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Abstract

Background Handgrip strength (HGS) is associated with poor clinical outcomes, including all‐cause, non‐cardiovascular, and
cardiovascular mortalities. The published cut‐off points for HGS are mostly based on community populations from Western
countries, lacking information on cancer patients from China. The objective of this study was to establish sex‐specific cut‐
off points for Chinese cancer patients and investigate the effect of low HGS on cancer mortality.
Methods We did a retrospective cohort study of patients who were diagnosed with malignant cancer from June 2012 to De-
cember 2018. HGS was measured using a hand dynamometer in 8257 cancer patients. Optimal stratification was used to solve
threshold points. The hazard ratio (HR) of all cancer mortality and cancer‐specific mortality was calculated using Cox propor-
tional hazard regression models.
Results Among all participants, there were 3902 (47.3%) women and 4355 (52.7%) men. The median age was 58 years old.
The cut‐off points of HGS to best classify patients with respect to time to mortality were <16.1 kg for women and <22 kg for
men. Low HGS was associated with overall cancer mortality in both women and men [HR = 1.339, 95% confidence interval
(CI) = 1.170–1.531, P < 0.001; HR = 1.346, 95% CI = 1.176–1.540, P < 0.001, respectively]. For specific cancer types, low
HGS was associated with breast cancer (HR = 1.593, 95% CI = 1.230–2.063, P < 0.001) in women, and lung cancer
(HR = 1.369, 95% CI = 1.005–1.866, P = 0.047) and colorectal cancer (HR = 1.399, 95% CI = 1.007–1.944, P = 0.045) in men.
Conclusions On the basis of our sex‐specific cut‐off points, low HGS was strongly associated with cancer mortalities. These
results indicate the usefulness of HGS measurement in routine clinical practice for improving patient assessments, cancer prog-
nosis, and intervention.
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Introduction

Handgrip strength (HGS) is the force involving the movement
of fingers and wrist and the use of the forearm muscles. Gen-
erally, HGS declines with increasing age at a rate of approxi-
mately 1% annually after midlife.1 However, a sex‐specific

difference in HGS is apparent, where men have higher HGS
than women on average levels and have faster HGS
decline.2,3 The HGS of cancer patients was different from that
of the healthy populations. Cancer accelerates the decline
process owing to its chronic consumptive characteristics for
resulting syndromes or diseases such as fatigue, cancer
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cachexia, and sarcopenia.4–6 Recently, HGS was recom-
mended to be a criterion in the definition of cancer cachexia.7

More strikingly, HGS replaced the muscle mass as the primary
criterion to define sarcopenia.8 However, most HGS cut‐off
points were from Western research studies based on healthy
populations.9–11 Thus, whether the cut‐off points of low HGS
for normal populations can be applied to cancer patients re-
mains unclear. Therefore, establishing sex‐specific cut‐off
points for Chinese cancer patients is warranted.

HGS is positively associated with overall body strength,12

and negatively associated with all‐cause,13 non‐
cardiovascular,14 and cardiovascular mortalities.14–16

Addition of HGS enhanced the predictive capability of an
established office‐based risk scoring system for all‐cause
and cardiovascular mortalities.17 Its prognostic value, sim-
plicity, accessibility, and low cost makes HGS an ideal tool
to detect physical status in clinical practice. However, the
impacts of HGS on cancer patients remain controversial.17–
19 A study with 420 727 cases from the UK biobank showed
that low HGS was inversely related with the survival out-
comes of colorectal cancer in men and breast cancer in
women, but no significant association was found with lung
cancer in both men and women.17 Conversely, an existing
evidence suggested that HGS was associated with cancer
mortality only in men but not in women with a 24 years
follow‐up.19 By contrast, another study indicated that no
significant difference between HGS and cancer‐related
death in men before 55 years old was found.20 However,
these data were based on community residents, and data
on patients with different cancer types are insufficient to
prove the predictive ability of HGS for stratifying mortality
risks.

The purpose of this study was to establish sex‐specific cut‐
off points of low HGS based on Chinese cancer populations
according to time to cancer mortality. In addition, we
assessed hazard risks of low HGS for overall cancer mortality
and cancer‐specific mortality stratified by sex, aiming to in-
vestigate whether the impacts of low HGS differs among var-
ious cancer types.

