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Abstract

Background Anxiety and depression are common mental health problems in cancer patients. At the same time, cancer
patients often suffer from disease-related catabolic dysregulation and malnutrition. Emerging evidence has suggested the
potential link between mental disorders and nutritional status.

Aims This study summarised the evidence for the association of malnutrition with anxiety and depression in cancer patients.
Methods A systematic search of PubMed and EMBASE databases was performed for observational studies published up
to December 2024.

Results Forty-one articles were found eligible for inclusion in the systematic review, and twenty-nine in the meta-analysis.
Compared with the normally nourished cancer patients, malnourished patients had a more than threefold (relative risk
(RR)=3.23,95% CI 2.39, 4.38) and nearly twofold (RR=1.87,95% CI 1.48, 2.37) increased risk of depression and anxiety,
respectively. Considering the studies that identified lower emotional status as a cause rather than an effect of malnutrition, the
inverse association was confirmed only for depression (RR=2.01, 95% CI 1.62, 2.49), but not for anxiety (RR=1.38,95%
CI0.68, 2.80). Finally, the standardised mean differences of the psychological scores showed significantly higher values in
individuals with nutritional impairment compared to those with normal nutritional status (SMD =0.69, 95% CI 0.50, 0.88
for depression and SMD =0.54, 95% CI 0.26, 0.82 for anxiety).

Conclusions Mental health problems such as anxiety and depression are associated with malnutrition in cancer patients.
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Malnutrition is a pathological condition arising from inad-
equate nutrient intake, absorption, or utilization, resulting
in altered body composition, specifically a reduction in
fat-free mass, that leads to compromised physiological and
cognitive functions and negatively impacts clinical prog-
nosis in disease states [1]. Malnutrition is a major health-
care challenge, with a prevalence of 20-50% among hos-
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pitalised patients, and is common in those suffering from
gastrointestinal, neurological and cancer diseases [2]. This
devastating condition affects 15-40% of oncology patients
at the time of diagnosis and rises to 40-80% with the intro-
duction of anticancer treatment, with variations depending
on the anatomical site and stage of the tumour, as well
as demographic and social factors [3, 4]. Specifically, a
high prevalence of malnutrition is observed in patients
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with upper gastrointestinal (40.2-49.5%), head and neck
(28.6-67%), and lung (26.6-42.9%) cancers, as well as in
patients with pancreatic, haematological, genitourinary,
and bladder/uterine cancers [3]. Nutritional deficiencies
may contribute to impaired response to chemotherapy,
increased toxicity due to impaired pharmacokinetics and
pharmacodynamics of chemotherapeutic drugs, and aggra-
vation of complications, which may ultimately lead to 20%
of deaths in cancer patients [5, 6]. In addition, the effects
of cancer-related malnutrition include fatigue, higher risk
of infection and compromised immune competence, exac-
erbated by impaired immunity due to, among other things,
cytotoxic agents [7].

Cancer patients have been reported to further suffer from
psychological conditions, such as emotional distress [8].
Cancer is perceived as a serious and life-threatening condi-
tion, with the whole course of the disease (from diagnosis
to treatment) potentially becoming a chronic stressor for
the psyche [8]. Depression affects up to a third of cancer
patients, with the highest rates being reported in patients
with colon (32.4%), haematological (29.5%) and brain
tumours (25.5%) [9]. The prevalence of anxiety in cancer
patients is also high, averaging about 10%, although there
is a wide variation between studies [10]. Oncology patients
in urgent need of psychological and psychiatric support are
rarely identified by clinicians and referred to specialists in
these areas [11]. However, depression and anxiety, as well
as malnutrition, reduce quality of life, negatively affect com-
pliance with medical recommendations, and contribute to
higher mortality in the cancer patient population [12].

While some studies suggest that cancer-related malnutri-
tion and psychiatric disorders are closely linked, there is
scarce literature on this topic, especially in terms of quan-
titative evidence summarisation. Therefore, the aim of this
meta-analysis is to investigate the bidirectional associa-
tion of anxiety and depression with malnutrition in cancer
patients. A better understanding of this relationship could
contribute to an earlier diagnosis of each condition and thus
improve the management of the underlying disease.

Methods

For a more standardized reporting including background,
search strategy, methods, results, discussion, and conclu-
sion we followed Meta-analyses Of Observational Stud-
ies in Epidemiology (MOOSE) guideline and completed
checklist (Supplementary Table 1). The systematic review
protocol was registered in the International Prospective
Register of Systematic Reviews database (PROSPERO, ID:
CRD42024515685, at https://www.crd.york.ac.uk/prosp
ero/).
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Search strategy and study selection

Potentially eligible studies were identified through a sys-
tematic search of MEDLINE (via PubMed) and EMBASE
databases from their inception up to the end of 2023. The
search strategy referred to the specific keywords and sub-
ject headings combined by Boolean commands and related
to nutritional status, and psychological outcomes such as
anxiety, depression and distress. We applied filters for
human studies and English, Polish or Italian language. In
addition, the EMBASE search was restricted to articles
or press articles or editorials. The specific descriptors
(EMTREE terms from EMBASE and MeSH from Pub-
Med) were used to adapt the strategy to the requirements
of each database. Details are presented in Supplementary
Table 2. The quest was repeated before the final analysis,
extending the search period to December 2024. Finally,
a manual scrutiny of the reference lists of all identified
articles was performed to search for further information
that may not have been identified. The PICOS framework
was employed to structure the eligibility criteria (Supple-
mentary Table 3). To be included in a systematic review,
a study had to meet the following requirements: (i) adult
cancer population examined; (ii) observational design
(cohort, cross-sectional, or case—control study); (iii)
reported association between nutritional status and depres-
sion or anxiety; and additionally for being included in a
meta-analysis the study had to (iv) provide an appropriate
measure of effect for the association investigated. If more
than one article reported results on the same cohort, only
the study with the larger cohort size, the longest follow-
up, or the most comprehensive data was included in the
meta-analysis. If an article reported the results for two
different cancer subpopulations (e.g. for digestive and non-
digestive tumours), they were treated as separate studies.
The systematic literature search and study selection were
performed by two independent researchers and any disa-
greements were resolved with the possible assistance of
another investigator.

