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Abstract
Background To detect the differences in physical symptoms between depressed and undepressed patients with 
breast cancer (BC), including common symptoms, co-occurring symptoms, and symptom clusters based on texts 
derived from social media and expressive writing.

Methods A total of 1830 texts from social media and expressive writing were collected. The Chi-square test was used 
to compare the frequency of physical symptoms between depressed and undepressed patients with BC. Symptom 
lexicon of BC and K-medoids Clustering were used for mining physical symptoms and cluster analysis.

Results The common physical symptoms reported by texts included general pains (59.38%), fatigue (26.60%), 
vomiting (24.82%), swelling of limbs (21.69%), difficulty sleeping (21.56%), nausea (16.78%), alopecia (15.14%), loss 
of appetite (13.78%), dizziness (11.60%), and concentration problems (11.19%). The frequency of difficulty sleeping 
(depressed 28.40%; undepressed 18.16%; P = 0.002) in depressed patients was higher than undepressed patients 
with BC. High co-occurrence was observed in both commonly mentioned symptoms and those less commonly 
mentioned but frequently co-occurring with them. There were 5 symptom clusters identified in depressed patients 
and 6 symptom clusters in undepressed patients. Pain-related symptom cluster and gastrointestinal symptom cluster 
were both identified in the depressed and undepressed patients. The novel immune system impairment symptom 
cluster consisting of bleeding and fever was found in the undepressed patients.

Conclusions This study found that difficulty sleeping was reported more frequently, and identified difficulty 
sleeping-pain symptom cluster in depressed patients. The novel immune system impairment symptom cluster in 
undepressed patients was detected. Healthcare providers can provide targeted care to depressed and undepressed 
patients based on these differences. These findings demonstrate that social media can provide new perspectives on 
symptom experiences. The combination of digital tools and traditional clinical tools for symptom management in 
follow-up has great potential in the future.
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Introduction
Breast cancer (BC) has been the most common cancer 
worldwide and resulted in more than 2.26 million cases 
and 685,000 deaths in 2020 [1]. Most of patients with BC 
require chemotherapy, radiotherapy, or endocrine ther-
apy according to their pathology [2]. The long-term side 
effects of the treatment significantly decrease their qual-
ity of life and bring them great psychological distress [3]. 
The global prevalence of depression among patients with 
BC is around 30% [4]. And it was associated with a 30% 
increase in risk of all-cause mortality and a 29% increase 
in risk of specific mortality in BC [5].

The severity of depression in BC has attracted great 
attention from researchers. It was found that patients 
with BC who had more depressive symptoms reported 
more physical symptoms [6]. Patients with psychologi-
cal distress reported higher levels of fatigue and pain, 
poorer levels of sleep quality and self-rated health [6–8]. 
And there was a significant indirect effect between low 
levels of depressive symptoms and low levels of fatigue 
and pain interference [9]. It indicated that the frequency 
and intensity of physical symptoms were different in 
depressed and undepressed patients with BC, and the 
level of depressive symptoms might be alleviated by low-
ering the level of physical symptoms.

With the advances in technology, digital health tools 
such as wearable devices and remote monitoring systems 
provide new pathways for symptom monitoring. Remote 
cancer symptom monitoring based on patient self-
reported outcomes can improve clinical outcomes and 
reduce treatment-related toxic effects [10]. Data via the 
web and social media also can play an important role for 
the detection of cancer symptoms [11]. Large amounts 
of text are rapidly generated every moment, providing 
a huge data resource for symptom discovery. Lindvall 
et al. believed that analysis of patient self-reported texts 
allows to improve monitoring and proactively manage 
patients’ symptoms [12]. Additionally, textual data pro-
vides more comprehensive and detailed information, and 
helps us better understand the patients’ disease journey 
[13]. As reported by patients and survivors with BC, 
social media platforms have become an essential part of 
oncology self-management and addressing psychosocial 
needs [14]. Compared to older people, young people are 
the active group on the Internet. And physical symptoms 
of patients with BC obtained only through social media 
may be biased. Expressive writing, as a form of emotional 
disclosure in which participants are asked to write about 
their feelings and experiences of the traumatic event, is 
an effective method of exploring the patients’ experience. 

Thus, a combination of social media and expressive writ-
ing can provide a better understanding of what physical 
symptoms patients with BC are experiencing.

