
Food &
Function

PAPER

Cite this: Food Funct., 2025, 16, 2432

Received 12th July 2024,
Accepted 15th February 2025

DOI: 10.1039/d4fo03332a

rsc.li/food-function

Relationships of sarcopenia symptoms and dietary
patterns with lung cancer risk: a prospective
cohort study†

Huijun Zhou,‡a Fubin Liu,‡a Jingyi Xu,‡b Xixuan Wang,a Yu Peng,a Peng Wang,a

Changyu Si,a Jianxiao Gong,a Jiale Gu,a Ailing Qina and Fangfang Song *a

Background: Few studies focused on the effects of sarcopenia on lung cancer in the general population

and optimizing nutritional intake may be a feasible way to manage sarcopenia. We sought to systemati-

cally investigate the associations of sarcopenia symptoms with lung cancer incidence and mortality in the

general population, and whether dietary patterns could modify these risks. Methods: A total of 361 763

participants (mean age: 56.2 years; and men: 46.7%) were included in this prospective UK Biobank study.

Sarcopenia symptoms (low handgrip strength, low muscle mass and slow walking pace) were determined

according to European Working Group of Sarcopenia in Older People 2 (EWGSOP2) criteria. Individuals

without any of the three sarcopenia symptoms were classified as the normal control group. Based on the

baseline data from food frequency questionnaires, primary dietary patterns were identified through princi-

pal component analysis. Cox proportional hazards models were used to examine associations between

sarcopenia symptoms as well as dietary patterns and lung cancer. Then we explored the joint effects of

sarcopenia symptoms and dietary patterns on lung cancer risk. Results: A total of 3532 incident lung

cancer cases and 2073 deaths were documented during a median follow-up of 12 years. All the sarcope-

nia symptoms were associated with a higher risk of lung cancer incidence than the normal control group,

especially in people aged <60 (Pinteraction < 0.05). Particularly, a stronger association was observed for

slow walking pace with incidence (hazard ratio [HR]: 1.49, 95% confidence interval [CI]: 1.34–1.65) and

mortality (HR: 1.54, 95% CI: 1.35–1.75) of lung cancer. Higher adherence to the wholegrain pattern was

associated with a greater reduction in the risk of lung cancer incidence (HRQ4vs.Q1: 0.71, 95% CI:

0.65–0.79) and mortality (HRQ4vs.Q1: 0.68, 95% CI: 0.60–0.77). The joint analysis demonstrated that the

risk of lung cancer-related outcomes associated with low handgrip strength gradually reduced as the

quartile of wholegrain pattern scores increased (Ptrend < 0.05). Conclusions: Our study indicated that indi-

viduals with sarcopenia symptoms suffered a higher risk of lung cancer incidence and mortality even in

younger age. A diet abundant in whole grains may help to improve sarcopenia symptoms and reduce

adverse lung cancer-related outcomes associated with low handgrip strength.

Introduction

Sarcopenia is a progressive and systemic disorder of skeletal
muscle characterized by decreased skeletal muscle mass,
strength, and function, which commonly occurs with advan-
cing age, but can also occur earlier in life.1 Longitudinal data
show that muscle mass declines at a rate of 8% per decade from
the age of 40, reaching 15% per decade after the age of 70.
Muscle strength weakens at a greater rate than muscle mass,
with a 10% to 15% decline per decade starting at age 40 and a
faster rate of 25% to 40% per decade after age 70.2In the general
population, few studies have reported the prevalence of sarcope-
nia in people under 60 years old; however, it was estimated that
approximately 10% to 16% of participants aged 60 years and
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older worldwide suffer from sarcopenia, which is increasing
with the quick rate of population aging.3 Sarcopenia has been
linked to an increased likelihood of various adverse conse-
quences, including mortality of multiple site-specific cancers,
such as digestive system, lung, breast, etc.3–5

The intensifying aging trend of the global population also
imposes an ever-increasing incidence of cancer. With almost
2.5 million new cases and over 1.8 million deaths worldwide,
lung cancer is the leading cause of cancer morbidity and mor-
tality in 2022.6 Research on lung cancer has revealed that
patients with sarcopenia prior to treatment exhibit an elevated
susceptibility to toxicity from chemotherapy, a poorer progno-
sis, and post-operative complications.7,8 Specifically, a meta-
analysis has found that lung cancer patients have the highest
risk of poor overall survival concerning sarcopenia-related mor-
tality and survival rate and other consequences.3

Epidemiological evidence has implicated chronic inflam-
mation, higher insulin levels, and insulin resistance in lung
cancer etiology,9,10 which are also related to sarcopenia.2

Although this suggests that lung cancer and sarcopenia may
share similar pathophysiological mechanisms, studies on the
correlations of sarcopenia with the risk of lung cancer in the
general population are still lacking.

There are no licensed medications for sarcopenia currently.
Optimizing nutritional intake may be an effective intervention
in sarcopenic patients. The current evidence from nutritional
epidemiology has indicated a beneficial link between a healthier
dietary pattern, e.g., the Mediterranean diet (MD), and improved
muscle function.11 Notably, previous studies have demonstrated
that higher adherence to the MD was linked to a lower risk of
lung cancer.12 The relationship between data-driven dietary pat-
terns and the risk of sarcopenia is a topic of current debate.
One meta-analysis13 has revealed that the maximal adherence to
the “western/meat” dietary pattern was associated with a sub-
stantial increase in lung cancer risk, whereas the highest adher-
ence to the “healthy/prudent” pattern demonstrated the oppo-
site effect. To the best of our knowledge, there is a scarcity of
research to investigate the combined influence of dietary pat-
terns and sarcopenia on lung cancer.