Data extraction and quality assessment

A standardised electronic form was applied to collect data
from relevant studies. We extracted the key information
from the articles such as: author name, year of publication,
study setting and design, details of the cancer population
examined, including distribution of cancer anatomical
sites and stages, sample size by sex, age of participants,
psychological outcome of interest (depression, anxiety),
tools used to assess psychological and nutritional status,
main findings of the research, measures of association
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from the most adjusted model including 95% confidence
intervals. The methodological quality of the studies in the
three domains of selection, comparability and results was
assessed using the Newcastle—Ottawa Quality Assessment
Scale [13] by two investigators independently and any
incongruity was discussed and resolved through a consen-
sus. High quality was defined as obtaining at least 5 points
for cross-sectional and at least 7 points for case—control
and prospective studies.

Statistical analysis

The identified articles presented different measures of the
association between nutritional status (NS) and psychologi-
cal status (PS): (i) odds ratio (OR) and relative risk (OR
was treated as approximately equivalent to relative risk and
both were further referred to as RR), reflecting the effect
of NS on PS, or vice versa the effect of PS on NS, for both
NS, and PS expressed as categorical variables; (ii) mean
(M) with standard deviation (SD) of depression, or anxiety
scores across different nutritional status groups or equivalent
parameters allowing for their calculation under the assump-
tion of normality of the distribution (e.g. 95% confidence
interval (CI), median (Me) with range (R), or interquartile
range (Q1-Q3)), and finally (iii) correlation and/or linear
regression coefficients. For categorical NS and PS two sepa-
rate meta-analyses were performed: the first one to compare
the risk of depression or anxiety between extreme categories
of nutritional status, or alternatively the second one to com-
pare the risk of malnutrition between extreme categories of
psychological status (in the literature possible bidirectional
relationship was postulated, in our meta-analysis the direc-
tion of the association was determined by the design of the
study in the original article). The logarithms of the RRs
from the most adjusted models were pooled, but in some
cases only the crude RR could be calculated based on an
extracted cross-tabulation of the joint distribution of NS and
PS. Because of the variety of instruments used to assess NS
and PS, it wasn't possible to do a quantitative synthesis of
correlations and/or linear regression coefficients, so these
results were only summarised in the systematic review. At
the same time, standard mean differences were calculated
comparing depression or anxiety scores between extreme
categories of nutritional status, and then harmonised across
studies.

To account for between-study variability in all quanti-
tative syntheses, effect sizes were harmonised using the
Der Simonian and Laird random effects model, with study
weights calculated as the inverse of the sum of the between-
study and within-study variance. The Q test under the level
of significance defined at 0.10 was engaged to assess het-
erogeneity and was complemented by I° statistic. I? ranges
<25%, 25-50%, 50-75%, and > 75% were suggestive of no,

low, moderate, and significant heterogeneity, respectively.
The potential publication bias and/or small-study effect was
evaluated visually by verifying asymmetry in funnel plots
and quantitatively by Egger’s regression test. Next, to exam-
ine the sensitivity of the results to publication bias, a trim-
and-fill method for estimating and adjusting for the number
and outcomes of missing studies was applied. The effect of
omitting one study at a time on pooled estimates was verified
in the influential analysis. Subgroup analyses were under-
taken by tumour anatomical site, cancer stage, method of
assessment of nutritional and psychological status, and study
quality. All analyses were based on two-tailed tests and were
conducted with R version 4.4.1 (Development Core Team).
Statistical significance was defined as P < 0.05 (except for
the Q test assessing heterogeneity).

Results
Study characteristics

A total of 3495 studies (2007 identified from PubMed
and 1488 from Embase) were considered to be of poten-
tial interest for this systematic search. After removing 858
duplicates and excluding 2342 studies at both the title and
abstract screening stages, 295 articles were eligible for full-
text evaluation. An initial screening was performed based
on the following reasons: lack of information on nutritional
(n =76) or psychological status (n =68), no association
between exposure and outcome of interest (n =42), different
study population or study design (n =62), and article type,
e.g. correspondence to previously published article (n =3).
The resulting 43 studies were further examined for overlaps
and additional reasons for potential exclusions. After the
final removal of 1 study that did not assess depression or
anxiety but distress and 2 intervention trials, a total of 41
observational studies were included in this systematic review
[11, 14-53], of which 29 were included in the meta-analysis
[25-53] (Supplementary Fig. 1).

The background characteristics of the studies included in
the systematic review, and a summary of the main findings
are reported in Table 1. A total of 7 were prospective stud-
ies, 30 had a cross-sectional design and 4 were case—control
studies. Fourteen trials were conducted in European coun-
tries, 12 in Western countries, with 4 specifically involv-
ing Southern and 8 Northern American cohorts, while 15
included Eastern Asian countries. Most studies (n = 18)
involved cancer patients regardless of the anatomical site
of the tumour, 6 examined head and neck cancer popula-
tion, 9 digestive, 4 lung, and 4 sex-related cancers (prostate,
breast, gynecological). A total of 21 studies explored the
relation between nutritional status and depression only, and
20 accounted for both depression and anxiety. A variety of
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diagnostic and screening tools were used to evaluate psy-
chological status such as HADS (in 13 studies), BDI (in 6
studies), GDS (in 6 studies), PHQ (in 3 studies), HAMD (in
4 studies), and others (in 9 studies). Different methods for
nutrition assessment in patients with tumours were applied,
among which the most frequent were PG-SGA (in 14 stud-
ies), MNA (in 10 studies), NRS-2002 (in 5 studies), GLIM
criteria (in 3 studies), and others (in 9 studies). 9 trials
restricted the population to advanced tumours only, while
the remaining 32 looked at different stages of the disease
(of which 4 did not specify tumour stage). Among selected
articles 29 were quantitatively summarised in the meta-
analysis, and 12 were used only in systematic review. Over-
all, the entire sample amounted to 9,300 cancer patients,
therein 8,133 in the articles included in meta-analysis. When
restricted to studies with available data on the distribution
of nutritional status, the prevalence of nutritional impair-
ment was estimated at 52%. Similarly, it was shown that 30%
and 26% of oncology patients had symptoms of depression
and anxiety, respectively. The high quality of the reports
(scored over 5 for cross-sectional and over 7 for case—control
and prospective studies) was assessed in about half of the
studies (21 articles) included in this systematic review and
16 out of 29 included in the meta-analysis (Supplementary
Table 4-Supplementary Table 6).

