower risks of all-cause and noncancer mortality, com-
pared to those with elevated depressive symptoms 
and low adherence to these diets. Of note, the results 
showed substantial disparities when stratified by sex, 
cancer type, and health conditions. To our knowledge, 
this examination is the first one to investigate the joint 
effect of depressive symptoms and dietary patterns on 
mortality among cancer survivors.

Previous studies have documented a higher probabil-
ity of developing psychological distress among cancer 
patients during diagnosis and treatment, with about 
22.6% of them experiencing depressive symptoms [13, 
36]. To be specific, a meta-analysis of 94 interview-
based studies demonstrated that the prevalence of 
clinically diagnosed depression was 16.5% for individ-
uals with cancer in palliative-care settings, and 16.3% 
for those in oncological and hematological settings 

[13]. Among the cancer survivors selected from the 
NHANES population, approximately 9.18%, 15.38%, 
and 75.45% of them showed moderate to severe (≥ 10), 
mild (5–9), and no to minimal (0–4) depressive symp-
toms (defined by PHQ-9 score), respectively. The 
variations observed might be due to the difference in 
interview settings, characteristics of participants, and 
the depression assessment instruments employed. 
Considering the high prevalence of depressive symp-
toms in cancer patients, close monitoring and early 
mental intervention are essential for effective treat-
ment and improving quality of life. Moreover, our find-
ings suggested that cancer survivors with a low level 
of PHQ-9 score (0–4) had a reduction in all-cause and 
noncancer mortality by 28% and 39%, respectively, in 
comparison with those with a PHQ-9 score of ≥ 10. 
A prior meta-analysis of cohort studies showed that 
depression and anxiety predicted poorer overall sur-
vival of individuals with cancer, with risk ratio (RR) of 
1.26 (95% CI: 1.14–1.39) [14]. The site-specific analy-
sis of four cancer types found a significant association 
only among lung cancer survivors [14]. Their research 
included a heterogeneous population and did not dis-
tinguish between depression and anxiety, whereas 
ours offered new evidence regarding depressive symp-
toms in a nationally representative cancer population. 
Of note, we observed a stronger association between 
depressive symptoms and mortality in males compared 
to females. Additionally, our subgroup analysis of nine 
cancer types identified PHQ-9 scores as prognostic 
factors for survival of patients with respiratory system 
tumors, gastrointestinal tumors, and multiple tumors. 
Our findings highlighted the importance of depression 
detection and timely intervention, particularly in high-
risk cancer patients.

Meanwhile, the prognostic value of nutrition and 
dietary patterns among cancer populations has been 
explored [8, 9, 37]. Dietary restriction or supplemen-
tation of several nutrients were reported to affect the 
efficiency of cancer therapies and long-term outcomes, 
such as glucose restriction and histidine supplementa-
tion [37]. Considering that people do not uptake nutri-
ents in isolation, dietary patterns were highly valued, 
which provided a more comprehensive reflection and 
quantification of the cumulative influence of various 
foods [38]. To systematically evaluate the impact of 

(See figure on previous page.)
Fig. 2  Joint association of PHQ-9 score and dietary health with all-cause, cancer, and noncancer mortality among US cancer survivors, fully adjusted, 
NHANES 2005–2018. When the forest plot does not cross the reference line at HR = 1, the result is statistically significant; crossing the line indicates non-
significance. The results were adjusted for age, sex, race, BMI, education level, marital status, family income poverty ratio, health insurance coverage, smok-
ing status, alcohol use, sleep duration, energy intake, hypertension, hypercholesterolemia, diabetes, CVD, the number of cancer types and years since first 
cancer diagnosis. Abbreviations: PHQ-9 score, Patient Health Questionnaire-9 score; NHANES, the National Health and Nutrition Examination Survey; HR, 
hazard ratio; CI, confidence interval; BMI, body mass index; CVD, cardiovascular disease; HEI-2020, Healthy Eating Index-2020; AHEI, Alternative Healthy 
Eating Index; aMED, Alternate Mediterranean Diet Score; MEDI, MED Index in serving sizes from the PREDIMED trial; DASH, Dietary Approaches to Stop 
Hypertension Index; DASHI, DASH Index in serving sizes from the DASH trial; DII, Dietary Inflammation Index; EtOH, alcohol
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Fig. 3 (See legend on next page.)