Patients and methods

We did a retrospective cohort study of patients who were
pathologically diagnosed with malignant cancer and were ad-
mitted specifically for cancer treatments (including surgery,
chemotherapy, radiotherapy and other anti‐cancer therapy)
were included in this study from June 2012 to December
2018 in multicenter. Patients with multiple hospitalizations
were regarded as one case and the data on the first survey
were analysed. No special selection criteria were imposed
for cancer types or demographic characteristics except for ex-
cluding patients whose HGS could not be measured or those

who refused to participate in the study. All patients were reg-
ularly followed up by telephone interviews or outpatient
visits. This study was approved by the Ethics Committee
and the Institutional Review Boards of all participating
institutions.

All data were collected by trained personnel once
patients were hospitalized. For each patient enrolled in this
study, the following data were collected: age, sex, height,
weight, smoking history, alcohol drinking, tea drinking, body
mass index (BMI), haemoglobin concentration, serum
albumin concentration, nutritional risk screening 2002 (NRS
2002) scores, Karnofsky performance scores (KPS),
patient‐generated subjective global assessment (PG‐SGA)
score, physical activity, intake status, weight loss, mid‐arm
circumference (MAC), triceps skinfold thickness (TSF),
maximum calf girth, HGS, cancer types, tumour‐node‐
metastasis stage, previous treatments (surgery, chemother-
apy, and radiotherapy), types of chemotherapy (curative,
neoadjuvant, adjuvant, maintenance, and palliative
chemotherapy), comorbidities (diabetes mellitus,
hypertension, coronary heart disease, cirrhosis, chronic
hepatitis, chronic obstructive pulmonary disease, and
stroke), total length of hospital stay, hospitalization costs,
and quality of life (QoL). Physical activity was divided into
three degrees as follows: low was defined as bedridden,
moderate wasdefined as limited activity, and normal was
defined as normal and unlimited activity. Intake status was
divided into four degrees as follows: fasting was defined
as medical fasting, low was defined as cannot eat by
mouth at all, moderate was defined as partial eating
restrictions, and normal was defined as fully independent
food intake.

Handgrip strength was measured using a hand dynamom-
eter (Jamar Hand Dynamometer, IL, USA). Patients were
seated comfortably at an upright position with their shoulder
adducted and neutrally rotated, posed their elbow flexed at
90° as well as the forearm and wrist in a neutral position.21

Patients held the dynamometer with their dominant hand
at maximum strength. Tests were performed three consecu-
tive times with a 1 min rest after each set.22 The maximal
hand strength was recorded.

Quality of life was assessed using the European Organiza-
tion for Research and Treatment of Cancer Quality of Life
Questionnaire (EORTC QLQ‐C30 Version 3.0), which including
five functional scales (physical, role, social, emotional, and
cognitive function), a global QoL scale, three symptom scales
(fatigue, pain, and nausea & vomiting), and six single items
(dyspnoea, insomnia, appetite loss, constipation, diarrhoea,
and financial impact).23 Summary score was calculated
by = [physical functioning + role functioning + social
functioning + emotional functioning + cognitive
functioning + (100�fatigue) + (100�pain) + (100�nausea &
vomiting) + (100�dyspnea) + (100�insomnia) + (100�appetite
loss) + (100�constipation) + (100�diarrhoea)]/13.24

Handgrip strength in cancer patients 1477

Journal of Cachexia, Sarcopenia and Muscle 2020; 11: 1476–1486
DOI: 10.1002/jcsm.12614



Statistical analyses

In terms of baseline characteristics, the normality of continu-
ous variables was checked using the Kolmogorov–Smirnov
test. Continuous variables with normal distribution were
analysed using the Student t‐test and were presented as
mean and standard deviation (SD), while continuous variables
with non‐normal distribution were analysed using the Mann–
Whitney U test and were presented as median and interquar-
tile range. Categorical data were analysed using the Pearson
χ²‐squared test or Fisher exact test. Spearman correlation
analysis was performed for correlation analysis, and linear as-
sociations were tested using a linear regression analysis.

Optimal stratification was used to solve the threshold points
of the continuous covariates by using of the log‐rank statistics
as reported in a previous study.25 Briefly, we used the log‐rank
statistics to find the best cut‐off points to best stratify patients
with or without low HGS with respect to time to mortality.
Cut‐off points for HGS associated with overall survival were
<16.1 kg for women and <22 kg for men based on our calcu-
lation. Cut‐off points obtained with this method were then
used to classify patients as low HGS and normal HGS group.