Comparison of the risk of psychological disorders
between extreme categories of nutritional status

The meta-analysis of the association between nutritional
status and depression and anxiety disorder was based on
11 and 9 studies, respectively (Fig. 1, Table 2). Compared
with the patients with normal nutritional status, a group of
malnourished patients had 3.23 times and 1.87 times larger
risk of each aforementioned outcome, respectively (RR
=3.23, 95% CI 2.39 to 4.38 for depression, RR =1.87,
95% CI 1.48 to 2.37 for anxiety; Table 2, Fig. 1). Only
little or no heterogeneity was detected for both depres-
sion and anxiety (12 =22.5%, P=0.229 for depression and
FP=0.0%, P=0.581 for anxiety; Fig. 1). The exclusion of
one study at the time did not considerably change pooled
results (RRs ranged from 2.95 to 3.55 for depression when
Sanchez-Torralvo, 2022 and Sun, 2020 study, respectively
was omitted, and RRs ranged from 1.76 to 2.00 for anxi-
ety when Williams, 2020 and Soria-Utrilla, 2022 study,
respectively was omitted; Supplementary Fig. 2A and
2B). The inspection of funnel plots and the results of the
Egger’s test revealed some evidence of asymmetry in the
analysis of depression (P =0.002; Supplementary Fig. 3):
trim-and-fill analysis adjusting for potential publication
bias by complementing 4 missing studies confirmed the
previous findings showing slightly lower effect of nutri-
tional impairment on depression (RR =2.71, 95% CI 1.94

to 3.77; Table 2). Subgroup analysis for each outcome
showed substantially stable results, with strong and sig-
nificant pooled effect for all tested subgroups in the case of
depression and some minor loss of significance in certain
subgroups in the analysis of anxiety, mostly due to the
very limited number of studies included (Supplementary
Table 7).

Comparison of the risk of malnutrition
between extreme categories of psychological status

Due to the possible bidirectional association between nutri-
tional and psychological status in cancer patients, following
the design of studies in the original articles, we alternatively
examined how psychological status influences malnutri-
tion. Meta-analyses included 12 studies on depression, and
2 studies on anxiety disorder, respectively (Supplementary
Fig. 4, Table 2). Compared with the patients with normal
psychological status, a twofold larger risk of malnutrition
was detected in a group of patients with depression disorder
(RR =2.01, 95% CI 1.62 to 2.49 for depression). Anxiety
was not significantly linked with poor nutritional status (RR
=1.38,95% CI 0.68 to 2.80; Table 2, Supplementary Fig. 4),
however, only 2 studies were available to examine this rela-
tionship and therefore subgroup, influential and publication
bias analysis could not be performed. High heterogeneity
was detected for both depression and anxiety as exposure
(12: 87.8%, P < 0.001 for depression and P=173.4%, P<
0.001 for anxiety; Supplementary Fig. 4). In the analysis of
depression, in most cases, excluding one study at a time from
the analysis only slightly reduced the pooled RR, except for
two studies the omission of which significantly increased
the size of the estimated effect (RR =3.19, 95% CI 1.84
to 5.54 for Nho, 2014 and RR =3.20, 95% CI 1.88 to 5.42
for Hong, 2016; Supplementary Fig. 2C). The inspection of
funnel plots and the results of Egger’s test revealed some
evidence of asymmetry (P <0.001; Supplementary Fig. 3B).
However, pooled RR after complementing 6 missing studies
in trim-and-fill analysis still showed a significantly higher
risk of malnutrition (of 39%) in depressed patients com-
pared with those without the mental disorder (RR =1.39,
95% CI1.13 to 1.71, Table 2). Additional subgroup analyses
revealed that the level of adjustment and tumour anatomi-
cal site have an impact on the estimated size effect. Slightly
reduced RR was observed in the meta-analysis of studies in
which results were adjusted to potential confounders (RR
=1.56, 95% CI 1.26 to 1.92) and RR lost significance in
populations with sex-related cancers (RR =1.41, 95% CI
0.73 to 2.73) as well as in studies relying on the BDI as
a psychological screening tool and a nutritional screening
tools other than the PG-SGA and the MNA (Supplementary
Table 8).
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A
Study NS TOOL NS COMP PSTOOL PS COMP Risk Ratio RR 95% ClI Weight
HADS-D
Ehrsson, 2021 GLIM-C ABNvs N HADS-D 27 vs <7 -l-' 191 [1.05; 3.48] 16.1%
Evangelou, 2023 PG-SGA 24 vs 4 HADS-D 211vs <11 —— 256 [1.17; 5.60] 11.2%
Soria-Utrilla, 2022 GLIM-C ABNvs N HADS-D 28 vs <8 + 3.68 [1.53; 8.86] 9.4%
Nucci, 2023 NRS-2002 23vs <3 HADS-D 28 vs <8 — 4.00 [1.39; 11.50] 6.9%
Gosak, 2020 NRS-2002 23vs <3 HADS-D 27vs<7 —— 5.76 [1.25; 26.56] 3.6%
Sanchez-Torralvo, 2022 GLIM-C ABNvs N HADS-D 28 vs <8 =i 6.29 [2.51; 15.76] 8.7%
Random effects model < 317 [2.14; 4.70] 55.9%
Heterogeneity: 1 = 16.9%, p = 0.3045
OTHER
Xue, 2022 PG-SGA 24 vs 4 HAMD 28 vs <8 —1— 1.72 [0.49; 6.05] 5.1%
Sun, 2020 WL, BMI, SMI ABNvsN PHQ-9 >10vs<10 I 241 [1.56; 3.72] 22.9%
Williams, 2020 abPG-SGA 26 vs <6 PROMIS-D 24 vs 0-3 = 5.10 [2.02; 12.90] 8.6%
Bruera, 1984 AMC, TSF, WI, ALB, Hl ABNvsN  HAMD >20 vs €20 —-— 5.82 [1.79; 18.92] 5.8%
Westin, 1988 ANTR, ALB, K ABNvsN CPPRS >1.5vs<1.5 3 19.00 [2.08; 173.74] 1.8%
Random effects model > 3.56 [1.98; 6.40] 44.1%
Heterogeneity: /% = 41.8%, p = 0.1426
Random effects model i : ® : i 3.23 [2.39; 4.38] 100.0%