In this study, we utilized a large-scale sample size and a
longitudinal perspective afforded by the UK Biobank to
examine the associations between sarcopenia symptoms and
the risk of lung cancer incidence and mortality. Additionally,
we investigated the joint association of dietary patterns and
sarcopenia symptoms with lung cancer-related outcomes.

Materials and methods
Study design and participants

Over 500 000 participants (5.5% response rate), aged 37 to 73
years, were recruited from the general population between
2006 and 2010 to participate in the UK Biobank. Detailed infor-
mation on study design, implementation, and data acquisition
can be found at https://www.ukbiobank.ac.uk.14 The dataset
encompassed details of sociodemographic characteristics, life-

style factors, physical examinations, and medical histories,
acquired through a touchscreen questionnaire and a brief
verbal interview. Written informed consent was obtained from
all participants, and ethical approval for the UK Biobank study
was granted by the North West–Haydock Research Ethics
Committee (Approval No: 16/NW/0274). The research adhered to
the ethical principles delineated in the Declaration of Helsinki.

In the present analysis, we excluded pregnant women (n =
371), and participants with diagnosed cancer (except for non-
melanoma skin cancer) from the baseline (n = 43 995).
Accounting for ethnic variations in diagnostic criteria values
for sarcopenia, participants in this study were limited to those
of White European descent by excluding 29 781 non-White par-
ticipants. Among 428 224 cancer-free participants, we excluded
those without data of sarcopenia-defining parameters (n =
4395) and complete dietary information (n = 39 883), leaving
361 763 adults in the final analyses (Fig. S1†).

Outcome ascertainment

The focal outcomes of this study were the incidence and mor-
tality of lung cancer. Data pertaining to lung cancer registration
and death were procured through record linkage with the
National Health Service (NHS) digital and NHS Central Register.
Additionally, data on hospital admissions were linked to the
Health Episode Statistics and Scottish Morbidity Records.

Individuals with self-reported or diagnosed cancer either
prior to or on the day of UK Biobank biological sampling were
treated as having baseline cancer. Incident cancer cases refer
to those diagnosed subsequent to this initial assessment.
Participants were prospectively monitored from the date of
attendance at the recruitment assessment center until the
occurrence of lung cancer diagnosis, date of death, or the last
follow-up date (30 September 2021 for England, 31 July 2021
for Scotland, and 28 February 2018 for Wales), whichever came
first. The type of lung cancer was defined as the International
Classification of Diseases, ninth revision (ICD-9) 162, and
tenth revision (ICD-10) C34, as well as self-reported data fields
1001, 1027, and 1028.

Assessment of sarcopenia

Three sarcopenic thresholds, defined by the European
Working Group of Sarcopenia in Older People 2 (EWGSOP2)
standard,1 and now the most extensively utilized globally, were
as follows: (1) probable sarcopenia (low handgrip strength), (2)
sarcopenia (low handgrip strength and muscle mass), and (3)
severe sarcopenia (low handgrip strength, low muscle mass
and slow gait speed) (Table S1†).

Handgrip strength was measured utilizing a Jamar
J00105 hydraulic hand dynamometer by a trained research
nurse. One measurement was conducted for each arm, with
participants seated in an upright position, maintaining a 90°
elbow flexion, and situating the forearm on armrests in a mid-
prone position. The average of the right and left values was
derived and expressed in absolute units (kg). The cut-off
points applied to define low hand grip were <27 kg in men
and <16 kg in women.1
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Muscle mass was assessed by appendicular lean mass
(ALM) estimated from bioelectrical impedance analysis (BIA) –
derived predicted mass (Tanita BC418MA, Tokyo, Japan). ALM
was expressed relative to height2 (m2) using standing height
measured with a SECA 2020 height measuring stadiometer.
The cut-off points applied to define low muscle mass were
<7 kg m−2 in men and <5.5 kg m−2 in women.1

The UK Biobank lacks an objective measure of gait speed as
per the specifications outlined in the EWGSOP2. Consequently,
self-reported walking pace was employed as a surrogate for gait
speed, categorized into three levels: slow, average, or brisk. A
previous investigation demonstrated that self-reported walking
pace is a reliable indicator of walking speed.15 As a surrogate
marker of gait speed, the walking pace was then dichotomized
as slow or normal (average or brisk pace).

Due to the small numbers of individuals with sarcopenia
(n = 632) and severe sarcopenia (n = 129), the main exposure
variables in our study were the aforementioned three sarcope-
nia symptoms: low handgrip strength, low muscle mass and
slow walking pace.

Assessment of dietary intake and dietary patterns

Dietary data on fresh fruits, dried fruits, raw vegetables,
cooked vegetables, processed meats, oily fish, non-oily fish,
lamb, pork, poultry, beef, cheese, whole grain bread, other
bread, grain cereal, other cereal, tea, coffee and water were col-
lected using the Food Frequency Questionnaire (FFQ) in the
UK Biobank (category 100052). Details about the coding of
intake for each food are shown in Table S2.†

Dietary patterns were discerned by standardizing the con-
sumption frequencies of aforementioned 19 food items, which
were subsequently incorporated into a principal component
analysis (PCA) with varimax rotation. The scree plot, eigen-
value (>1.5) and interpretability were used to determine the
retention factor16 (Fig. S2†). Rotated factor loadings with an
absolute value ≥0.30 were considered to exert a substantial
influence on the identified dietary pattern. A greater factor
loading symbolized a more robust association between specific
food items and the discerned dietary patterns.17 Ultimately,
based on the characteristics of food items exhibiting high
factor loadings, major dietary patterns were identified.