Cox proportional hazard models were used to investigate
the association between potential predictors and mortality.
The results are shown as hazard ratios (HRs) together with
95% confidence intervals. The proportional hazards assump-
tion was verified for all variables by inspecting Kaplan–Meier
curves or locally weighted scatterplot smoothing plot of the
Schoenfeld residual for covariates. A total of four incremental
models with increasing numbers of varieties were created.
Model 0 was unadjusted. Model 1 was adjusted for age, gen-
der, BMI, albumin, haemoglobin, weight loss, KPS, NRS 2002,
PG‐SGA scores, physical activity, intake status, MAC, TSF, max-
imum calf girth, smoking, alcohol drinking, and tea drinking.
Model 2 was adjusted for Model 1 plus previous treatments,
types of chemotherapy, and cancer stages. Model 3 was ad-
justed for Model 2 plus cancer types, QoL, and comorbidities.

To test if these relationships varied in age and sex, we firstly
investigated potential age and sex interactions by including in-
teraction terms as low HGS × age and low HGS × sex in the fi-
nal model. Significant interactions (P < 0.05) indicated that
the association between low HGS and mortality was depen-
dent on the age or sex distribution. Thus, analysis was per-
formed at specific strata. Finally, we found a trend of
statistical significance (P = 0.060) between sex and low HGS.
Therefore, we stratified all subsequent analyses by sex.

Two sensitivity analyses were performed as follows: one
analysis excluded patients who died within 3 months to re-
duce the potential impact of reverse causation. Besides,
sex‐specific HGS/BMI cut‐off points were calculated in the
other analysis to compare results with those at low HGS, in
accordance with the suggestion of the Foundation for the Na-
tional Institutes of Health to adjustment for BMI.26 Cut‐off

points for low HGS/BMI ratio were <0.997 for women and
<1.102 for men based on our calculation. All data were
analysed using SPSS statistical Version 23.0 (IBM, Armonk,
NY, USA).

Results

Of the 8651 patients recruited in our study, 8257 (95.4%) pa-
tients had data on HGS. As a result, a total of 3902 women
and 4355 men were included in the analyses. The
sex‐specific cut‐off points for HGS associated with overall sur-
vival were<16.1 kg for women and<22 kg for men. In accor-
dance with these cut‐off points, 2123 patients were
diagnosed as low HGS. The comparison of the patients’ de-
mographic and clinicopathological characteristics between
low and normal HGS groups is presented in Table 1. Low
HGS was associated with old age, female, increased weight
loss, higher NRS 2002 scores and tumour‐node‐metastasis
stages, reduced physical activity and food intake, and lower
height, weight, BMI, haemoglobin concentration, serum albu-
min concentration, KPS, MAC, TSF, and maximum calf girth.
Previous alcohol drinking, tea drinking, and smoking history
were associated with low HGS. More proportion of patents
with low HGS underwent surgical treatment, and more pro-
portion of patents with normal HGS received curative chemo-
therapy and radiotherapy. The presence of comorbid
disorders including diabetes, hypertension, coronary heart
disease, chronic obstructive pulmonary disease, and stroke
was related with low HGS. HGS showed significant relation-
ships with various nutritional indices including age, height,
weight, BMI, albumin concentration, haemoglobin concentra-
tion, KPS, PG‐SGA, NRS 2002, MAC, TSF, and maximum calf
girth (supporting information, Table S1), and all items of
QoL (Table 2, supporting information, Table S2), although
the strength of the correlation seems not strong enough.
We further performed linear regression analysis to determine
regression coefficients (slopes) of HGS on nutritional indices
(supporting information, Table S3, Figure 1). The slopes for
men were generally stronger than those for women. Patients
with colorectal cancer, gastric cancer, breast cancer, cervical
cancer, and ovarian cancer were more likely to have low
HGS (Table 1). The HGS values between different cancer
types were heterogeneous (Figure 2). For men, patients with
oesophageal cancer (mean 27.5 kg) had the lowest mean HGS
values, those with gastric cancer (29.1 kg) had the second
lowest HGS, and those with nasopharyngeal cancer
(34.4 kg) had the highest HGS. For women, patients with he-
patic cancer (17.9 kg) have the lowest mean HGS values,
those with gastric cancer (18.2 kg) had the second lowest
HGS, and those with nasopharyngeal cancer (22.6 kg) had
the highest HGS. Patients with low HGS had similar total
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Table 1 Patient characteristics stratified by sex‐specific cut‐off points of handgrip strength

