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Abstract

Background Little is understood about the association between psychosomatic symptoms and advanced cancer
among older Chinese patients.

Methods This secondary analysis was part of a multicenter cross-sectional study based on an electronic patient-
reported outcome platform. Patients with advanced cancer were included between August 2019 and December 2020
in China. Participants (over 60 years) completed the MD Anderson Symptom Inventory (MDASI) and Hospital Anxiety
and Depression Scale (HADS) to measure symptom burden. Network analysis was also conducted to investigate the
network structure, centrality indices (strength, closeness, and betweenness) and network stability.

Results A total of 1022 patients with a mean age of 66 (60-88) years were included; 727 (71.1%) were males, and
295 (28.9%) were females. A total of 64.9% of older patients with advanced cancer had one or more symptoms, and
up to 80% had anxiety and depression. The generated network indicated that the physical symptoms, anxiety and
depression symptom communities were well connected with each other. Based on an evaluation of the centrality
indices, distress/feeling upset’ (MDASI 5) appears to be a structurally important node in all three networks, and 'l lost
interest in my own appearance’ (HADS-D4) had the lowest centrality indices. The network stability was relatively high
(>0.7).

Conclusion The symptom burden remains high in older patients with advanced cancer in China. Psychosomatic
symptoms are highly interactive and often present as comorbidities. This network can be used to provide targeted
interventions to optimize symptom management in older patients with advanced cancer in China.

Trial registration Chinese Clinical Trial Registry (ChiCTR1900024957), registered on 06/12/2020.
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Introduction

In 2022, approximately 55.8% of cancer patients in
China were older than 60 years of age (older people),
and these patients accounted for more than 68.2% of
cancer-related deaths [1]. Due to population aging
and increases in life expectancy, the cancer burden
among older people has been increasing, thus impos-
ing a considerable burden on the Chinese health care
system [2]. Moreover, most older cancer patients,
especially those in the advanced stage, suffer from a
high prevalence of frailty, declines in functional sta-
tus and malnutrition, and a high rate of comorbidity
[3, 4]. Older cancer patients are prone to cooccurring
psychosomatic symptoms; these interrelated and syn-
ergistic symptoms are called symptom clusters [5].
Symptom clusters are closely related to cancer progno-
sis and quality of life [6]. Therefore, the cancer burden
in older patients is of greater concern. However, older
patients are underrepresented in existing cancer clini-
cal trials and treatment guidelines, resulting in a lack
of clinical evidence for symptom management in this
population.

With the development of information technology
and the innovation of real-world research concepts,
recent advances in network analysis have provided
a novel approach to deeply understanding the com-
plex nature of symptom clusters [7]. Symptom net-
work analysis can enable collective characterization
of patients’ symptoms and quantify and visualize the
correlation between different symptoms; this approach
has been widely used in psychosocial oncology in
recent years [8—10]. Given that cancer patients pres-
ent with multiple symptoms, greater attention is war-
ranted to understand how various symptoms can
interact to improve individualized geriatric cancer
management models and intervention strategies.

Previous studies have focused on the single aspect
of physical [11] or psychological [12] symptom burden
while ignoring their interaction. Furthermore, few rel-
evant studies have used network analysis to focus on
the symptom burden of older patients with advanced
cancer in China. To this end, this study used a network
analysis approach to gain insights into the complex
nature of cooccurring symptoms, explore the interre-
lationships between the burdens of physical and psy-
chological symptoms and identify core symptoms in
Chinese geriatric advanced cancer patients using net-
work analysis.

Methods

Study participants

This secondary analysis was part of a multicenter
cross-sectional study based on an electronic patient-
reported outcome platform [13]. The study was con-
ducted between August 2019 and December 2020
in 10 diverse geographical and economic provinces
and municipalities in China. The study process was
described in detail in our previous publications [14,
15]. The inclusion criteria for the present study were
as follows: (1) age=60 years; and (2) diagnosed with
advanced stage lung, colorectal, gastric, liver, breast,
or esophageal cancer [16]. We excluded patients with
cognitive impairment and those who were unwilling
or unable to fill out electronic questionnaires on their
tablets or smartphone.