To sum up, depression was highly reported in survivors 
with BC [4], and depressive symptoms might be indi-
rectly lowered by lowering levels of physical symptoms 
[9]. Therefore, identifying differences in physical symp-
toms reported by depressed and undepressed patients 
with BC enables the provision of targeted interventions 
and more precise care to patients. However, the major-
ity of studies that compare symptoms between depressed 
and undepressed patients have concentrated on single 
symptoms, while studies that address symptom clusters 
has mainly focused on BC patients [15, 16]. Moreover, 
there was a lack of other perspectives to discover the 
patient’s experience of symptoms. For example, Grot-
mol et al. used scale to explore differences in symptom 
burden between depressed and undepressed patients 
with cancer, but the exploration did not go far to symp-
tom clusters [17]. In a systematic evaluation of symptom 
clusters in BC patients at different stages of treatment, 
the assessment tool for all 32 included studies was a scale 
[18]. To address these research gaps, we proposed a novel 
approach that employs textual data to detect differences 
from common symptoms, co-occurring symptoms, and 
symptom clusters in depressed and undepressed patients 
with BC. The key contributions of this paper are as 
follows:

1. Develop a symptom lexicon of BC that can deal with 
the colloquialization of expression.

2. Conduct the first comparison of physical symptoms 
between depressed and undepressed patients with 
BC using texts from social media and expressive 
writing, which will reveal differences in multiple 
dimensions and provide a basis for targeted 
interventions.

Materials and methods
Data collection
Texts were derived from social media as well as expres-
sive writing. The term “BC” was used to identify posts 
on Chinese social media platforms such as RED, and 
Tieba from the construction until January 1, 2024. Posts 
containing the labels “BC” and “I was diagnosed with 
depression” were associated with depressed patients 
with BC [19]. Moreover, we paid special attention to 
comment section under the depressive posts with BC to 
track more patients. Each post or comment with a user 
ID, timestamp and content was regarded as a separate 
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post. Ultimately, 637 posts about depression were found 
among the 1,416 target posts we gathered from patients 
with BC.

The texts of the expressive writing were derived from a 
large multicenter randomized controlled trial of expres-
sive writing [20], and consent was obtained from par-
ticipants for their use. Participants were asked to write 
for at least 20  min on four consecutive days, or for at 
least 20 min at least three times a week for four weeks. 
Depressed patients were assessed by the Hospital Anxi-
ety Depression Scale. Ultimately, we obtained 76 texts 
from depressed patients with BC and 340 texts from 
undepressed patients from the trial.

Data preprocessing
To identify suitable texts for subsequent data analysis, we 
performed text cleansing and word segmentation, remov-
ing information such as pages, links, and images. More-
over, we manually went through the full range of obtained 
information and filtered out some posts that did not fit. 
Firstly, posts that mentioned a combination of other can-
cers or major illnesses besides depression were filtered 
out. If a post was made by a patient with BC comorbid 
with other diseases, other posts made by her were also 
excluded. Then, given that bystander feelings were not 
a substitute for the patient’s own experience of symp-
toms, posts reported by bystanders were also removed. 
As for the expressively written texts, they were written 
by patients themselves. And the patients were excluded 
if they had other cancers or other major illnesses in the 
expressive writing trial [20]. All texts that did not report 
physical symptoms were filtered out. Finally, there were 
733 texts consisting of 480 from social media and 253 
from expressive writing. Among these texts, 490 texts 
were generated by undepressed patients with BC and 243 
texts were generated by depressed patients with BC.

Symptom lexicon
The symptom lexicon was developed from a pre-con-
structed emotional lexicon of patients with BC, which 
contained emotion words, symptom words, and BC ter-
minology [21]. With references to physical symptoms 
mentioned in the Distress Thermometer [22], the MD 
Anderson Symptom Inventory [23], and the BC Che-
motherapy Symptom Assessment Scale [24], symptom 
words were extracted from the colloquial expressions 
in the text corpus. In order to better map to the spe-
cialized expressions, researchers with different cultural 
backgrounds and geographical characteristics manually 
checked each symptom. For example, the term “腹泻 
(diarrhea)” usually can be described “腹泄 (diarrhea)”, “
拉肚子 (diarrhea)”, “拉稀 (diarrhea)” in China. Particu-
larly, it can also be described as “肚疴 (diarrhea)” in the 
Southern China. We have checked some relevant studies 