 



Page 15 of 18Li et al. BMC Cancer          (2025) 25:566 

dietary patterns on mortality, several well-developed 
dietary indices were selected as the assessment tools in 
this study, including HEI-2020, AHEI, aMED, MEDI, 
DASH, DASHI, DII, and DII (No EtOH). The HEI-2020 
served as a tool to assess alignment with the 2020–
2025 Dietary Guidelines for Americans (DGA) among 
individuals aged 2 years old and older, comprising 13 
components designed to reflect the overall diet quality 
[26]. Meanwhile, the AHEI was introduced as a refined 
alternative to the Healthy Eating Index (HEI), offering 
more detailed dietary measures that are predictive of 
chronic disease risk [28]. Hower, the effects of HEI-
2020 and AHEI on survival of cancer patients remained 
insufficiently understood [9, 21]. Our analysis indi-
cated that higher HEI-2020 and AHEI scores were 
linked to a lower risk of mortality in female cancer sur-
vivors, but no such association was observed in males 
or the overall population. This difference highlights 
the sex-specific impact of dietary health, pointing to 
the necessity of further exploration in future research. 
Moreover, adherence to a Mediterranean diet has been 
demonstrated to extend lifespan and lower mortality 
rates in both the general population and among cancer 
patients [19, 21]. Our research employed the aMED 
and MEDI indices to evaluate adherence to a Medi-
terranean diet, corroborating previous findings and 
identifying stronger associations in survivors of gas-
trointestinal, breast, and multiple tumors. The DASH 
and DASHI indices were initially developed to manage 
hypertension and reduce the risk of CVD, while their 
investigation in relation to mortality from various 
cancers has been limitedly [21, 31–33]. We observed 
that intermediate DASH scores were associated with 
a nearly 33% reduction in cancer mortality among 
cancer patients, compared to low scores. Notably, the 
DASH is the only dietary pattern index identified in 
this study that was found to influence cancer-specific 
mortality in the overall survivor population. Further-
more, we explored the association between the inflam-
matory potential of diet and survival, using the DII 
and its variant excluding alcohol (DII [No EtOH]) [34]. 
Previous studies have yielded conflicting results, often 
limited by sample size, confounding factors, and insuf-
ficient follow-up time. Our findings revealed that the 
negative impact of a pro-inflammatory diet was more 
pronounced in female populations. In general, given 

the limited prior evidence on the association between 
various dietary patterns and cancer survivor mortality, 
our findings offered novel and valuable insights into 
this relationship and were expected to inform future 
dietary strategies and improve long-term outcomes of 
cancer patients.

To our knowledge, the current study is the first one 
to evaluate the combined effects of depressive symp-
toms and dietary patterns on mortality, especially in a 
nationally representative sample of cancer survivors. 
Since approximately one in every five individuals with 
cancer encountered depressive symptoms [36], and 
energy and nutrient intake was primarily derived from 
diet, numerous studies have investigated the indepen-
dent effects of depression or diet on cancer patient 
outcomes [8, 10, 39]. Actually, prior research has also 
observed the tight correlations between depression 
and diet. Individuals experiencing severe depressive 
symptoms tended to develop unhealthy dietary hab-
its, characterized by increased consumption of fast 
food, fried foods, sugary products, and ultra-processed 
items [40]. Meanwhile, healthier dietary patterns, such 
as a high adherence to the Mediterranean diet and 
anti-inflammatory diet, were beneficial for preven-
tion of depression [22, 41]. However, research on their 
combined effects appeared to be limited. Our study 
was thereby designed to fill the research gaps, and is 
the first to demonstrate that cancer survivors with 
moderate to severe depression (PHQ-9 score ≥ 10), 
combined with a low adherence to healthy dietary pat-
terns, are at an elevated risk of mortality. Specifically, 
lower PHQ-9 scores combined with higher adherence 
to the HEI-2020, AHEI, aMED, or DASH were associ-
ated with decreased risks of all-cause and noncancer 
mortality. Furthermore, to understand dietary patterns 
in-depth, we exploratively examined whether the com-
bination of two dietary pattern indices could serve as a 
viable prognostic factor. Our explorations revealed the 
potential of combining two or more dietary indices, or 
developing a new one, to guide targeted dietary strate-
gies for cancer patients. Further research is needed to 
confirm these findings.