Measurements

(1) The MD Anderson Symptom Inventory (MDASI)
[17] is a validated assessment tool that measures 13
core symptoms in terms of severity. Respondents
answer questions about aspects of daily life in the last
24 h on numeric rating scale ranging from 0-10-points,
with higher scores indicating worse symptoms. Scores
of 5-6 were considered to indicate moderate symp-
toms, and scores of 7-10 were considered to indicate
severe symptoms. In this study, the severity of symp-
tom burden was assessed by the total number of items
rated as “moderate to severe” (MS). (2) The Hospital
Anxiety and Depression Scale (HADS) [18] anxiety
subscale (HADS-A) and depression subscale (HADS-
D) were administered. Each subscale contains 7 items
each that are scored on a 0-3 point scale, with higher
scores indicating higher anxiety or depression lev-
els. The scores of each subscale were categorized as
follows: 0—7 indicate no depression or anxiety; 8—10
indicated mild depression or anxiety; 11-14 indicated
moderate depression or anxiety; and 15-21 indicated
severe depression or anxiety. The Chinese versions of
the MDASI and HADS have satisfactory psychometric
properties and were used in this study [19, 20].

Statistical analysis

Descriptive statistical analysis was performed for
demographic distribution and cancer characteristics
of patients using SPSS 22.0. Continuous variables were
expressed as the median or mean, standard deviation
(SD), while categorical variables were expressed as
percentages (%). Network analysis was conducted with
the R ‘bootnet’ (version 1.4.3) [21] and ‘qgraph’ (ver-
sion 1.6.9) [22] packages. First, we used the graphical
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Table 1 Baseline characteristics of the participants included in
the study
Participant Characteristics

Overall (n=1022)

Age (years) 66 [60-88]
Sex (n, %)
Female 295 (28.9)
Male 727 (71.1)
Education (n, %)
No college 904 (88.5)
College and above 118(11.5)
Weight loss within 6 months (n, %)
<5% 706 (69.1)
5-10% 182 (17.8)
10 —20% 68 (6.7)
> 20% 25124
Unclear 41 (4.0)
Performance status, ECOG (n, %)
0 567 (55.5)
1 294 (28.8)
2 111 (10.9)
>3 50 (4.9)
Cancer response evaluation (n, %)
Completely response 24(2.3)
Progressive disease 308 (30.1)
Partial response 172 (16.8)
Stable disease 399 (39.0)
Unclear 119 (11.6)
Cancer types
Lung 274 (26.8)
Colon-rectum 157 (15.4)
Stomach 174 (17.0)
Liver 130 (12.7)
Breast 67 (6.6)
Esophageal 220 (21.5)

ECOG=Eastern Cooperative Oncology Group. Functional status was evaluated
on ascale from 0 to 5.

Lasso based on an extended Bayesian information
criterion option in the ‘ggraph’ package to construct
the network structure. Second, three common node
centrality indices [23], i.e., “strength, closeness, and
betweenness’, were calculated using the centrality plot
function of the ‘ggraph’ package. Third, the ‘bootnet’
package was used to check the sequence invariance of
the nodes on the central index. The stability of the cen-
trality index is quantified by calculating the correlation
stability coefficient, which is required to be above 0.25
and preferably above 0.50 [21]. Finally, a nonparamet-
ric bootstrap procedure was used to assess the accu-
racy of the edge weights based on the 95% confidence
intervals (Cls) determined using the ‘bootnet’ package.
Edge accuracy was assessed by 95% Cls, with a nar-
rower CI indicating a more trustworthy network [21].
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Fig. 1 Symptom burden based on the MD Anderson Symptom Inventory

Results

Participant characteristics

We included 1022 patients with a mean age of 66
(60-88) years in the present study. Specifically,
71.1% (n=727) of the patients were males, and 28.9%
(n=295) were females. Most of the patients reported
not having a college education (88.5%). The major-
ity of patients lost<5% weight, and almost half of the
patients were in relatively good physical condition. In
terms of cancer types, 274 (26.8%) had lung cancer,
157 (15.4%) had colorectal cancer, 174 (17.0%) had gas-
tric cancer, 130 (12.7%) had liver cancer, 67 (6.6%) had
breast cancer, and 220 (21.5%) had esophageal cancer.
For cancer response evaluation, stable disease (39.0%)
made up the largest proportion, followed by progres-
sive disease (30.1%), partial response (16.8%) and com-
plete response (2.3%). The rest of the cancer statuses
were unclear (11.6%). The baseline characteristics of
the participants are included in Table 1.

Descriptive statistics of the measurements

As shown in Figs. 1, 2 and 34.0% of participants had
one or more MS symptoms, 16.6% had more than three
MS symptoms, 9.2% had more than five MS symptoms,
and 5.1% had seven or more MS symptoms. Among the
participants, the prevalences of anxiety and depression
symptom were 95.8% and 83.3%, respectively. Of these,
83.9% had moderate to severe anxiety symptom, but
only 25.9% had moderate to severe depression symp-
tom. The mean (SD) HADS-A and HADS-D scores
were 12.9 (2.6) and 9.4 (2.3), respectively.