Characteristic
Total

(n = 8257)
Low grip strength

(n = 2123)
Normal grip strength

(n = 6134) P values

Socio‐demographics
Age, median (IQR), year 58 (16) 61 (16) 56 (16) <0.001
Gender <0.001
Female 3902 (47.3) 1237 (58.3) 2665 (43.4)
Male 4355 (52.7) 886 (41.7) 3469 (56.6)

Height, median (IQR), cm 162 (11) 160 (10) 163 (12) <0.001
Weight, median (IQR), kg 59.9 (15) 55 (13) 60 (14) <0.001
Smoking history <0.001
Yes 3274 (39.7) 691 (32.5) 2583 (42.1)
No 4983 (60.3) 1442 (67.5) 3551 (57.9)

Alcohol drinking <0.001
Yes 1521 (18.4) 282 (13.3) 1239 (20.2)
No 6736 (81.6) 1841 (86.7) 4895 (79.8)

Tea drinking
Yes 2120 (25.7) 450 (21.2) 1670 (27.2) <0.001
No 6137 (74.3) 1673 (78.8) 4464 (72.8)

Nutritional indices
BMI, median (IQR), kg/m2 22.5 (4.6) 21.5 (4.8) 22.8 (4.3) <0.001
Haemoglobin 125 (26) 118 (28) 127 (25) <0.001
Serum albumin 39.2 (6.8) 37.6 (7.9) 39.7 (6.4) <0.001
NRS 2002 scores <0.001
<3 5732 (69.4) 1211 (57.0) 4521 (73.7)
≥3 2525(30.6) 912 (43.0) 1613 (26.3)

PG‐SGA <0.001
0–1 1946 (23.6) 241 (11.4) 1705 (27.8)
2–3 1281 (15.5) 273 (12.9) 1008 (16.4)
4–8 1393 (16.9) 351 (16.5) 1042 (17.0)
≥9 3637 (44.0) 1258 (59.2) 2379 (38.8)

KPS, median (IQR), scores 90 (10) 90 (10) 90 (0) <0.001
Physical activity <0.001
Low 201 (2.4) 127 (6.0) 76 (1.2)
Moderate 1332 (16.2) 581 (27.4) 747 (12.2)
Normal 6724 (81.4) 1415 (66.6) 5311 (86.6)

Intake status <0.001
Fasting 190 (2.3) 91 (4.3) 99 (1.6)
Low 98 (1.2) 54 (2.5) 44 (0.7)
Moderate 1718 (20.8) 645 (30.4) 1073 (17.5)
Normal 6251 (75.7) 1333 (62.8) 4918 (80.2)

Weight loss <0.001
0–1.9% 5390 (65.3) 1181 (55.6) 4209 (68.6)
2–2.9% 569 (6.9) 171 (8.1) 398 (6.5)
3–4.9% 821 (9.9) 228 (10.7) 593 (9.7)
5–9.9% 1029 (12.5) 358 (16.9) 671 (10.9)
≥10% 448 (5.4) 185 (8.7) 263 (4.3)

MAC, median (IQR), cm 26.5 (4.8) 25.2 (4.5) 27 (4) <0.001
TSF, median (IQR), mm 16.5 (10.5) 15 (12) 18 (11) <0.001
Maximum calf girth, median (IQR), mm 33 (4.5) 31.8 (4.8) 33.5 (4.5) <0.001
Tumour indices
Nasopharyngeal cancer 769 (9.3) 69 (3.3) 700 (11.4) <0.001
Lung cancer 1706 (20.7) 381 (17.9) 1325 (21.6) <0.001
Breast cancer 1218 (14.8) 354 (16.7) 864 (14.1) 0.004
Colorectal cancer 1665 (20.2) 459 (21.6) 1206 (19.7) 0.052
Gastric cancer 995 (12.1) 315 (14.8) 680 (11.1) <0001
Hepatic cancer 331 (4.0) 64 (3.0) 267 (4.4) 0.007
Esophageal cancer 517 (6.3) 138 (6.5) 379 (6.2) 0.598
Cervical cancer 410 (5.0) 132 (6.2) 278 (4.5) 0.002
Ovarian cancer 215 (2.6) 73 (3.4) 142 (2.3) 0.005
Others 431 (5.2) 138 (6.5) 293 (4.8) 0.001
TNM stages 0.001
0 89 (1.1) 37 (1.7) 52 (0.8)
I 1017 (12.3) 257 (12.1) 760 (12.4)
II 1923 (23.3) 506 (23.8) 1417 (23.1)
III 2860 (34.6) 687 (32.4) 2173 (35.4)
IV 2401 (29.0) 661 (30.7) 1740 (28.4)

Previous treatments

(Continues)
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lengths of hospital stay and hospitalization costs with those in
the normal HGS group.