0.01 041 1 10 100

Heterogeneity: 1= 22.5%, p =0.2291
Test for subgroup differences: Xf =0.10,df =1 (p = 0.7501)

B
Study NS TOOL NS COMP PSTOOL PS COMP Risk Ratio RR 95% CI Weight
HADS-A
Soria-Utrilla, 2022 GLIM-C ABNvs N HADS-A 28vs<8 —i— 1.25 [0.66; 2.36] 13.8%
Gosak, 2020 NRS-2002 23vs<3 HADS-A 27vs<7 1.35 [0.11; 16.57] 0.9%
Ehrsson, 2021 GLIM-C ABNvs N HADS-A 27vs<7 = 1.52 [0.82; 2.82] 14.7%
Sanchez-Torralvo, 2022 GLIM-C ABNvs N HADS-A 28vs <8 i 1.98 [1.00; 3.93] 11.9%
Evangelou, 2023 PG-SGA 24 vs 4 HADS-A 211 vs <11 — 2.74 [1.24; 6.07] 8.9%
Nardi, 2024 NRS-2002 23vs 3 HADS-A 211 vs <11 — 3.06 [1.21; 7.71] 6.5%
Random effects model <> 1.82 [1.33; 2.49] 56.7%
Heterogeneity: 1= 0%, p =0.5486
OTHER
Xiao, 2022 CONUT 25 vs <5 S-Al 236 vs <36 —r 1.32 [0.60; 2.88] 9.2%
Sun, 2020 WL, BMI, SMI ABNvsN  GAD-7 >10vs <10 —— 1.83 [1.11; 3.01] 22.5%
Williams, 2020 abPG-SGA 26vs <6 PROMIS-A 24 vs 0-3 - 3.00 [1.50; 6.00] 11.7%
Random effects model > 1.95 [1.29; 2.95] 43.3%
Heterogeneity: 1 = 20.2%, p = 0.2857
Random effects model : l 01 | 1.87 [1.48; 2.37] 100.0%

0.1 051 2 10

Heterogeneity: = 0.0%, p =0.5810
Test for subgroup differences: Zf =0.07,df =1 (p = 0.7856)

Fig. 1 Graphical representation of the association between nutritional
status and A depression B anxiety: meta-analysis depicting relative
risk of depression or anxiety for the patients from the highest risk of
nutritional impairment compared with the lowest risk. Red squares
and horizontal black segments reflect point estimates and confidence
intervals of relative risks in individual studies, respectively, while

Comparison of means of psychological scores
between extreme categories of nutritional status

Meta-analysis of standardised mean differences of psycho-
logical scores between extreme categories of nutritional sta-
tus revealed significantly higher scores in individuals with
nutritional impairment compared with those with normal

@ Springer

black diamonds depict pooled RRs with 95% CIs. Abbreviations: NS
TOOL—nutritional tool, NS COMP—compared extreme categories
of nutritional status, PS TOOL—psychological tool, PS COMP—
compared categories of psychological status, ABN vs N—abnormal
vs normal values, GLIM-C- GLIM criteria

nutritional status (SMD =0.69, 95% CI 0.50 to 0.88 for
depression based on 11 studies and SMD =0.54, 95% CI
0.26 to 0.82 for anxiety based on 9 studies). Studies using
HADS-D (SMD =0.85, 95% CI 0.37 to 1.32) and BDI-
II (SMD =0.79, 95% CI 0.60 to 0.982) as psychological
screening tools, as well as low-quality studies (SMD =0.92,
95% CI10.51 to 1.33 vs. SMD =0.44, 95% CI 0.37 to 0.51)
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Table 2 Main results of

. ! Analysis N
meta-analysis exploring the

comp

RR/SMD [95% CT] p 2 [%] Piet

association between nutritional
status and depression and

Comparison of risk depression and anxiety disorders across extreme categories of nutritional impairment

anxiety Depression

Main analysis 11 3.23[2.39; 4.381° < 0.001 22.5 0.229

Trim and fill analysis 15 2.71[1.94; 3.77]$ < 0.001 40.7 0.051
Anxiety

Main analysis 9 1.87 [1.48;2.371° < 0.001 0 0.581

Trim and fill analysis 10 1.81 [1.44; 2.28]$ < 0.001 0 0.543
Comparison of risk nutritional impairment across extreme categories of depression and anxiety
Depression

Main analysis 12 2.01[1.62; 2.49]$ < 0.001 87.8 < 0.001

Trim and fill analysis 18 1.39[1.13; l.71]$ 0.002 86.9 < 0.001
Anxiety

Main analysis 2 1.38 [0.68; 2.80]$ 0.379 734 0.053

Trim and fill analysis -

Comparison of mean scores of depression and anxiety across extreme categories of nutritional status

Depression
Main analysis 11 0.69 [0.50; 0.88]& < 0.001 86.4 < 0.001
Trim and fill analysis 16 0.44 [0.23; 0.64]% < 0.001 90.7 < 0.001
Anxiety
Main analysis 9 0.54 [0.26; 0.82]% < 0.001 93 < 0.001
Trim and fill analysis 12 0.70 [0.45; 0.96]& < 0.001 93.9 < 0.001
Neomp—number of comparisons synthetized in individual analyses, I>—heterogeneity statistic, Py ,—P for

heterogeneity, RR—relative risk, SMD—standardised mean difference, $Designated values present RRs,

&Designated values present SMDs

showed significantly higher size effects reflecting more neg-
ative impact of malnutrition on depression (Table 2, Fig. 2).
Moreover, subgroup analysis restricted to studies applying
GLIM criteria as a nutritional screening tool assessed the
detrimental effect of malnutrition on anxiety on a lower level
than the remaining studies (SMD =0.19, 95% CI1 0.04, 0.35;
Supplementary Table 9), however, the result was still sig-
nificant. The omission of any of the studies did not change
significantly the value of pooled RR or reduce heterogeneity
(Supplementary Fig. 5). Some evidence of asymmetry of
funnel plot for depression was detected (p <0.05 for Egger’s
test; Supplementary Fig. 3C), after adding 5 missing stud-
ies in sensitivity trim-and-fill analysis positive association
between malnutrition and depression was confirmed (SMD
=0.44,95% CI1 0.23 to 0.64; Table 2).