Network analysis

(1) Network structure

The network shows the strength of the relationships
between MDASI core symptoms and anxiety and
depression symptoms, as shown in Fig. 3. The edges
between ‘Nausea’ and ‘Vomiting’ (MDASI 3-MDASI
12, edge weight=0.703), ‘Distress/feeling upset’ and
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Fig. 2 The Hospital Anxiety and Depression Scale results
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‘Sadness’ (MDASI 5 - MDASI 11, edge weight=0.696),
and ‘I feel tense or ‘wound up” and ‘I get a sort of
frightened feeling as if something awful is about to
happen’ (HADS-A1-HADS-A2, edge weight=0.601)
had the strongest positive edges within their respec-
tive communities. In addition, ‘Disturbed sleep’ was
the most closely associated physical symptom, with
‘Distress/feeling upset’ (MDASI 4 - MDASI 5, edge
weight=0.548), and ‘Drowsiness’ was the most closely
associated physical symptom with ‘Sadness’ (MDASI 9
- MDASI 11, edge weight=0.512) (Supplementary file
1).

(2) Centrality indices

The strength, closeness, and betweenness centrality z
scores are illustrated in Fig. 4. Overall, ‘Distress/feel-
ing upset’ (MDASI 5) had the highest strength value,
the highest closeness value and the highest between-
ness value. These findings indicate that this symptom
has strong connections to nearby nodes and plays
an important role in the network, and its activation
has the strongest influence on the other nodes in the
network. Moreover, it acts as the bridge connecting
the communities of nodes. ‘I lost interest in my own

O MDASI
© HADS-A
O HADS-D

MDASII: Pain

MDASI2: Fatigue

MDASI3: Nausea

MDASI4: Disturbed sleep

MDASIS: Distress/feeling upset

MDASIG6: Shortness of breath

MDASI7: Difficulty remembering

MDASIS: Lack of appetite

MDASI9: Drowsiness

MDASI10: Dry mouth

MDASII11: Sadness

MDASI12: Vomiting

MDASII13: Numbness/tingling

HADS-AL: I feel tense or “wound up’

HADS-A2: I get a sort of frightened feeling as if something awful is about to happen
HADS-A3: Worrying thoughts go through my mind
HADS-A4: I can sit at ease and feel relaxed

HADS-AS: I feel restless as if I have to be on the move
HADS-AG: I get sudden feelings of panic

HADS-A7: I get a sort of frightened feeling like ‘butterflies’ in my stomach
HADS-D1: I still enjoy the things I used to enjoy

HADS-D2: I can laugh and see the funny side of things
HADS-D3: I feel cheerful

HADS-D4: I have lost interest in my appearance

HADS-D5: I look forward with enjoyment to things
HADS-D6: I feel as if T am slowed down

HADS-D7: I can enjoy a good book or radio or a TV program

Fig. 3 Network analysis of core symptoms, anxiety and depression. The blue lines represent positive associations, the red lines represent negative asso-
ciations, and the thickness of an edge represents the strength of connectedness. The absence of edges between nodes denotes statistical independence.
MDASI: MD Anderson Symptom Inventory; HADS: Hospital Anxiety and Depression Scale
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Fig. 4 Centrality indices of node strength, closeness, and betweenness of the estimated network. The indices are shown as standardized z scores. MDASI:
MD Anderson Symptom Inventory; HADS: Hospital Anxiety and Depression Scale

appearance’ (HADS-D4) had the lowest strength,
closeness, and betweenness values.

(3) Stability of centrality indices

Figure 5 shows the resulting plot of the stability of
centrality indices. As the percentage of the sample
included in the estimates decreases (as illustrated on
the X-axis, the subset samples decrease from 95% of
the original sample to 25% of the sample), there is a
slow decrease in the correlation between the subsam-
ple estimate and the estimate from the original entire
sample. Only when the subset sample is under 30% of
the original sample does the betweenness estimate fall
below 0.7, but the strength and closeness estimates are
still greater than 0.75.

(4) Edge weight accuracy

The bootstrapped Cls for the edge weights are shown
in Fig. 6. Generally, they were relatively small, indicat-
ing that they were reasonably accurate and that many
of them differed significantly from each other. Many of
the edges are estimated as 0. For some edges, the esti-
mates are larger than 0, the CIs do not include zero, or
some edges are larger than 0; however, the Cls contain
0. Given the above pattern of CIs for the edge weights,
the network should be interpreted with caution.