Covariates

The covariates in our analysis were selected based on both
theoretical and empirical considerations, by referring to rele-
vant literature and previous studies, as well as by using a
Directed Acyclic Graph (DAG) (Fig. S3†), to ensure that the
model adjusted for potential confounding factors that could
impact the associations being tested. Age, sex, family history of
cancer and lifestyle factors (alcohol consumption frequency,
smoking status, physical activity, and sleep duration) were self-
reported at the baseline assessment. The family history of
cancer refers to the participant’s father, mother or siblings
who suffered from lung cancer, bowel cancer, breast cancer
and prostate cancer. The Townsend deprivation index func-
tioned as a metric for assessing socioeconomic status, where

high scores denoted great levels of socioeconomic depri-
vation.18 Alcohol consumption frequency was categorized into
six groups (daily or almost daily, three or four times a week,
once or twice a week, one to three times a month, special
occasions only, and never). Smoking status was classified as
current smoker, former smoker, and non-smoker. Physical
activity was divided into three groups (low, moderate, vigorous)
according to the guidelines of 75 min of vigorous activity per
week or 150 min of moderate activity. Total sleep duration was
recorded as the number of reported hours of sleep within a
24 hour period, including naps. Body mass index (BMI) was
calculated from weight and height (kilogram per square
meter) and classified as <18.5, 18.5–24.9, 25–29.9, and ≥30 kg
m−2. The long-term conditions were originally formulated for
an extensive cross-sectional study conducted in Scotland and
were subsequently modified for application in the UK
Biobank.19 Detailed definitions can be found in Table S3.† The
number of long-term conditions was divided into six groups
(0, 1, 2, 3, 4, ≥5).

Statistical analyses

Descriptive characteristics are expressed as median (inter quar-
tile range) for quantitative variables, and as counts (percen-
tage) for categorical variables. Nonparametric tests were used
for continuous variables and chi-square tests were used for cat-
egorical variables.

We tested the proportional hazards assumption based on
Schoenfeld residuals and no statistically significant deviations
were observed. Cox proportional hazards models were used to
examine overall, age-stratified and sex-stratified hazard ratios
(HRs) and 95% confidence intervals (CIs) for the associations
of three sarcopenia symptoms with lung cancer incidence and
mortality. The normal control group (individuals with the
three sarcopenia-defining parameters in the normal range
defined by the EWGSOP2 criteria) was treated as the reference
group.

The continuous dietary pattern scores were subsequently
categorized into quartiles. We used the Cox proportional
hazards model to assess associations of dietary patterns with
risks of lung cancer incidence and mortality. Then chi-square
tests and multivariate logistic regression models were
employed to investigate the correlation between dietary pat-
terns and sarcopenia symptoms. Eventually, the joint effects of
sarcopenia symptoms and dietary patterns on lung cancer inci-
dence and mortality were also taken into consideration.
Throughout, our analyses, the minimally-adjusted model was
adjusted for age, sex and Townsend deprivation index; the
fully-adjusted model was adjusted for covariates included in
the minimally adjusted model plus BMI, alcohol frequency,
smoking status, family history of cancer, no. of long-term con-
ditions, physical activity and sleep duration.

Secondary and sensitivity analyses were conducted. Firstly,
we respectively explored the relationships of sarcopenia symp-
toms and dietary patterns with the incidence of lung cancer
subtypes, including lung adenocarcinoma (LUAD), lung squa-
mous cell carcinoma (LSCC), and small cell lung cancer
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(SCLC). Secondly, the associations of the above exposure vari-
ables with lung cancer risks were analyzed independently stra-
tified by subgroups. The interaction test was used to examine
the statistical significance of the difference between sub-
groups. Finally, in order to mitigate the risk of potential
reverse causation, the primary analyses were reperformed after
excluding participants who either developed lung cancer or
died within a 2-year period from the baseline (n = 361 422).

SAS version 9.4 (SAS Institute, USA) and R software (The R
Foundation, https://www.r-project.org, version 4.0.2) were used
for all analyses. For two-sided P values, a threshold of less
than 0.05 was deemed statistically significant.

Results
Characteristics of the study population

After excluding participants who did not meet the inclusion
criteria, we included a total of 361 763 participants in the final
analysis, among which 0.2% (n = 632) suffered from sarcope-

nia at the baseline. The prevalence of low handgrip strength,
low muscle mass and slow walking pace was 7.4% (n = 26 811),
1.3% (n = 4734) and 6.3% (n = 22 932), respectively, in the
general population, and increased with age irrespective of
gender (Fig. S4†). In detail, low handgrip strength, low muscle
mass and slow walking pace accounted for 4.9%, 0.9% and
4.9% of people aged <60 while 10.9%, 1.9% and 8.4% of
people aged ≥60 respectively.

The baseline characteristics of participants by sarcopenia
symptoms are shown in Table 1. Briefly, compared with the
normal control group, those with sarcopenia symptoms were
more likely to be older, more deprived, less educated, current
smokers, physically inactive, have a lower income, more long-
term conditions and family history of cancer.