Several plausible biological and behavioral mecha-
nisms might help to explain the observed impact of 
depression and diet in this study. Depressive symp-
toms could disturb the hypothalamic-pituitary-adrenal 

(See figure on previous page.)
Fig. 3  Joint association of different dietary health Indices with all-cause, cancer, and noncancer mortality among US cancer survivors, fully adjusted, 
NHANES 2005–2018. When the forest plot does not cross the reference line at HR = 1, the result is statistically significant; crossing the line indicates non-
significance. The results were adjusted for age, sex, race, BMI, education level, marital status, family income poverty ratio, health insurance coverage, smok-
ing status, alcohol use, sleep duration, energy intake, hypertension, hypercholesterolemia, diabetes, CVD, the number of cancer types and years since 
first cancer diagnosis. Abbreviations: NHANES, the National Health and Nutrition Examination Survey; HR, hazard ratio; CI, confidence interval; BMI, body 
mass index; CVD, cardiovascular disease; HEI-2020, Healthy Eating Index-2020; AHEI, Alternative Healthy Eating Index; aMED, Alternate Mediterranean Diet 
Score; MEDI, MED Index in serving sizes from the PREDIMED trial; DASH, Dietary Approaches to Stop Hypertension Index; DASHI, DASH Index in serving 
sizes from the DASH trial; DII, Dietary Inflammation Index; EtOH, alcohol
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(HPA) axis [42], suppress the function of immune 
cell and DNA repair enzymes [43], and coincide with 
more unhealthy lifestyle habits (such as smoking, 
alcohol abuse, and sedentary activities) [44]. More-
over, growing evidence on cancer metabolism has 
emphasized the critical role of nutritional factors in 

supporting cancer growth and survival. Dietary modi-
fications could restrict nutritional requirements of 
tumors, induce selective vulnerabilities of cancer cells, 
or enhance the efficacy of anti-tumor drugs [37, 45]. 
Considering that both psychological and nutritional 
status affected the whole-body systems, there might 

Fig. 4  Shapes of the association of PHQ-9 score and dietary health with all-cause mortality among US cancer survivors, fully adjusted, NHANES 2005–
2018. The results were adjusted for age, sex, race, BMI, education level, marital status, family income poverty ratio, health insurance coverage, smoking 
status, alcohol use, sleep duration, energy intake, hypertension, hypercholesterolemia, diabetes, CVD, the number of cancer types and years since first 
cancer diagnosis. Abbreviations: PHQ-9 score, Patient Health Questionnaire-9 score; NHANES, the National Health and Nutrition Examination Survey; HR, 
hazard ratio; CI, confidence interval; BMI, body mass index; CVD, cardiovascular disease; HEI-2020, Healthy Eating Index-2020; AHEI, Alternative Healthy 
Eating Index; aMED, Alternate Mediterranean Diet Score; MEDI, MED Index in serving sizes from the PREDIMED trial; DASH, Dietary Approaches to Stop 
Hypertension Index; DASHI, DASH Index in serving sizes from the DASH trial; DII, Dietary Inflammation Index; EtOH, alcohol

 



Page 17 of 18Li et al. BMC Cancer          (2025) 25:566 

be shared mechanisms to underlie their joint effects on 
survival of cancer patients.

This study has several strengths. The key advantage 
is that we selected cancer survivors from the NHANES 
2005–2018, which offered a prospective cohort, large 
sample size, rigorous measurement accuracy, and rep-
resentation of the whole US cancer patients. Second, 
we comprehensively evaluated the independent and 
joint associations of depressive symptoms and eight 
different dietary pattern indices with all-cause, cancer-
specific, and noncancer mortality among the overall 
and subgroup-specific cancer patients. Third, the uti-
lization of multiple imputation by chained equations 
effectively addressed missing data, reduced bias, and 
preserved statistical power for more reliable results. 
Fourth, sensitivity analysis of three groups of partici-
pants was performed to verify the robustness of the 
primary analysis. Some limitations are also noted. 
First, while NHANES provides a representative sample 
of the US population, the study population of cancer 
survivors may not fully reflect the broader cancer sur-
vivor population due to the relatively small sample 
size. Future studies with larger, more specific cancer 
survivor cohorts are needed to further validate and 
refine these findings. Second, the dietary data used 
in this study were derived from one or two 24-hour 
recalls, which may not fully capture the dietary pat-
terns over the entire follow-up period. Third, due to 
lack of certain nutrient information, the calculation of 
certain dietary pattern indices generated results that 
were specific to our study population. We categorized 
all indices into tertiles for convenience of compari-
sons. Moreover, NHANES did not collect information 
on cancer stages or treatments, as it was not intended 
to function as a cancer-specific database. Finally, as 
the study population was restricted to US cancer sur-
vivors, additional research is necessary to validate our 
results in diverse populations.

Conclusions
In conclusion, this population-based study of US can-
cer survivors demonstrated that the combinations of 
depressive symptoms and certain dietary patterns were 
associated with risks of all-cause, cancer-specific, and 
noncancer mortality among individuals with cancer. 
Of note, pronounced disparities were observed when 
stratified by sex, cancer type, and health conditions. 
Early assessment of depressive symptoms and develop-
ment of individualized dietary strategies are of great 
importance to reduce long-term mortality risk of can-
cer survivors and improve their quality of life.
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