Correlational studies on the association

between nutritional score and psychological score
and narrative review of the studies not included
in meta-analysis

Twelve studies [11, 14-24] did not contain data that
needed to be included in a quantitative synthesis and were
described only in narrative form. Detailed characteristics of
these studies are presented in Table 1. Shortly, four articles

investigated both depression and anxiety and 8 depression
alone. Patients with various types of cancers were recruited
in four studies, while in the other 8 specific tumour sites was
a condition enabling for inclusion [head and neck (n =3),
lung (2), prostate (n = 1), breast (n =1) and gastric (n =1)
cancers]. Various psychological screening tools were applied
in individual studies, however, mostly MNA (n =5) and
PGA-SGA (n =4) were used to measure nutritional impair-
ment. The examined patients were from European (n =3),
Eastern (n =5) and Western (n =4) countries. Most studies
were concentrated on various stages of tumour (n =8) and
4 restricted populations only to advanced cancer patients.
Eleven out of 12 studies not included in the meta-
analysis and two additional included in meta-analysis
investigated scores of depression and/or anxiety as well
as scores of nutrition as continuous variables and pre-
sented measures of correlation between them. Summary
of the correlation (Pearson’s or Spearman) and stand-
ardised linear regression coefficients extracted from all
studies included in this systematic review are graphically
depicted in Fig. 3. 10 out of 13 studies on depression and
5 out of 6 studies on anxiety, indicated a significant posi-
tive correlation between worse nutritional score and worse
mental score. Five studies presented results adjusted to
potential confounders [14, 19, 20, 22, 23], all showed the

@ Springer



162 Page 34 of 41 Aging Clinical and Experimental Research (2025) 37:162
A Standardised Mean
Study NS TOOL NS COMP PS TOOL Difference SMD 95% CI Weight
HADS-D
Ehrsson, 2021 GLIM-C ABNvs N HADS-D - 0.30 [0.05;0.55] 9.4%
Soria-Utrilla, 2022 GLIM-C ABNvs N HADS-D - 0.50 [0.23;0.77] 9.2%
Sanchez-Torralvo, 2022 GLIM-C ABNvs N HADS-D & 0.60 [0.33;0.87] 9.2%
Gillis, 2021 PG-SGA 29vs <4  HADS-D —— 1.10 [0.73;1.47] 7.9%
Chabowski, 2018 MNA <17 vs 223.5 HADS-D —— 1.80 [1.43;2.17] 7.9%
Random effects model ’ 0.85 [0.37; 1.32] 43.7%
Heterogeneity: I° = 92%, p < 0.0001
BDI
Nho, 2014 PG-SGA 29 vs <9 BDI —— 0.70 [0.35;1.05] 8.2%
Yildirim, 2022 NRS-2002 23 vs <3 BDI - 0.80 [0.53;1.07] 9.2%
Kim, 2024 PG-SGA 29 vs <9 BDI-II —i— 0.90 [0.47;1.33] 7.2%
Random effects model <> 0.79 [0.60; 0.98] 24.6%
Heterogeneity: = 0%, p =0.7768
OTHER
McLay, 2024 abPG-SGA 26vs <6 ESAS-r-D 0.40 [0.30; 0.50] 11.0%
Singhal, 2024 MNA, BMI, WL ABNvsN GDS-15 = 0.40 [0.22; 0.58] 10.3%
Sun, 2020 WL, BMI, SMI  ABNvs N PHQ-9 = 0.50 [0.32;0.68] 10.3%
Random effects model ¢ 0.42 [0.34; 0.50] 31.7%
Heterogeneity: 1= 0%, p = 0.6068
Random effects model | | OI , 0.69 [0.50; 0.88] 100.0%
-2 -1 0 1 2
Heterogeneity: = 86.4%, p < 0.0001
Test for subgroup differences: 12 =14.51, df =2 (p = 0.0007)
B Standardised Mean
Study NS TOOL NS COMP PS TOOL Difference SMD 95% CI Weight
HADS-A | i
Ehrsson, 2021 GLIM-C ABNvs N HADS-A s 8 0.10 [-0.15; 0.35] 11.3%
Soria-Utrilla, 2022 GLIM-C ABNvsN HADS-A 4.- 0.20 [-0.07;0.47] 11.1%
Sanchez-Torralvo, 2022 GLIM-C ABNvs N HADS-A -.-‘ 0.30 [0.03; 0.57] 11.1%
Gillis, 2021 PG-SGA 29vs <4  HADS-A - 0.60 [0.25;0.95] 10.4%
Chabowski, 2018 MNA <17 vs 223.5 HADS-A —— 2.00 [1.61;2.39] 10.0%
Random effects model -~ 0.63 [ 0.05; 1.20] 53.9%
Heterogeneity: /% = 94.5%, p < 0.0001
OTHER
Sun, 2020 WL, BMI, SMI  ABN vs N GAD-7 E 0.30 [0.12;0.48] 11.9%
Singhal, 2024 MNA, BMI, WL ABN vs N GAD-7 = 0.30 [0.12;0.48] 11.9%
Xiao, 2022 CONUT 25vs <5 S-Al i 0.40 [0.01;0.79] 10.0%
McLay, 2024 abPG-SGA 26 vs <6 ESAS-r-A | 0.80 [0.70; 0.90] 12.3%
Random effects model > 0.46 [ 0.14; 0.78] 46.1%
Heterogeneity: /% = 92.4%, p < 0.0001
Random effects model : | > ; : 0.54 [ 0.26; 0.82] 100.0%
-2 -1 0 1 2

Heterogeneity: P?= 93.0%, p < 0.0001
Test for subgroup differences: Xf =0.25,df=1(p =0.6153)

Fig.2 Graphical representation of the association between scores of
A depression B anxiety and nutritional status: meta-analysis depict-
ing standardised mean differences in psychological outcomes between
patients from the highest risk of nutritional impairment compared
with the lowest risk. Red squares and horizontal black segments
reflect point estimations and confidence intervals of standardised

same direction of the association, however only three of
them depicted statistically significant correlations between
scores. Specifically, baseline PHQ-9, but not HADS-A,
was the significant predictor for PGA-SGA score; SNAQ
was negatively correlated with BDI; and increase in the

@ Springer

mean differences in individual studies, respectively, while black
diamonds depict pooled SMDs with 95% Cls. Abbreviations: NS
TOOL—nutritional tool, NS COMP—compared extreme categories
of nutritional status, PS TOOL—psychological tool, PS COMP—
compared categories of psychological status, ABN vs N—abnormal
vs normal values, GLIM-C- GLIM criteria

PG-SGA was associated with increase in the BAI but not
in BDI score.