Table 3 showed the HRs of low HGS for overall cancer mor-
tality stratified by sex and age. The association between low
HGS and cancer mortality was attenuated by increasing age.
The HRs in the final model were, respectively, 1.337 (1.107–
1.615), 1.324 (1.062–1.652), and 1.965 (0.887–4.352) in pa-
tients aged <60, between 60 and 75 years, and ≥75 years
old for women and 1.487 (1.156–1.912), 1.298 (1.074–
1.568), and 1.065 (0.716–1.585) for men. Further analysis of
the relationship between low HGS and specific cancer types
stratified by sex is summarized in Figure 3 and Table 4. When
only low HGS was considered, cancer mortality in patients

with low HGS was significant in overall cancer, lung cancer,
colorectal cancer, gastric cancer, oesophageal cancer for both
women and men and was significant in breast cancer for
women and hepatic cancer for men (Figure 3). In the final
model, low HGS was associated with breast cancer mortality
for women and was associated with lung cancer and colorec-
tal cancer mortalities for men (Table 4).

Risk factors of cancer mortality were determined using uni-
variate and multivariate Cox proportional hazards regression
analyses. Factors with P value < 0.1 were shown in the
supporting information, Table S4. In the univariate analysis,
poor conditions of most baseline characteristics were associ-
ated with reduced survival time. In the multivariate analysis,

Table 1 (continued)

Characteristic
Total

(n = 8257)
Low grip strength

(n = 2123)
Normal grip strength

(n = 6134) P values

Surgery 5262 (63.7) 1427 (67.2) 3835 (62.5) <0.001
Chemotherapy 3736 (45.2) 938 (44.2) 2798 (45.6) 0.253
Curative chemotherapy 1201 (14.5) 277 (13.0) 924 (15.1) 0.023
Neoadjuvant chemotherapy 368 (4.5) 96 (4.5) 272 (4.4) 0.866
Adjuvant chemotherapy 1838 (22.3) 474 (22.3) 1364 (22.2) 0.931
Maintenance chemotherapy 76 (0.9) 25 (1.2) 51 (0.8) 0.150
Palliative chemotherapy 521 (6.3) 121 (5.7) 400 (6.5) 0.180

Radiotherapy 1737 (21.0) 352 (16.6) 1385 (22.6) <0.001
Comorbidity
Diabetes mellitus 624 (7.6) 192 (9.0) 432(7.0) 0.003
Hypertension 1373 (16.6) 414 (19.5) 959 (15.6) <0.001
Coronary heart disease 323 (3.9) 114 (5.4) 209 (3.4) <0.001
Cirrhosis 120 (1.5) 22 (1.0) 98 (1.6) 0.062
Chronic hepatitis 419 (5.1) 96 (4.5) 323 (5.3) 0.178
COPD 67 (0.8) 28 (1.3) 39 (0.6) 0.002
Stroke 57 (0.7) 27 (1.3) 30 (0.5) <0.001
Total hospital stay, median (IQR), days 12 (12) 12 (12) 12 (12) 0.962
Hospitalization costs, median (IQR), yuan 20 721 (32 659) 20 819 (34 506) 20 715 (31 743) 0.446

Data are represented as median (interquartile range) or number (%).
BMI, body mass index; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; KPS, Karnofsky performance scores; MAC,
mid‐arm circumference; NRS 2002, nutrition risk screening 2002; PG‐SGA, patient‐generated subjective nutrition assessment; TNM,
tumour‐lymph node‐metastasis; TSF, triceps fold thickness.

Table 2 Quality of life (QoL) stratified by sex‐specific cut‐off points of handgrip strength

Characteristic Total (n = 8257) Low grip strength (n = 2123) Normal grip strength (n = 6134) P values