Overall age-stratified and sex-stratified lung cancer risk by
sarcopenia symptoms

After a median follow-up of 12 years, 3532 incident cases and
2073 deaths from lung cancer occurred. We assessed the

Table 1 Baseline characteristics of 361 763 participants in UK Biobank by sarcopenia symptomsa

Sarcopenia symptoms

Normal control group Low handgrip strength Low muscle mass Slow walking pace

Number of participants, n (%) 313 462 (86.6) 26 811 (7.4) 4734 (1.3) 22 932 (6.3)
Age, median (IQR), years 57.0 (49.0, 62.0) 61.0 (56.0, 65.0) 61.0 (56.0, 66.0) 60.0 (54.0, 65.0)
Men, n (%) 148 227 (47.3) 9511 (35.5) 3423 (72.3) 10 257 (44.7)
Townsend deprivation index, median (IQR) −2.4 (−3.8, −0.1) −1.9 (−3.5, 1.0) −2.0 (−3.7, 0.9) −1.3 (−3.2, 2.0)
Education, n (%)
College or university 112 291 (35.8) 6610 (24.7) 1769 (37.4) 4621 (20.2)
Vocational 35 674 (11.4) 3151 (11.8) 581 (12.3) 2893 (12.6)
Upper secondary 38 261 (12.2) 2701 (10.1) 518 (10.9) 2125 (9.3)
Lower secondary 85 748 (27.4) 7273 (27.1) 986 (20.8) 6054 (26.4)
Others 39 813 (12.7) 6837 (25.5) 852 (18.0) 7025 (30.6)
Unknown 1675 (0.5) 239 (0.9) 28 (0.6) 214 (1.0)

Household income, n (%), £
<18 000 47 837 (15.3) 7959 (29.7) 1223 (25.8) 8476 (37.0)
18 000–30 999 68 341 (21.8) 6305 (23.5) 1223 (25.8) 5073 (22.1)
31 000–51 999 78 569 (25.1) 4691 (17.5) 944 (19.9) 3599 (15.7)
52 000–100 000 66 332 (21.2) 2752 (10.3) 620 (13.1) 1849 (8.1)
>100 000 18 068 (5.8) 609 (2.3) 150 (3.2) 362 (1.6)
Unknown 34 315 (11.0) 4495 (16.8) 574 (12.1) 3573 (15.6)

BMI, median (IQR), kg m−2 26.5 (24.1, 29.4) 27.1 (24.3, 30.7) 20.3 (19.1, 21.6) 30.7 (26.9, 35.0)
Alcohol frequency, n (%)
Daily or almost daily 69 828 (22.3) 4801 (17.8) 1456 (30.7) 3722 (16.2)
3 or 4 times a week 81 054 (25.9) 5191 (19.2) 1068 (22.5) 3611 (15.8)
1 or 2 times a week 83 745 (26.7) 6817 (25.3) 964 (20.3) 5378 (23.5)
1 to 3 times a month 34 422 (11.0) 3138 (11.6) 409 (8.6) 2894 (12.6)
Special occasions only 28 286 (9.0) 4111 (15.2) 490 (10.3) 4239 (18.5)
Never 16 037 (5.1) 2899 (10.8) 358 (7.5) 3067 (13.4)

Current smokers, n (%) 29 311 (9.4) 2706 (10.1) 932 (19.7) 3901 (17.0)
Physical activity, n (%)
Vigorous 178 917 (57.1) 12 705 (47.4) 2478 (52.3) 7155 (31.2)
Moderate 38 235 (12.2) 3096 (11.6) 582 (12.3) 2436 (10.6)
Low 96 310 (30.7) 11 010 (41.1) 1674 (35.4) 13 341 (58.2)

Family history of cancer, n (%) 114 362 (36.5) 10 400 (38.8) 1809 (38.2) 8984 (39.2)
No. of long-term conditions, n (%)
None 129 620 (41.4) 6262 (23.4) 1899 (40.1) 2808 (12.2)
One 105 267 (33.6) 8106 (30.2) 1570 (33.2) 5664 (24.7)
Two or more 78 575(25.1) 12 443 (46.4) 1265 (26.7) 14 460 (63.1)

Abbreviation: BMI, body mass index; IQR, inter quartile range. aData were expressed as median (IQR) or number of participants (proportion).
Nonparametric tests were used for continuous variables and chi-square tests were used for categorical variables, all P value <0.05.
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associations between sarcopenia symptoms and lung cancer-
related outcomes using three separate models, with individ-
uals lacking all three sarcopenia symptoms serving as the
reference group (Fig. 1A, B and Table S4†). In the minimally-
adjusted model, low handgrip strength, low muscle mass and
slow walking pace were independently associated with 1.28-,
2.05- and 2.20-fold risk of lung cancer incidence, as well as
1.16-, 2.06- and 2.20-fold risk of lung cancer mortality, respect-
ively, in contrast to the normal control group. In the fully-
adjusted model, the associations of low handgrip strength
(HR: 1.11, 95% CI: 1.00–1.24), low muscle mass (HR: 1.51,
95%CI: 1.23–1.85) and slow walking pace (HR: 1.49, 95%CI:
1.34–1.65) with lung cancer incidence, although attenuated,
remained significant. Similarly, a higher risk of lung cancer
mortality was observed in low muscle mass (HR: 1.48, 95% CI:
1.14–1.92) and slow walking pace individuals (HR: 1.54, 95%
CI: 1.35–1.75).