Finally, one study [17] was not included in the meta-anal-
ysis because separately examined some aspects of nutritional
status, such as albumin level, weight loss, and BMI, but did
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A

Study NS TOOL PS TOOL STAGE

Castro, 2024 MIS HAM ANY

Ma, 2013 ~ PG-SGA PrCHECK-D llI-IV B

Kacar, 2024 PG-SGA BDI ANY

Lin, 2021 ~_SNAQ-r BDI ~ ANY —

Giannousi, 2012 MNA-r HADS-D -1V —_——

Overcash, 2023 MNA-r GDS-15 ANY

McLay, 2024  abPG-SGA ESAS-r-D  ANY L |

Wang, 2022 MNA-r CES-D ANY —_——
Yildirim, 2022 ~ NRS-2002 BDI - —

Alkan, 2018 PG-SGA HADS-D ANY —_—
Toliusiene, 2004 MNA-r GDS-short  llI-IV ———ee
Chabowski, 2018  MNA-r  HADS-D  ANY ——
Umtawska, 2024  MNA-r PHQ-9 1i-1Iv : : : : —'I— |

-0.2 0 0.2 04 06 0.8 1
Correlation or regression coefficient (95% CI)

Study NS TOOL PS TOOL STAGE

Giannousi, 2012 MNAT __ HADS-A__ IlIl-IV e

Ma, 2013 ~ PG-SGA PrCHECK-A IV

MclLay, 2024  abPG-SGA ESAS--A _ ANY -

Kacar,2024  PG-SGA  BAl ___ ANY

Alkan, 2018 PG-SGA HADS-A _ ANY e

Chabowski, 2018 MNA-r __ HADS-A _ANY _ | | . |

Fig.3 Graphical representation of the association between scores of
A depression B anxiety and nutritional score depicting correlation
and regression coefficients extracted from individual studies. Blue
squares and horizontal black segments reflect point estimations and
confidence intervals of correlation coefficients or standardised regres-
sion coefficients in individual studies, respectively. Abbreviations: NS
TOOL—nutritional tool, PS TOOL—psychological tool, STAGE—

not use any composite score to measure comprehensively
the construct. It was shown that in patients with HNSC, the
mean pretreatment serum albumin level was significantly
lower in the depressive group than in the non-depressive
group (3.9 vs 4.2 mg/dL; P < 0.001), but this difference was
not present 1 month after treatment (3.7 vs 3.9 mg/dL; P=
0.142).

Discussion

In this comprehensive meta-analysis and systematic review
summarising the evidence from 41 observational studies on
patients with different types and stages of cancer, we found a
significant association between malnutrition and psychologi-
cal outcomes, such as anxiety and depression. We compared
the risk, as well as the mean scores of both psychological
outcomes between extreme categories of nutritional status,
consistently revealing their positive correlation. Our study
showed substantially homogeneous results, with some fluc-
tuations in size effects and minor loss of significance in
certain subgroups (e.g., in studies on sex-related cancers

-0.2 0 02 04 06 08 1
Correlation or regression coefficient (95% Cl)

cancer stage. All nutritional scales were transformed if needed by
multiplying their result by minus one, such that higher scores always
reflect worse nutritional status; nutritional tools (MNA and SNAQ)
for which such transformation was applied are denoted by the suffix
“-r”. Higher scores of mental tools used in original articles always
meant higher risk of mental disorder

in analysis of the effect of depression on nutritional impair-
ment), dependent on specific analysis, and mostly due to
the limited number of individual comparisons included. To
the best of our knowledge, this is the first meta-analysis to
examine the association between nutritional status and psy-
chological disorders, particularly depression and anxiety, in
cancer patients.

sThe psychological and physical burden of chronic dis-
eases can cause suboptimal food intake and also increased
levels of mental distress. A statistically significant direct
relationship between the risk of undernutrition and the
risk of depression has been found in hospitalised patients
[54]. Undeniably, specifically in oncology populations poor
nutritional status and emotional suffering are common.
The relationship between depression, anxiety, and cancer
outcomes remains ambiguous. The findings from a meta-
analysis conducted by Wang et al. (2020) revealed a corre-
lation between both clinically diagnosed psychiatric condi-
tions, and diminished survival outcomes in cancer patients
[55]. Linden et al. (2012) identified oncology populations
most in need of psychosocial support and showed that clini-
cal anxiety and depression affected 19.0% and 12.9% of
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patients, respectively. Individuals with lung, gynecological,
and hematological cancers reported the highest levels of dis-
tress at diagnosis. The cited study also found that women
exhibited larger rates of anxiety and depression than men,
often two to three times higher. Furthermore, emotional
distress was found to be inversely related to age in certain
types of cancers. Over half of patients under 50 and women
across all cancers were suffering from subclinical or clinical
anxiety [12]. In our meta-analysis, the estimated prevalence
of depression and anxiety was at a level of 30% and 26%,
respectively. Comparable, in an outpatient oncology popu-
lation, Zeilinger et al. estimated that a significant percent-
age of patients manifested signs of depression (29.7%) and
anxiety (35.2%), with about half of them showing symptoms
strongly indicative of a very likely condition. The frequency
of both psychological disorders was found to vary between
tumour anatomical sites and the highest levels were noted
in the populations suffering lung, brain, kidney/bladder,
pancreas and head and neck cancers, while the lowest were
observed in patients with testis, haematological, colon/rec-
tum and breast cancer [56]. It should be emphasised that
signs of depression and anxiety are mainly associated with
advanced disease, as well as a low educational level, with
prevalence rates appearing to be comparatively elevated in
low- and middle-income countries [57]. It was postulated
that the over-representation of depressive symptoms among
cancer patients with weight loss indicates that the mental
state is associated with physical impoverishment rather than
with the malignant condition per se [26]. At the same time in
an intervention pilot trial comprising the oral cavity, phar-
ynx and larynx cancer patients undergoing radiotherapy and
being at greater nutritional risk, a significant reduction in the
PG-SGA and lower mortality was observed in favour of the
subjects receiving motivational interviewing and cognitive
behavioural therapy compared to controls treated as usual
[58]. Moreover, in another intervention study conducted
on patients with advanced gastric cancer who underwent
chemotherapy, personalized nutrition enhanced the quality
of life and had a favorable effect on psychological resilience
compared with routine management, and when combined
with acceptance and commitment therapy additionally alle-
viated the side effects of chemotherapy [59]. In our meta-
analysis, we confirmed the observation that the relationship
between malnutrition and worsened mental status may be
bidirectional, as suggested by some included studies.
Cancer has been shown to affect patients'quality of
life, adherence to treatment and overall care [21, 60, 61].
Adequate and balanced nutrition [62] is therefore critical
to maintain physical and mental well-being during cancer
treatment and to achieve better survival outcomes [16, 21,
63, 64]. In oncology populations, disturbances in nutri-
tional status are associated with various factors, including
the presence of cancer itself, the therapeutic interventions