Physical function 93.3 (20.0) 86.7 (26.7) 93.3 (13.3) <0.001
Role function 100.0 (33.3) 66.7 (33.3) 100 (33.3) <0.001
Social function 66.7 (33.3) 66.7 (33.3) 83.3 (33.3) <0.001
Emotional function 91.7 (16.7) 91.7 (25.0) 100 (16.7) <0.001
Cognitive function 100.0 (16.7) 83.3 (33.3) 100 (16.7) <0.001
Global QoL 66.7 (33.3) 58.3 (16.7) 66.7 (33.3) <0.001
Fatigue 11.1 (33.3) 22.2 (33.3) 11.1 (33.3) <0.001
Nausea & vomiting 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) <0.001
Pain 0.0 (16.7) 0.0 (33.3) 0.0 (16.7) <0.001
Dyspnoea 0.0 (0.0) 0.0 (33.3) 0.0 (0.0) <0.001
Insomnia 0.0 (33.3) 33.3 (33.3) 0.0 (33.3) <0.001
Appetite loss 0.0 (33.3) 0.0 (33.3) 0.0 (0.0) <0.001
Constipation 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) <0.001
Diarrhoea 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.005
Financial impact 33.3 (33.3) 33.3 (66.7) 33.3 (33.3) <0.001
Summary score 90.5 (14.0) 85.6 (18.5) 91.8 (12.2) <0.001

Data are represented as median (interquartile range).
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age, PG‐SGA, NRS 2002, TSF, MAC, weight loss, low HGS, im-
paired intake status, metastasis, radiotherapy, and dyspnoea
remained independent factors of cancer mortality. Using
those risk factors, we performed ROC curve analyses with
and without low HGS to predict 1 and 3 years cancer mortal-
ities (supporting information, Tables S5 and S6). A difference
of 0.025 from reference was considered a better
discrimination.27 We found that adding low HGS enhanced
the predictive ability of 1 year mortality for gastric cancer
and oesophageal cancer in women and colorectal cancer
and hepatic cancer in men.

The sensitivity analysis yielded similar results as the main
analysis (supporting information, Tables S7, S8, and S9).

Discussion

In the present study, we calculated our own sex‐specific HGS
cut‐off points for Chinese cancer patients as <16.1 kg for
women and <22 kg for men based on our large national sam-
ple. Using these cut‐off points, we found that low HGS was
strongly associated with overall mortality in cancer patients
regardless of sex. The associations observed in specific can-
cers were inconsistent across sexes, which were significant
in breast cancer for women and were significant in lung can-
cer and colorectal cancer for men when nutritional indices
were considered. Moreover, we found that low HGS en-
hanced the predictive ability for 1 year mortality in gastric

Figure 1 Linear associations between handgrip strength and nutritional indices with 95% confidence intervals. BMI, body mass index; KPS, Karnofsky
performance scores; MAC, mid‐arm circumference; NRS 2002, nutrition risk screening 2002; PG‐SGA, patient‐generated subjective global assessment.
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cancer and oesophageal cancer for women and colorectal
cancer and hepatic cancer for men.

Malnutrition is prevalent in cancer patients and is an inde-
pendent determinant of HGS.28 Cut‐off points of low HGS for
cancer patients in our study (women < 16.1 kg and
men < 22 kg) were much lower than those for community
residents in other Western or Asian studies.9,10,29 It was also
lower than cut‐off points for defining sarcopenia in European
Working Group on Sarcopenia in Older People guidelines.8,30

Although cut‐off point of low HGS for women in the latest Eu-
ropean Working Group on Sarcopenia in Older People

guideline was similar to that of our study, the cut‐off point
for men was higher than us.8 The relatively high cut‐off points
may diminish the impact of sarcopenia on clinical outcomes
in cancer patients.

Poor nutritional status is a negative predictor of cancer
mortality. HGS significantly correlated with nutritional indices
such as BMI, PG‐SGA, MAC, and TSF in previous studies,31–33

and it was a useful indicator to distinguish patients with
chronic malnutrition from those who were underweight and
had similar low BMI but were not undernourished.34 In our
study, patients with low HGS were shown correlated with
poorer QoL, higher NRS 2002 scores and weight loss, lower
BMI, haemoglobin concentration, serum albumin concentra-
tion, KPS, MAC, TSF, and maximum calf girth. After adjust-
ment for nutritional indices in the Cox proportional hazard
models, we found that low HGS remained a hazard factor
for cancer mortality. Consistent with our study, a prospective
cohort study involving 8677 men showed that HGS was in-
versely associated with cancer mortality, independent of
BMI, percent body fat, waist circumference, and cardiorespi-
ratory fitness.35

Current studies seldom focused on the impacts of low HGS
on cancer mortality. HGS was an excellent predictor of func-
tional decline in patients with breast cancer.36 In oesophageal
cancer, low HGS had high predictive value for morbidity and
surgical mortality.37 Consistent with our study, Kilgour et al.38

reported a shorter survival for patients whose HGS values
were within the lowest 10th percentile of HGS values in ad-
vanced non‐small lung cancer and gastrointestinal cancer.
However, they did not show concrete cut‐off points and
enough information such as nutritional indices or

Figure 2 Handgrip strength in different cancer types stratified by sex.