Age-stratified and sex-stratified associations of sarcopenia
symptoms with the risk of lung cancer-related outcomes are
shown in Fig. 1C, D and Tables S5–S8,† respectively. We found
significant interactions between sarcopenia symptoms and age
groups on lung cancer risk (Pinteraction < 0.05), but not the sex
group. Sarcopenia symptoms contributed more to an augmen-
ted risk of lung cancer incidence in participants under 60
years old than in those aged 60 and over. Furthermore, low
handgrip strength (HR: 1.61, 95% CI: 1.21–2.15) was observed
to be significantly associated with elevated risks of lung cancer
mortality only in younger individuals.

PCA-derived dietary patterns and lung cancer risk

Three primary dietary patterns were discerned through PCA
and were designated as the prudent pattern, western pattern,
and wholegrain pattern (Fig. 2 and Table S9†). These three
dietary patterns accounted for 29.4% of the total variance in
the frequency of consumption of 19 food groups. The prudent
pattern was positively loaded by the consumption of cooked or
salad raw vegetables, fresh or dried fruits, oily or non-oily fish,
and water. The western pattern exhibited a diet high in pro-
cessed meat, poultry, beef, lamb/mutton, and pork. The whole-
grain pattern was characterized by a high consumption of
whole grain bread and grain cereal, coupled with a low intake
of other bread and cereal.

Subsequently, we assessed the links between dietary pat-
terns derived using PCA and the hazards of lung cancer inci-
dence and mortality (Table 2). Dose-dependent relationships
of the prudent pattern and wholegrain pattern scores with
decreased risk of lung cancer incidence and mortality were
observed, while the western pattern showed the opposite effect
(all Ptrend < 0.05). In the fully-adjusted model, the highest quar-
tile (Q4) of both the prudent pattern (HR: 0.85, 95% CI:
0.77–0.93) and wholegrain pattern (HR: 0.71, 95% CI:
0.65–0.79) demonstrated a lower risk of lung cancer incidence,
respectively, when compared to the lowest quartile (Q1). In
contrast, the risk of lung cancer incidence was significantly
elevated in participants with the Q4 level of the western
pattern score compared to those with the Q1 level (HR: 1.27,

Fig. 1 Associations between sarcopenia symptoms and the risk of lung cancer incidence (A and C) and mortality (B and D). The cox proportional
hazards regression models were performed. The minimally-adjusted model was adjusted for age (age-stratified analysis not adjusted), sex and
Townsend deprivation index. The fully-adjusted model was adjusted for covariates included in minimally-adjusted model plus body mass index,
alcohol frequency, smoking status, family history of cancer, no. of long-term conditions, physical activity and sleep duration. Abbreviations: CI,
confidence interval; HR, hazard ratio.
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95% CI: 1.15–1.40). Similarly, the greatest adherence to either
the prudent (HR: 0.84, 95% CI: 0.74–0.95) or wholegrain (HR:
0.68, 95% CI: 0.60–0.77) pattern was autonomously associated
with a decreased risk of lung cancer mortality. Whereas, the
highest quartile of the western pattern (HR: 1.37, 95% CI:

1.20–1.55) was associated with a higher mortality risk of lung
cancer than the lowest quartile. It was noteworthy that the
wholegrain consumption pattern led to a greater reduction in
the risks of lung cancer. Associations between carbohydrate
types, which exhibited high factor loadings on the wholegrain

Fig. 2 Factor loadings for PCA-derived dietary patterns. (A) Prudent pattern was positively loaded by the consumption of cooked vegetables, salad
raw vegetables, fresh fruit, dried fruit, oily fish, non-oily fish and water. (B) Western pattern was positively loaded by the consumption of processed
meat, poultry, beef, lamb/mutton and pork. (C) Wholegrain pattern was positively loaded by the consumption of whole grain bread and grain cereal.
Abbreviations: PCA, principal component analysis.

Table 2 Associations between dietary patterns and the risk of lung cancer incidence and mortality

Dietary
pattern

Lung cancer
cases/person-
years

Minimally-adjusted
model Fully-adjusted model Lung cancer

deaths/person-
years

Minimally-adjusted
model Fully-adjusted model

HR (95% CI) Ptrend HR (95% CI) Ptrend HR (95% CI) Ptrend HR (95% CI) Ptrend

Prudent pattern
Q1 1069/1 105 238 Ref. <0.0001 Ref. 0.0001 656/1 125 392 Ref. <0.0001 Ref. 0.0001
Q2 861/1 107 925 0.78(0.71–0.86) 0.93(0.85–1.02) 511/1 127 711 0.77(0.68–0.86) 0.94(0.83–1.05)
Q3 798/1 110 339 0.69(0.63–0.76) 0.86(0.78–0.95) 445/1 129 984 0.64(0.57–0.72) 0.82(0.73–0.93)
Q4 804/1 109 343 0.67(0.61–0.73) 0.85(0.77–0.93) 461 1 129 071 0.63(0.56–0.72) 0.84(0.74–0.95)

Per 1 SD
increase

0.85(0.82–0.88) 0.94(0.91–0.97) 0.84(0.80–0.88) 0.94(0.90–0.98)