@ Springer

used, changes in metabolic processes, dietary imbalances,
and decreased physical activity [65]. Furthermore, age and
stage of disease have been shown to have an impact on the
deterioration of nutritional status during treatment [30].

The findings from the present meta-analysis indicate a
strong association between malnutrition and an increased
risk of depression and anxiety in the oncology population.
A comparison of patients with normal nutritional status
against those with malnutrition revealed a more than three-
fold elevated risk of depression (RR =3.23,95% CI 2.39 to
4.38) and a nearly twofold heightened risk of anxiety (RR
=1.87,95% CI 1.48 to 2.37). Subgroup analyses consist-
ently showed a higher risk of psychological disorders in
malnourished patients, though some subgroups displayed
variations in statistical significance. The use of various self-
reported depression screening tools revealed that the correla-
tion between nutritional status and psychological well-being
remains robust irrespective of the assessment method. Tak-
ing into account a direct link between distress and specific
disorders of emotion regulation such as depression and anxi-
ety, these results align with previous research indicating a
strong positive correlation between Distress Thermometer
and PG-SGA scores across various types of cancer patients
and specifically in patients with advanced head-and-neck
cancer [11, 66]. Prior studies have consistently shown that
malnourished individuals are at a significantly higher risk of
depression. Subjects suffering from chronic illnesses, includ-
ing cancer and inflammatory bowel disease, are predisposed
to both malnutrition and depression. Nevertheless, certain
studies reported associations that were less pronounced or
yielded non-significant findings in specific cancer subgroups
within the context of mental health disorders. These varia-
tions can be attributed to differences in study design, sample
size, or the methods employed to assess nutritional and psy-
chological status and were reflected in high heterogeneity
in some of our sub-analyses. For instance, among studies
included in the current meta-analysis, Ehrsson et al. (2021)
found a significant relationship between malnutrition and
depression but not with anxiety [38]. Similarly, a study by
Britton et al. (2012) reported that while depression was a
key predictor of malnutrition risk at various stages of cancer
treatment, anxiety did not appear to have a similar impact
[14]. This suggests that while malnutrition is a critical risk
factor for depression across various cancer populations, its
impact on anxiety may vary depending on additional clinical
and demographic factors.

The majority of participants from the articles included in
this meta-analysis were over 60 years of age. Studies con-
sistently show a high prevalence of both malnutrition and
depression among the elderly. For instance, in a study con-
ducted in Bangladesh by Alam et al. (2021), 84% of elderly
participants exhibited symptoms of depression, and those
who were malnourished had a significantly increased risk of
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depression (OR =4.05) [67]. Similarly, another study found
that 43.62% of older adults were depressed, and 48.01% of
these were malnourished or at risk of malnutrition [68]. In a
research conducted by Asma et al. (2023) among hospital-
ized elderly patients, 28.6% were undernourished, 37.3%
were depressed and a significant relationship between both
conditions was found p < 0.001) [54]. In a study of older
Chinese adults, malnourished individuals were 31% more
likely to be depressed compared to those who were not
malnourished [69]. Malnutrition and depression are closely
related health issues that are particularly common among
older people and those with chronic diseases. Malnutrition,
mainly in older adults has been demonstrated to be associ-
ated with cognitive decline, which has been shown to exac-
erbate depressive symptoms by impairing the ability to cope
with stress and reducing overall mental resilience [70]. A
decrease in emotional status has been identified as both a
cause and a consequence of malnutrition in those older adult
groups. Poor nutritional status has been shown to lead to
poor emotional well-being, creating a vicious cycle where
depression worsens malnutrition and vice versa [67, 70].

It is widely recognized that malnutrition has a significant
impact on the development of depression, with this influence
being exerted through a number of different mechanisms
and populations. It is evident that malnutrition can induce
changes in the hypothalamic—pituitary—adrenal (HPA) axis,
which can result in elevated levels of stress hormones, such
as cortisol, which have been shown to be associated with
depression [71]. Malnutrition can result in deficiencies in
essential nutrients such as vitamins and minerals, as well
as macronutrients. These nutrients are crucial for brain
functioning, for instance, omega-3 fatty acids play a key
role in maintaining the structure and function of brain cell
membranes, while specific amino acids like tryptophan and
tyrosine serve as precursors for neurotransmitters such as
serotonin and dopamine, respectively [72]. These neuro-
transmitters play a significant role in mood regulation, and
their deficiency can contribute to depressive symptoms [54,
70]. Poor nutritional status can lead to physical health prob-
lems such as muscle atrophy, impaired immune function,
and chronic diseases, which can, in turn, increase the risk
of depression. The physical decline associated with malnu-
trition can reduce an individual's ability to engage in daily
activities, leading to feelings of helplessness and depres-
sion [54, 73, 74]. Malnutrition is associated with reduced
physical function, which can lead to a loss of autonomy and
increased dependency on others. This loss of independence
can contribute to feelings of anxiety and stress [70].

The interaction between malnutrition and depression
characterised by a bidirectional relationship, particularly in
the context of psychological support for nutritional inter-
ventions for cancer patients, has been emphasised by many
authors [11, 43, 53]. It is not clear which is the cause and

which is the effect, which we addressed in our meta-analysis.
Our findings demonstrated that cancer patients diagnosed
with depression exhibited a twice elevated risk of com-
promised nutritional status in comparison with the control
group. No such correlation was observed in relation to anxi-
ety, although only two studies were identified, hence this
result should be treated with caution.