on the development of Chinese consumers’ health words 
to verify the rationality of our mapping [25–27]. For 
instance, in a study focusing on consumer health words 
for skin, gastroenterology, endocrinology, and cardio-
vascular, the term “腹泻 (diarrhea)” also mapped to “拉
肚子 (diarrhea)”, “拉稀 (diarrhea)” [27]. It proved that 
our terminological mapping is reasonable. The word “肝
郁 (liver depression)” is a Traditional Chinese Medicine 
term. Clinically, it is mainly characterized by depression 
and moodiness [28]. And it was removed as we primar-
ily focused on physical symptoms. In addition, there were 
some words that described pain symptoms without iden-
tifying the location of the pain, such as “疼 (ache)”, “痛 
(pain)”, “刺痛 (tingling)”, “隐隐作痛 (vague pain)” .These 
words that did not specify the location of the pain but 
describe its occurrence were categorized as general pain. 
Then we ended up with 28 physical symptoms. Moreover, 
terms were put into the Biomedical information ontology 
system [29] to enrich its synonyms and colloquial words, 
which better suit users’ daily writing characteristics. 
Ultimately, we classified the symptoms according to the 
systems or organs that were impacted: the digestive, mus-
culoskeletal, neurological, cardiovascular, respiratory, 
sensory, integumentary, and systemic [30]. There were 8 
impacted organs or systems, 28 physical symptoms and 
308 phrases in the final symptom lexicon of BC. (see sup-
plementary material 1)

Data analysis
Common physical symptoms
We counted the frequency of each physical symptom in 
their texts to explore whether physical symptoms dif-
fered in depressed and undepressed patients with BC. 
The Chi-square test was used to compare the frequency 
of physical symptoms between the two groups. P values 
were two-sided, and a significant difference was indicated 
when P value was less than 0.05. Given that the small 
number of texts we collected, physical symptoms with 
a frequency of 10% or more were considered common 
physical symptoms [31].

Co-occurring physical symptoms
Rather than just one symptom, patients with cancer usu-
ally had several [32]. The relationship between the symp-
toms could be explored further at the level of symptom 
co-occurrence or even symptom clusters. Co-occurring 
physical symptoms were regarded as being mentioned 
in a text at the same time in this study. The similarity 
of the symptoms was obtained by calculating the num-
ber of times each symptom occurred and the number of 
times the symptoms co-occurred [33]. The formula is as 
follows:
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similarity[symptom (i) , symptom (j)] =
Co − occurrence[symptom (i) , symptom (j)]

sqrt(Occurrence [symptom (i)] ∗ Occurrence[symptom (j)]

Physical symptom clusters
Clustering methods that rely on differences in similar-
ity or distance, such as K-means Clustering, K-medoids 
Clustering, and hierarchical clustering, are among the 
most typical clustering methods [34]. The K-means 
Clustering uses the cluster mean as the virtual centroid 
of the cluster for the subsequent iteration of partition-
ing, making it vulnerable to the impact of sample outli-
ers. Similarly, based on the selection of distance matrices, 
hierarchical clustering is sensitive to noise and outliers, 
and has high computational complexity [33]. Unlike 
K-means Clustering, K-medoids Clustering uses actual 
points in the dataset as clustering centers, which makes 
it more stable when it comes to outliers [35]. And this 
is especially important when dealing with texts, which 
can contain a lot of noise and outliers. Additionally, the 
actual points serve as clustering centers, making the 
clustering results easier to understand and interpret. 
Moreover, it has been used in a wide range of fields, dem-
onstrating their effectiveness in processing complex data 
types, including textual data [36]. Therefore, we choose 
K-medoids Clustering as our clustering method. For each 
iteration, the clustering effect is recalculated by replac-
ing one of the original centroids with a randomly selected 
non-centroid [37]. The original centroid is kept unless 
the clustering results show an improvement. If not, this 
replacement is kept. The iteration ends when the replace-
ment no longer enhances the clustering effect.