Western pattern
Q1 726/1 111 979 Ref. <0.0001 Ref. <0.0001 399/1 132 412 Ref. <0.0001 Ref. <0.0001
Q2 802/1 108 573 1.08(0.98–1.20) 1.06(0.96–1.17) 460/1 129 109 1.13(0.99–1.29) 1.09(0.96–1.25)
Q3 870/1 107 773 1.17(1.06–1.29) 1.10(1.00–1.22) 517/1 127 473 1.25(1.10–1.43) 1.17(1.02–1.33)
Q4 1134 1 104 520 1.45(1.32–1.60) 1.27(1.15–1.40) 697/1 123 164 1.60(1.41–1.81) 1.37(1.20–1.55)

Per 1 SD
increase

1.16(1.12–1.19) 1.10(1.06–1.13) 1.18(1.14–1.23) 1.11(1.07–1.16)

Wholegrain pattern
Q1 1145/1 102 808 Ref. <0.0001 Ref. <0.0001 712/1 123 816 Ref. <0.0001 Ref. <0.0001
Q2 1002/1 106 847 0.92(0.84–1.00) 0.94(0.86–1.02) 589/1 126 780 0.88(0.79–0.98) 0.90(0.81–1.00)
Q3 750/1 110 977 0.68(0.62–0.74) 0.80(0.73–0.88) 415/1 130 443 0.61(0.54–0.69) 0.74(0.66–0.84)
Q4 635/1 112 213 0.53(0.48–0.58) 0.71(0.65–0.79) 357/1 131 120 0.48(0.43–0.55) 0.68(0.60–0.77)

Per 1 SD
increase

0.80(0.78–0.83) 0.89(0.86–0.92) 0.77(0.74–0.81) 0.87(0.83–0.90)

The cox proportional hazards regression was performed to examine the associations between dietary patterns and the risk of lung cancer
incidence and mortality. Minimally-adjusted model was adjusted for age (continuous), sex (men, women) and Townsend deprivation index (in
quintiles). Fully-adjusted model was adjusted for covariates included in minimally-adjusted model plus body mass index (<18.5, 18.5–24.9,
25–29.9, or ≥30 kg m−2), alcohol frequency (daily or almost daily, 3 or 4 times a week, 1 or 2 times a week, 1 to 3 times a month, special occasions
only, never, or unknown), smoking status (never, former, current, or unknown), family history of cancer (yes, no, or unknown), no. of long-term
conditions (0, 1, 2, 3, 4, ≥5), physical activity (vigorous, moderate, low). Abbreviations: CI, confidence interval; HR, hazard ratio; Q, quartile; Ref,
reference; SD, standard deviation.
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pattern, and the risks of lung cancer were also calculated
(Table S10†). The results showed that whole grains (whole-
grain bread and grain cereal) were linked to lower risks of lung
cancer incidence and mortality.

The combined effect of PCA-derived dietary patterns and
sarcopenia symptoms on lung cancer incidence and mortality

The relationships between sarcopenia symptoms and dietary
patterns were calculated (Fig. S5 and Table S11†). Briefly, our
study indicated that the prudent and wholegrain patterns
exhibited negative associations with sarcopenia symptoms,
while the western pattern displayed a positive association. We
calculated additional correlations between carbohydrate types
and the risk of sarcopenia symptoms. As shown in Table S12,†
the results further suggested that consumption of whole grains
was negatively correlated with sarcopenia symptoms, while con-
sumption of refined grains showed a positive correlation.

Besides, we explored the joint effect of PCA-derived dietary
patterns and low handgrip strength on lung cancer incidence
(Fig. 3A–C) and mortality (Fig. 3D–F). Of note, the risk of lung
cancer incidence and mortality gradually decreased as the
quartile of wholegrain pattern scores increased, while it pro-
gressively increased as the quartile of the western pattern
scores increased (all Ptrend < 0.05). Compared to low handgrip
strength with wholegrain pattern Q1 level, low handgrip
strength with the Q4 level exhibited a 28.6% (95% CI:
0.53–0.96) reduction in incidence risk and a 40.9% (95% CI:
0.39–0.90) reduction in mortality risk. However, compared to
the normal control group with the western pattern Q1 level,
there was an increased risk of 1.35(95% CI: 1.11–1.65) and 1.45
times (95% CI: 1.12–1.87), respectively, for lung cancer inci-
dence and mortality in low handgrip strength ones with the
Q4 level. The combined effects of low muscle mass and slow
walking pace with dietary patterns were similar to low hand-

Fig. 3 The combined effects of low handgrip strength and PCA-derived dietary patterns on lung cancer incidence (A, B and C) and mortality (D, E
and F). The cox proportional hazards regression models were adjusted for age, sex, Townsend deprivation index, body mass index, alcohol fre-
quency, smoking status, family history of cancer, no. of long-term conditions, physical activity and sleep duration. Abbreviations: CI, confidence
interval; HR, hazard ratio; PCA, principal component analysis; Q, quartile.
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grip strength (Fig. S6 and S7†). Specifically, we discovered that
low muscle mass combined with the Q4 level of the wholegrain
pattern was associated with a 72% and 62% reduction in the
risk of lung cancer incidence and mortality, respectively, com-
pared to low muscle mass with the Q1 level.

Secondary and sensitivity analyses

In secondary analyses, sarcopenia symptoms were found to be
risk factors for non-small cell lung cancer (NSCLC), specifically
LSCC (Table S13†). However, the results regarding the relation-
ships between dietary patterns and incident lung cancer sub-
types were similar (Table S14†).