Discussion

In this study, we constructed a network of physical
symptoms, anxiety and depression symptom in older
patients with advanced cancer by utilizing network
analysis to examine data from a multicenter cross-
sectional study in China. The results suggest that the
stability of the centrality indices is reliable; notably,
strength tends to be the most stable estimated cen-
trality index in these networks, followed by close-
ness and betweenness. Overall, the network stability
was relatively high. According to the observed net-
work model, MDASI core symptoms and anxiety and
depression symptoms were strongly correlated, with
the latter two being more closely related. These find-
ings also confirm previous findings [24, 25] that anxi-
ety and depression have a high level of coexistence.
Our study visualized the complex interaction between
anxiety and depression, and the results confirmed that
there is a significant relationship between the burden
of physical symptoms in cancer patients and anxiety
and depression [26, 27]. The majority of older cancer
survivors are more likely to have additional risk fac-
tors for cancer and comorbidities [28]. The results of
this study showed that 64.9% of older patients with
advanced cancer had one or more symptoms, and up
to 80% had anxiety and depression symptoms. These
rates are higher than the overall burden of symptoms
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Fig.5 Stability of central indices. The x-axis indicates the percentage of patients in the original sample included at each step. The y-axis indicates the aver-
age correlation coefficients between the centrality indices from the original network and the centrality indices from the networks that were re-estimated
after excluding increasing percentages of cases. The gray bars surrounding the colored line indicate the width of the bootstrapped Cls.

in patients with advanced cancer that our previous
study revealed [14], indicating that the cancer burden
of the oldest people is much greater than that of the
other people and is worthy of attention. In particu-
lar, largely unaddressed comorbidities associated with
cancer in China are common mental health disorders
that are underrecognized and undertreated [29].

Based on network theory [7, 8], given their high cen-
trality index scores, these symptoms may be targets
for therapeutic interventions. In the whole network,
‘distress/feeling upset’ (MDASI 5) had the strongest
edge connections and was the most important bridg-
ing symptom connecting different syndrome com-
munities. Distress is common in cancer patients and
survivors and may interfere with the ability to cope
effectively with cancer, physical symptoms and treat-
ment. The level of distress of patients varies according
to age, sex, cancer site, treatment setting and disease
progression [30]. Distress screening is recommended
in guidelines and is one of the focuses of psycho-
oncology. Brief screening tools can be used to iden-
tify patients who are experiencing clinically important
cancer-related distress. The most widely used of these
is the Distress thermometer, for which the prevalence

of distress varies between 39% and 60% [31, 32]. A
score of four or more on the Distress Thermometer
is suggested to prompt further review of symptoms of
anxiety or depression [33]. ‘Disturbed sleep’ (MDASI
4) is the most closely associated physical symptom
with ‘distress/feeling upset. The prevalence of sleep
disturbance in older adults with cancer was 40%, and
this symptom was associated with daily living impair-
ment and physical activity limitations [34]. In addi-
tion, people with sleep disturbance are usually prone
to comorbid anxiety and depression [35, 36]. Sleep
hygiene and cognitive behavioral therapy are cur-
rently recommended for patients with sleep problems
[37]. For all three centrality indices, ‘I lost interest in
my appearance’ (HADS-D4) had the lowest scores.
One way to understand these results is that females,
who made up a larger portion of this study (71.1%),
may have less awareness and concern about beauty
and cosmetics [38]. Identifying the driving symptoms
in the symptom cluster is an equally important ques-
tion in cancer symptom management. While our net-
work analysis based on cross-sectional data does not
demonstrate causality, the centrality indices of the net-
work provide some insights into symptom clusters. For
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example, we found strong direct associations between
‘drowsiness’” (MDASI 9), ‘fatigue’ (MDASI 2) and
‘shortness of breath’ (MDASI 6). The nodes are on the
edges of one symptom community network in Fig. 3. If
our findings are confirmed in an independent sample,
future research could explore causality and evaluate
interventions to help clinical workers provide individ-
ualized symptom management strategies.

Several limitations need to be considered. First, this
network reveals only partial correlations and does not
define causal associations. Prospective clinical studies
can be conducted to verify the results of this study in
the future. Second, because the participants had six
various types of cancer, the impact of different cancers
on the burden of symptoms was ignored; for example,
lung cancer patients were more likely to have short-
ness of breath. Third, the strength of certain associa-
tions needs to be understood cautiously because the
CIs of some edges between symptoms are large, sug-
gesting that additional samples are needed to elucidate
the strength of these associations.

Conclusion

The symptom burden remains high in older patients
with advanced cancer in China. In this study, we used
network analysis to explore the associations between
physical symptoms, anxiety, and depression symptoms.

The visualization of interrelationships suggested that
psychosomatic symptoms are often comorbid and
interact with each other. “Distress/feeling restless” and
“disturbed sleep” are centrally related to other symp-
toms; therefore, early assessment or intervention of
these core symptoms may reduce the overall symp-
tom burden. While these findings warrant verification
in independent samples, this study has the potential
to improve our understanding of symptom burden to
provide targeted interventions to optimize symptom
management in older patients with advanced cancer in

China.
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