Silhouette Width (SW) and Average Silhouette Width 
(ASW) are the metric for evaluating the effectiveness 
of clustering. The formula for the SW and ASW is as 
follows:

 
Si(C, d) = b (i) − a (i)

max {a (i) , b (i)}

 
−
S (C, d) = 1

n

∑
n
i=1Si(C, d)

a(i) is the average distance of symptom i to the points in 
the cluster to which it was. The smaller the value, the bet-
ter the clustering.

b(i) is the average distance of symptom i to the points 
in the nearest cluster to which it was not assigned. The 
large the value, the better the clustering.

Given that clusters should exhibit homogeneity and 
clear separation, higher values of SW and ASW signify 
a better quality of clustering. Therefore, they can also be 
used to determine the number of clusters. The optimal 
number of clusters is the value of K corresponding to the 

maximum value of ASW [38]. The ASW ranges from − 1 
to 1. It indicates a more appropriate categorization of the 
symptom as its value approaches 1. And as the value of 
ASW gets closer to -1, it indicates that the partitioning 
of this symptom is not appropriate. The symptom has 
the same effect in both clusters when the ASW value is 0 
[39]. We created a waiting list for placing symptoms with 
negative ASW. For these symptoms, we attempt to reas-
sign to different clusters and calculate the new SW and 
ASW. If the SW value is better than the previous best, 
update the best SW, ASW and cluster assignment. If no 
better clustering is found, try to reassign again. Finally, 
if the symptom cannot be reassigned, it will be removed 
permanently. (see supplementary materials 2)

Results
Distribution of physical symptoms and affected organs or 
systems
The distribution of affected organs or systems was shown 
in Fig.  1. In total, 28 symptoms were mentioned 2,117 
times in the 733 self-reported symptom texts; 25 symp-
toms (89%) were mentioned more than 10 times. It could 
be clearly seen that musculoskeletal symptoms were the 
most frequently reported of all symptoms, accounting for 
30% (623/2,117). And of these, general pain accounted for 
more than 60%. The digestive symptoms ranked second 
(24%, 515/2,117), followed by the systemic symptoms 
(24%, 508/2,117), nervous symptoms (12%, 259/2,117), 
integumentary symptoms (7%, 151/2,117), respiratory 
symptoms (1%, 27/2,117), cardiovascular symptoms (1%, 
26/2,117) and sensory symptoms.

Occurrence and frequency of physical symptoms
The occurrence and frequency of the 28 symptoms 
were shown in Table  1. The eight symptoms—general 
pain, fatigue, vomiting, swelling of the limbs, difficulty 
sleeping, nausea, alopecia, and lack of appetite—were 
collectively noted more than 100 times out of all the 
self-reported symptom texts. Additionally, taste sense 
altered and bleeding were mentioned less than 10 times, 
with drop in libido being not mentioned whether in the 
undepressed self-reported texts or in the depressed 
self-reported texts. The most often mentioned physical 
symptoms of undepressed patients with BC were gen-
eral pain, fatigue, vomiting, swelling of the limbs, and 
nausea. Nevertheless, among the self-reported symp-
toms of depression, the most common symptoms were 
no longer nausea, but rather difficulty sleeping. There 
was a statistically significant difference in general pain 
(P = 0.001), swelling of the limbs (P = 0.016), difficulty 
sleeping (P = 0.002), nausea (P = 0.013), concentration 
problems (P = 0.022), skin changes (P = 0.031), oral ulcers 
(P = 0.010), and back pain (P = 0.024) reported in the 
depressed and undepressed texts.
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Fig. 1 Distribution of physical symptoms and affected organs or systems
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Difference of the common physical symptoms between 
depressed and undepressed patients with BC
The frequency of common physical symptoms among 
the undepressed and depressed patients with BC was 
shown in Fig. 2. A total of 10 symptoms were mentioned 
with a frequency of more than 10%. Notably, compared 
to the self-reported symptoms in the depressive patients 
texts, there was a higher frequency for most of the com-
mon physical symptoms in undepressed patients texts, 
especially general pain (undepressed 63.67%, depressed 
50.62%, P = 0.001), and swelling of limbs (undepressed 
24.29%, depressed 16.46%, P = 0.016). Specifically, dif-
ficulty sleeping (undepressed 18.16%, depressed 28.40%; 
P = 0.002) was the only common symptom mentioned 
more frequently than undepressed patients with BC.