In stratified analyses, the associations of sarcopenia symp-
toms with lung cancer incidence and mortality risk remained
persistent in most subgroups (Tables S15 and S16†). Taking
the normal control group as the reference, low handgrip
strength was linked to an enhanced risk of cancer incidence
among current smokers (Pinteraction = 0.01). Notably, slow
walking pace was related to risk elevation especially in higher
Townsend deprivation index groups and participants with
lower BMI (Pinteraction < 0.05). The effects of dietary patterns on
lung cancer risk were generally similar across subgroups
(Tables S17 and S18†). Finally, sensitivity analyses were per-
formed by excluding participants who developed lung cancer
or died within two years of follow-up and produced consistent
results (n = 361 422) (Table S19†).

Discussion

In this large-scale population-based prospective cohort study,
approximately 7.4%, 1.3% and 6.3% of participants suffered
from low handgrip strength, low muscle mass and slow
walking pace, respectively. Our findings indicated that individ-
uals with these sarcopenia symptoms carried a significantly
higher risk of lung cancer incidence and mortality with an
age-specific pattern. In particular, slow walking pace had a
greater impact on lung cancer incidence and mortality. We
further observed that both the prudent and wholegrain pat-
terns were negatively linked to the risk of lung cancer-related
outcomes in a dose-dependent manner, in contrast to the
western pattern. Furthermore, our study discovered that the
wholegrain pattern improved lung cancer-related outcomes
associated with low handgrip strength.

The prevalence of sarcopenia varies widely in different
studies because a single diagnostic criterion has not yet been
established. Several attempts to standardize the operational
diagnostic criterion and cut-off points for sarcopenia have
been proposed, most of which have used combinations of
measuring muscle mass, muscle strength, and walking pace
speed. However, within these definitions, the cut-off values
applied differ due to study populations or applied measure-
ments (i.e., BIA or dual-energy X-ray absorptiometry [DXA]),
which lead to a wide range of prevalence of sarcopenia in the
majority of meta-analyses.20 The current EWGSOP2 rec-
ommendations are based on European populations.1

Additionally, in Stuck et al.’s review, the authors tested the pre-
dictive validity of 10 sarcopenia definitions, including those
defined by the Sarcopenia Definition and Outcome
Consortium (SDOC), EWGSOP2, and others, for 13 different
clinical outcomes.21 Although the review did not identify
which definition had the strongest predictive validity, the
EWGSOP2 definition was the most widely applied, with predic-
tive validity tested in 11 studies covering all 13 outcomes. In
contrast, the SDOC definition was only investigated in one
study on fractures in men. Therefore, we herein adopted the
EWGSOP2 criteria for the definition of sarcopenia. What’s
more, one study compared the prevalence of sarcopenia using
twelve different definitions in a large, multinational European
population of community-dwelling older adults. It reported
that the prevalence of sarcopenia using the EWGSOP2 criteria
was 0.7%,22 which closely aligns with our findings.

Inflammatory pathways and insulin resistance played a key
role in angiogenesis, cell proliferation, and apoptosis suppres-
sion during the development of lung cancer.23 The role of sar-
copenia in lung carcinogenesis has not been fully elucidated,
but studies suggested they may share similar pathophysiologi-
cal mechanisms. Increased visceral fat is one of the body com-
position changes associated with sarcopenia.24 Abnormal
accumulation of visceral fat activates inflammatory pathways
that produce pro-inflammatory cytokines, which play a key role
in angiogenesis, promotion of cell proliferation, and inhibition
of apoptosis during lung cancer development.9 Chronic low-
grade inflammation also contributes to the diminishment of
muscle mass, strength and functionality, which is the key attri-
butes of sarcopenia.25 On the other hand, reduction in skeletal
muscle mass can lower insulin-mediated glucose uptake in
myocytes, leading to insulin resistance,26 which can elevate
insulin-like growth factor and then promote the development
of lung cancer.10 Consequently, sarcopenia symptoms could
constitute independent risk factors for lung cancer.

As yet, a vast majority of studies aim to systematically
review the prognostic value of sarcopenia and its symptoms in
lung cancer patients, especially in older patients. Only a
limited number of studies have assessed the link between sar-
copenia and the risk of lung cancer incidence and mortality in
the general population. A long-term cohort study using physi-
cal examination data from the National Health Insurance
Research Database (NHIRD) showed that patients with sarco-
penia had a significantly higher risk of lung cancer compared
with the non-sarcopenia group.27 This study applied the pro-
pensity score matched (PSM) method, which eliminated bias
between the two groups and led to more reliable results.
Correspondingly, our findings suggested that sarcopenia symp-
toms were associated with higher risk of lung cancer incidence
(mainly LSCC). In particular, slow walking pace exhibited a
more risky effect on lung cancer-related outcomes. Various
research showed that walking pace may be a more effective
indicator of sarcopenia severity and its risk to health,28–30

which were consistent with our findings. Hence, considering
the convenient and quick detection method of walking pace,
definitions and diagnoses for sarcopenia relying on reduced
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walking pace may be more meaningful in clinical practice and
research.

Furthermore, age differences were also observed in the
links between sarcopenia symptoms and lung cancer inci-
dence and mortality, with a more evident association amongst
individuals aged <60 than their older counterparts. Although
sarcopenia symptoms are common in the elderly, its screening
and improvement in the younger population is also critical to
prevent lung cancer-related outcomes.