Table 3 Hazard risk for all cancer mortality in patients with low handgrip strength stratified by sex and age

Mortality HR 95% CI P values Mortality HR 95% CI P values

Women Men

<60 <60
Model 0 1.441 1.212 to 1.715 <0.001a Model 0 2.381 1.920 to 2.952 <0.001a

Model 1 1.279 1.066 to 1.536 0.008a Model 1 1.596 1.256 to 2.028 <0.001a

Model 2 1.335 1.109 to 1.608 0.002a Model 2 1.506 1.180 to 1.922 0.001a

Model 3 1.337 1.107 to 1.615 0.003a Model 3 1.487 1.156 to 1.912 0.002a

60–75 60–75
Model 0 1.408 1.155 to 1.716 <0.001a Model 0 1.681 1.429 to 1.978 <0.001a

Model 1 1.372 1.114 to 1.691 0.003a Model 1 1.319 1.104 to 1.576 0.002a

Model 2 1.340 1.086 to 1.654 0.006a Model 2 1.339 1.117 to 1.607 0.002a

Model 3 1.324 1.062 to 1.652 0.013a Model 3 1.298 1.074 to 1.568 0.007a

≥75 ≥75
Model 0 1.400 0.856 to 2.291 0.180 Model 0 1.455 1.084 to 1.952 0.012a

Model 1 1.270 0.725 to 2.225 0.403 Model 1 1.039 0.739 to 1.463 0.824
Model 2 1.606 0.889 to 2.901 0.116 Model 2 1.113 0.783 to 1.582 0.551
Model 3 1.965 0.887 to 4.352 0.096 Model 3 1.065 0.716 to 1.585 0.755

CI, confidence interval; HR, hazard ratio.
Model 0 was unadjusted. Model 1 was adjusted for age, gender, body mass index, albumin, haemoglobin, weight loss, Karnofsky perfor-
mance scores, nutritional risk screening 2002, patient‐generated subjective global assessment scores, physical activity, intake status,
mid‐arm circumference, triceps skinfold thickness, maximum calf girth, smoking, alcohol drinking, and tea drinking. Model 2 was adjusted
for Model 1 plus previous treatments, types of chemotherapy, and cancer stages. Model 3 was adjusted for Model 2 plus cancer types,
quality of life, and comorbidities.
aData reach statistical significance.
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sex‐stratified analysis. Celis‐Morales et al.17 conducted a
large‐scale prospective cohort that included half a million par-
ticipants and showed that every 5 kg decrease in HGS was as-
sociated with a higher mortality hazard for colorectal cancer
and lung cancer in both women and men, and for breast can-
cer in women. But strangely, when applied sex‐specific cut‐
off points to define low HGS (<16 kg for women and
<26 kg for men), the association diminished as low HGS
was not associated with lung cancer mortality in both women
and men and not associated with colorectal cancer mortality
in women.17 Unfortunately, they were unable to show data
on more cancer types. In our study, we included more cancer
types from multicentre and found that low HGS was associ-
ated with breast cancer mortality in women and was associ-
ated with lung cancer and colorectal cancer mortalities in
men. Low HGS also showed a trend to statistically significant
association in men patients with gastric cancer.

Low HGS seems to have a different impact on cancer mor-
tality in men. Gynaecological cancer was reported have no as-
sociation with HGS.39 A study with 24 years follow‐up
reported a 19% decrease in cancer mortality with per stan-
dard deviation increase in HGS in men but not in women19

when nutritional indices were considered. However, the
study did not list cancer types. Regrettably, we could not find
the exact reasons for these differences in associations with
sex in the present study. HGS is influenced by multiple

Figure 3 Kaplan–Meier curves of overall survival in different cancer types stratified by sex.