Co-occurrence physical symptoms of depressed and 
undepressed patients with BC
The physical symptoms co-occurrence heatmaps of 
depressed and undepressed patients with BC were shown 

in Figs.  3 and 4. The shade of the colour block repre-
sented the proportion of times a symptom (on the x-axis) 
co-occurred with a different symptom (on the y-axis). 
The higher the proportion, the darker the colour block.

In the heatmap of depressed patients with BC, general 
pain, fatigue, vomiting, swelling of the limbs, difficulty 
sleeping, and nausea (on the y-axis) basically were dark 
colour blocks, since there were commonly mentioned 
physical symptoms. It explained the darker hues in the 
top half of the heatmap and the lighter hues in the bot-
tom half. The colour block in the lower right corner 
became lighter, as the symptoms became less frequent. 
Rarely mentioned symptoms, such as shortness of breath, 
taste sense altered, bleeding, and drop in libido, were 
often mentioned in conjunction with common symptoms 
and rarely alone.

In the heatmap of undepressed patients with BC, the 
squares of general pain, fatigue, and vomiting (on the 
y-axis) were dark in colour. It exceeded the heatmap of 
depression in terms of the range of dark colour blocks. 

Table 1 Occurrence and frequency of physical symptoms
Symptom System Self-reported symp-

toms (all; N = 733), 
n (%)

Self-reported symp-
toms (undepressed; 
N = 490), n (%)

Self-reported symp-
toms (depressed; 
N = 243), n (%)

P

General Pain Musculoskeletal 435 (59.38) 312 (63.67) 123 (50.62) 0.001*

Fatigue Systemic 195 (26.60) 132 (26.94) 63 (25.93) 0.770
Vomiting Digestive 182 (24.82) 132 (26.94) 50 (20.58) 0.061
Swelling of the limbs Musculoskeletal 159 (21.69) 119 (24.29) 40 (16.46) 0.016*

Difficulty sleeping Systemic 158 (21.56) 89 (18.16) 69 (28.40) 0.002*

Nausea Digestive 123 (16.78) 94 (19.18) 29 (11.93) 0.013*

Alopecia Integumentary 111 (15.14) 78 (15.92) 33 (13.58) 0.406
Lack of appetite Digestive 101 (13.78) 69 (14.08) 32 (13.17) 0.736
Dizziness Nervous 85 (11.60) 61 (12.45) 24 (9.88) 0.306
Concentration problems Nervous 82 (11.19) 64 (13.06) 18 (7.41) 0.022*

Fever Systemic 70 (9.55) 46 (9.39) 24 (9.88) 0.832
Head and face pain Nervous 65 (8.87) 43 (8.78) 22 (9.05) 0.901
Constipation Digestive 51 (6.96) 39 (7.96) 12 (4.94) 0.130
Diarrhea Digestive 43 (5.87) 34 (6.94) 9 (3.70) 0.079
Skin changes Integumentary 40 (5.46) 33 (6.73) 7 (2.88) 0.031*

Night sweats Systemic 30 (4.09) 20 (4.08) 10 (4.12) 0.983
Oral ulcer Systemic 28 (3.82) 25 (5.10) 3 (1.23) 0.010*

Numbness of the limbs Nervous 27 (3.68) 22 (4.49) 5 (2.06) 0.100
Cardiothoracic distress Cardiovascular 26 (3.55) 17 (3.47) 9 (3.70) 0.872
Weight loss Systemic 21 (2.86) 13 (2.65) 8 (3.29) 0.625
Limb pain Musculoskeletal 16 (2.18) 11 (2.24) 5 (2.06) 0.870
Stomach and abdominal pain Digestive 15 (2.05) 12 (2.45) 3 (1.23) 0.414
Pain in the throat Respiratory 14 (1.91) 12 (2.45) 2 (0.82) 0.220
Back pain Musculoskeletal 13 (1.77) 13 (2.65) 0 (0.00) 0.024*

Shortness of breath Respiratory 13 (1.77) 9 (1.84) 4 (1.65) 1.000
Taste sense altered Sensory 8 (1.09) 8 (1.63) 0 (0.00) 0.104
Bleeding Systemic 6 (0.82) 5 (1.02) 1 (0.41) 0.670
Drop in libido Systemic 0 (0.00) 0 (0.00) 0 (0.00) /
*: P < 0.05

Bold: emphasize that symptom was reported more frequently in depressed patients with BC and was statistically different.
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There was no great difference in common symptoms 
(on the x-axis) between the depressed and undepressed 
heatmap. For the less commonly cited symptoms (on 
the x-axis), Fig. 3 appeared to show a strong correlation 
with a specific symptom, and Fig. 4 showed a generalized 
correlation.