Dietary pattern analysis takes into account the interaction
between nutrients and food, which are closer to real-world
data, providing the most direct evidence for disease prevention
and the revision of dietary guidelines. In particular, posterior
dietary patterns, derived from all available dietary data in the
study population using statistical techniques, may better
reflect the usual diet of the population. Of these techniques,
PCA has been most often used in the nutritional epidemiology
literature.31 In accordance with previous studies,32–37 our find-
ings supported that the Prudent dietary pattern was negatively
associated with lung cancer risk, whereas the western dietary
pattern demonstrated the opposite effect. Interestingly, our
findings also demonstrated a stronger correlation of whole-
grain dietary pattern with the reduced incidence and mortality
risks of lung cancer. To date, there is a dearth of data connect-
ing whole grains to the risk of lung cancer. The National
Institutes of Health-American Association of Retired Persons
(NIH-AARP) Diet and Health Study indicated an inverse
relationship between whole grains and incidence of lung
cancer,38 which is consistent with our findings. One case-
control study among Polish adults found that whole grains
help to reduce insulin-like growth factors and insulin resis-
tance, which are both also related to lung cancer risk.37

Additionally, in Roager et al.’s randomized cross-over trial, the
whole grain diet, compared with the refined grain diet,
decreased serum inflammatory markers, interleukin-6 and
C-reactive protein. This reduction in systemic low-grade
inflammation may help decrease the risk of lung cancer.39

Furthermore, given whole grains are a good source of fiber,
animal studies have shown that the composition of the lung
microbiota can be altered by dietary fermentable fiber to
reshape the immune environment, which may be helpful for
lung cancer prevention.40 Even so, the exact mechanism needs
to be further explored in detail.

The present cross-sectional analysis revealed that dietary
patterns were correlated with sarcopenia symptoms, with par-
ticularly strong negative associations between the wholegrain
pattern and sarcopenia symptoms. Furthermore, we found that
the lung cancer risk was decreased by about 30% by the com-
bined impacts of the wholegrain pattern and low handgrip
strength. Whole grains refer to the whole, powdered, fragmen-
ted or pressed pieces of cereal glume whose proportion of
endosperm, germ and bran is substantially the same as in the
intact glume. In contrast to refined grains, whole grains
contain unique bioactive components like dietary fiber,
β-glucan, phenolics, carotenoids, tocotrienol and γ-oryzanol.41

Importantly, growing evidence demonstrates that bioactive

substances derived from whole grains could enhance myogen-
esis, muscle mass and metabolic function.41 To be specific,
gut microbiota can produce short-chain fatty acids (SCFAs)
through fiber fermentation, which may have a protective effect
against lung cancer42 and sarcopenia symptoms.43 An observa-
tional study involving older adult men found higher levels of
SCFAs in individuals with greater muscle mass, better physical
function, and higher dietary fiber density (grams of fiber con-
sumed per 100 calories).44 Additionally, γ-oryzanol supplemen-
tation has been evidenced to improve grip strength in aged
mice, possibly by promoting the formation of slow-twitch
muscle fibers.41 Moreover, epidemiological assessments using
the National Health and Nutrition Examination Survey data-
base indicated that whole grain intake was associated with
greater walking pace.45 It may be because whole grains con-
sumption favorably enhances protein turnover and promotes
net protein balance in adults.45 Thus, increasing whole grains
may help the efforts to improve sarcopenia symptoms to better
avert adverse outcomes. More prospective data are warranted
to confirm these findings in the future.

This study has some strengths. The prospective study
design and the substantial sample size constitute the principal
strengths of this study. Furthermore, to the best of our knowl-
edge, this represented the first longitudinal study to compre-
hensively examine the correlations between sarcopenia symp-
toms, PCA-derived dietary patterns and lung cancer-related
outcomes within the general population. Nonetheless, several
limitations also need to be considered. Firstly, the primary
exposure variables in our analysis were sarcopenia symptoms,
due to a few cases of sarcopenia and severe sarcopenia.
Secondly, walking pace and dietary data were self-reported at
the baseline and may be prone to recall bias. Additionally,
handgrip strength and ALM were measured only once at
baseline, which may result in exposure misclassification and
measurement errors. Thirdly, we used only the baseline data
for sarcopenia symptoms and dietary intake, and did not
track dynamic changes during the follow-up period, which
may limit the interpretation of our results. Fourthly, we
cannot estimate total energy intake because the FFQ only
covered some commonly consumed foods, which do not rep-
resent the full range of dietary intake, and therefore, total
energy intake was not adjusted. Fifthly, caution should be
exercised in generalizing our findings to other racial or
ethnic groups, as the participants were all White.
Furthermore, despite extensive adjustments for potential
confounders considered in our study, the possibility of
residual confounding by either unmeasured or unknown
confounders cannot be completely excluded.

Conclusions

Our findings indicated that all three sarcopenia symptoms,
especially slow walking pace, might serve as significant risk
factors for lung cancer in the general population even those
under 60 years. Individuals with high adherence to a Prudent
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or wholegrain pattern were more likely to be free of sarcopenia
and have a lower risk of lung cancer-related outcomes.
Additionally, the lung cancer risk associated with low handgrip
strength gradually decreased with the increase in the quartile
of wholegrain pattern scores. Thus, assessment of sarcopenia
symptoms may be important for lung cancer prevention in the
general population, particularly younger individuals.
Furthermore, adopting a dietary pattern rich in whole grains
could be a novel approach to improve low handgrip strength
and adverse lung cancer-related outcomes.
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