Table 4 Hazard risk for all cancer mortality and cancer specific mortality
in patients with low handgrip strength stratified by sex

Mortality HRb 95% CI P values

Overall
Women 1.339 1.170 to 1.531 <0.001a

Men 1.346 1.176 to 1.540 <0.001a

Specific tumour types
Nasopharyngeal cancer
Women 1.000 0.180 to 5.553 1.000
Men 0.839 0.354 to 1.989 0.690

Lung cancer
Women 1.254 0.820 to 1.918 0.296
Men 1.369 1.005 to 1.866 0.047a

Colorectal cancer
Women 1.341 0.921 to 1.953 0.125
Men 1.399 1.007 to 1.944 0.045a

Gastric cancer
Women 1.000 0.642 to 1.558 1.000
Men 1.285 0.969 to 1.705 0.082

Hepatic cancer
Women 0.681 0.011 to 40.984 0.854
Men 1.428 0.532 to 3.836 0.479

Esophageal cancer
Women 0.992 0.110 to 7.731 0.941
Men 1.200 0.804 to 1.792 0.372

Breast cancer 1.593 1.230 to 2.063 <0.001a

Cervical cancer 1.506 0.877 to 2.585 0.138
Ovarian cancer 1.074 0.434 to 2.658 0.878

CI, confidence interval; HR, hazard ratio.
aData reach statistical significance.
bHRs are adjusted for Model 3.
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factors, including health status, inactive lifestyles, and
socio‐economic conditions.40 A sex‐specific difference was
found in the factors associated with HGS performance.3 The
HGS values of women are more likely to be influenced by
stress, smoking, and dementia, while those of men are more
likely to be influenced by chronic diseases, marital status,
mean arterial pressure, and physical activity at work. This in-
dicates that HGS values in two sexes are a reflection of the
combination of different factors. Moreover, women have
generally weaker HGS and slower decline in HGS than men,
indicating that the HGS value of women may not change as
significantly as that of men. Thus, low HGS in women may
have fewer impacts.

Interestingly, we found no strong association between low
HGS and overall cancer mortality in patients aged >75 years
old. Consistent with our study, the Health ABC study found
no association between the HGS tertiles and survival in older
patients with malignancy.41 Celis‐Morales et al.17 had a simi-
lar finding that the HRs for all cancer mortality were higher in
younger population in both women and men. We speculated
that the age‐related decline in HGS concealed the
cancer‐related HGS decline in older patients.

The clinical impacts of muscle strength have been well
studied in non‐malignant diseases, such as diabetes42 and
cardiovascular diseases.43–46 Patients with higher muscle
strength have significant lower risk of type 2 diabetes.42 In
addition, the incidence of sudden cardiac death decreases
by 69% for those with middle third of muscle strength com-
pared with the lower third of muscle strength.43 Lower inci-
dence of heart failure is also observed in patients with
higher handgrip strength.44 However, there is a paucity of
previous studies to systematically analyse the impacts of
HGS on various cancer types. Our study extended previous
evidence by reporting the findings that the HGS had varied
impacts on different age, gender, and cancer type stratifica-
tion. Chronic reduced oxygen delivery leads to metabolic al-
terations and muscle fibre changes while acute imbalance
of oxygen supply and demand at the onset of activity lead
to skeletal muscle fatigue and reduced cardiorespiratory fit-
ness in patients with heart failure.45 However, exact mecha-
nism of cancer‐related muscle dysfunction is remained
unclear, which may involve a wide range of behavioural‐
related, tumour‐related, and therapy‐related factors.5 Our re-
sults are supported by interventional research that resistance
exercise is found to be strongly associated with lower risk of
overall mortality.46 Further studies are warrant to examine
the impacts of resistance exercise on cancer patients.

Although this is a multicentre observational study involving
more than eight thousand cancer patients, it has some limita-
tions. First, although the posture and method of HGS mea-
surement were referred from the American Society of Hand
Therapists,21 no official consensus has been reached on the
protocol for HGS measurement.47 Second, patients whose
HGS could not be measured because of coma, paralysis, or

limited mobility may have a higher risk of low HGS, and ex-
cluding them can induce bias in our study. Furthermore,
some unmeasured or measured confounders could have an
effect on the results in our analyses.

In conclusion, we firstly established sex‐specific cut‐off
points for Chinese cancer patients. Low HGS adversely affects
overall cancer mortality in both women and men. In specific
cancer types, the effects of low HGS on cancer mortality varied
between sexes. In women, low HGSwas associatedwith breast
cancer mortality. In men, it was associated with lung cancer
and colorectal cancer mortalities. Our study is a new step to re-
veal the relationship between low HGS and mortality in differ-
ent cancer types. These results indicate the usefulness of HGS
measurement in routine clinical practice for improving patient
assessments, cancer prognosis, and intervention. Further
studies are imperative to investigate effects of interventions
such as resistance exercise for patients with low HGS and dis-
tinguish patients who can acquire the greatest benefits.
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