Depression has been shown to be associated with more
severe nutritional impact symptoms (NIS), including ano-
rexia and early satiety, which can result in reduced food
intake [75]. Patients with higher NIS scores have been
found to report lower food intake, highlighting the impact
of depression on their ability to consume adequate calo-
ries. Constipation and oral ulceration, further exacerbat-
ing the nutritional status, have been found to be associated
with depression [75, 76]. The pathophysiology of cancer
cachexia, a condition characterised by significant weight loss
and muscle atrophy, involves complex mechanisms beyond
simple caloric deficiency. Depression has been shown to
exacerbate cachexia by affecting inflammatory and cata-
bolic pathways, consequently leading to further reductions
in caloric intake [77]. Depression has been demonstrated
to enhance weight loss in cancer patients. For instance, in
patients diagnosed with head and neck cancer, those who
also suffered from depression experienced more signifi-
cant weight loss compared to those who did not suffer from
depression. This weight loss was also associated with lower
levels of leptin, a hormone involved in appetite and weight
regulation [78]. Depression has been shown to exacerbate
the side effects of chemotherapy, including nausea or vomit-
ing, which can result in weight loss [79]. The type and stage
of cancer have been demonstrated to influence the manner
in which depression affects weight. For instance, patients
diagnosed with breast cancer who are undergoing chemo-
therapy often experience weight gain, which is associated
with a more unfavorable prognosis [80]. Depression signifi-
cantly affects weight changes in cancer patients, with both
weight loss and weight gain. They are likely to depend on
various factors such as gender, cancer anatomical site, and
side effects of treatment. Addressing depressive symptoms
through appropriate psychological and pharmacological
interventions is crucial for improving the overall well-being
and quality of life of cancer patients [8].

Many studies demonstrated associations between diet
quality and mental health. A previous meta-analysis
showed that dietary interventions represent a promising
strategy for reducing depressive symptoms in the gen-
eral population [81]. Dietary interventions significantly
reduced depressive but not anxiety symptoms. Moreover,
greater benefits were observed in females for both depres-
sion and anxiety [81]. The findings suggest that a healthy
dietary pattern (diet rich in fruits, vegetables, whole
grains, fish, olive oil, low-fat dairy, and antioxidants, with
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limited animal food consumption), is associated with a
lower risk of depression, which confirmed other meta-
analyses [82, 83]. Conversely, a Western-style diet (high
in red and processed meat, ultra-processed food, refined
grains, sweets, high-fat dairy, butter, potatoes, and high-fat
gravies, with low fruit and vegetable intake) may increase
depression risk [84, 85]. Strong evidence specifically sup-
ports the Mediterranean diet, dietary inflammatory index
(DII), and higher scoring in the healthy eating index (HEI)
in reducing depression risk [86]. Adherence to a healthy
diet, particularly the Mediterranean diet, or avoiding a
pro-inflammatory diet may offer protective effects against
depression in observational studies [86]. Although there
is a corroborated relation between a healthy diet and a
reduced likelihood of developing depressive symptoms,
there is no unequivocal support for the hypothesis that
dietary influences play a direct role in the etiology of
depression [87].

However, the overall nutritional status on mood and
psychological well-being remains unclear. Deficiencies in
specific nutrients, such as n-3 polyunsaturated fatty acids
(PUFAs), are linked to increased depressive and anxiety-
like behaviors. Conversely, diets characterised by a high
proportion of n-6 PUFAs have been linked to an increased
prevalence of depressive symptoms [71, 82, 88]. Conversely,
high consumption of sugar-sweetened beverages was associ-
ated with an increased risk of depression [88]. Significant
weight loss, associated with the risk of malnutrition, has
been linked to increased anxiety and depression, exacerbated
disease progression and diminished quality of life [35]. One
potential mechanism for mental health deterioration may
be related to diet and malabsorption. Identified changes in
vitamin B12 levels and body composition during a patient's
treatment contribute to anxiety [23]. Folic acid and vitamin
B12 deficiencies have been demonstrated to impair homo-
cysteine metabolism, potentially contributing to neurological
and psychiatric disorders by impairing neurotransmitter syn-
thesis and neuronal plasticity [89-91]. While some studies
have indicated a correlation between vitamin D deficiency
and depression, the evidence for an association with anxiety
remains inconclusive [92-94]. It is crucial to acknowledge
that patients grappling with severe symptoms, unemploy-
ment, and dietary challenges are more susceptible to malnu-
trition [21], however, an improvement in nutritional status is
associated with better mental health outcomes [24].

The combination of malnutrition and depression can
significantly reduce the quality of life. In cancer patients,
poor nutritional status was found to be inversely associated
with functional capacity and quality of life, with depression
and anxiety mediating these effects [43]. Malnutrition and
depression together increase healthcare costs, highlighting
the economic burden of these comorbid conditions [69]. For
patients with chronic conditions like cancer, psychosocial
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support and nutritional interventions are crucial to improve
quality of life and manage treatment symptoms [38].

Several limitations should be taken into account despite
the strengths of this meta-analysis. First, the pooled results
might have been affected by the heterogeneity regarding
study designs, cancer anatomical sites, and tools used for
assessing both nutritional and psychological status. Second,
the direction of the relationship between malnutrition and
psychological disorders is unclear. Although malnutrition
may be an important risk factor for depression and anxiety,
it is also plausible that experiencing psychological distress
may cause a reduction in nutritional intake, leading to mal-
nutrition. As much as possible, we accounted for this in our
research by performing analyses in both directions, however,
the real nature of this association underscores the impor-
tance of longitudinal studies to clarify causality. Third, half
of the papers included in the meta-analysis did not control
for potential confounders, so we cannot exclude that better-
designed studies with more rigorous control of covariates
could weaken the results.

In conclusion, the findings emphasize the critical need for
integrating nutritional assessments into the routine care of
cancer patients, particularly those at risk of psychological
distress. Early identification and intervention for malnutri-
tion may help mitigate the development or exacerbation of
depressive and anxiety symptoms. Future research should
focus on longitudinal and intervention studies to further
explore the causal pathways between malnutrition and psy-
chological disorders. Additionally, the use of standardized
assessment tools for both nutrition and mental health would
improve comparability across studies and strengthen evi-
dence-based recommendations.
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