Physical symptom clusters of depressed and undepressed 
patients with BC
The clustering results of the depressed and undepressed 
patients with BC were shown in the Figs. 5 and 6. Each 
circle represented a symptom, and the size of the cir-
cle represented the number of times each symptom 
occurred. Symptoms were connected by edges, and the 
thickness of the edges represented the similarity of the 
two symptoms. Different clusters were distinguished by 
different colours. Symptoms of the same cluster were 
filled with the same colour and enclosed in a rectangle. 
The medoid symptom of each cluster was marked with a 
solid circle, such as vomiting and general pain.

The best K value of clustering in depressed patients 
with BC was 5, and the symptoms fell into 5 clusters. 
Cluster 1 covered symptoms related to pain and difficulty 
sleeping, such as general pain, pain in the throat, head 

and face pain, limb pain, and difficulty sleeping. Cluster 
2 primarily consisted of digestive symptoms, such as nau-
sea, vomiting, loss of appetite, and stomach and abdomi-
nal pain. Cluster 3 contained the symptoms of skin 
changes and concentration problems, which may be asso-
ciated with receiving anthracycline-based chemothera-
peutic agents [40]. Cluster 4 seemed to indicate diarrhea, 
which would result in weight loss. Cluster 5 contained 
the symptoms of dizziness, fatigue, and cardiothoracic 
distress, which may be the result of poor circulation due 
to cardiotoxicity.

The best K value of clustering in the undepressed 
patients with BC was 6, and the symptoms were grouped 
into 6 clusters. Cluster 1 covered most of the symptoms 
associated with pain, such as general pain, back pain, and 
head and face pain, although swelling of the limbs and 
fatigue were included. The reason why fatigue is included 
is that pain is one of the factors that causes fatigue [41]. 
Cluster 2 comprised some of gastrointestinal symptoms, 
such as nausea and vomiting. Cluster 3 contained the 
symptoms of lack of appetite, difficulty sleeping and car-
diothoracic distress. Some symptoms of cardiothoracic 
distress such as palpitations are associated with insom-
nia. Cluster 4 covered symptoms of fever and bleeding, 

Fig. 2 Difference of physical common symptoms between depressed and undepressed patients with BC
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which appeared to be related to immune system impair-
ment. Patients with BC undergoing chemotherapy expe-
rienced a drop in white blood cells and platelets, making 
them more susceptible to viral and bacterial invasion as 
well as unintended injuries. Cluster 5 contained symp-
toms of diarrhea, stomach and abdominal pain, and 
constipation, clearly suggesting disorder of digestive 
function. Cluster 6 seemed to defy interpretation, includ-
ing the symptoms of shortness of breath, weight loss, 
limb pain, and numbness of the limbs.

Discussion
This study, based on social media and expressive written 
texts evaluated common physical symptoms, co-occur-
ring physical symptoms, and physical symptom clusters 
between depressed and undepressed patients with BC 
to detect the difference in symptoms between these two 
groups.

In our study, pain was mentioned more frequently than 
other symptoms. On the one hand, pain, as a subjective 
feeling of patient, amplifies the patient’s discomfort and 
their negative emotions [42]. On the other hand, this was 
due to the double categorization of pain, such as “头痛 
(headache)” should be categorized only as head and face 
pain, but was actually categorized as general pain and 
head and face pain. Few reports addressed sexual health 

issues. Actually, patients with BC had dramatically wors-
ened sexual health, especially those who had undergone 
mastectomy alone or were on hormone therapy [43, 44]. 
However, no patients reported this problem. It may be 
a result of differences in data sources and cultural back-
ground, with East Asian people reluctant to talk about 
sexuality in public [45]. Most symptoms were reported 
less frequently by depressed patients than by undepressed 
patients with BC. Leis et al. [46] found that depressed 
users wrote fewer characters in tweets than undepressed 
users, due to their reduced interest and language skills. 
Disfluencies in verbal expression were associated with 
depressive symptoms [47]. It suggests that depressed 
patients may experience a variety of symptoms, but few 
are mentioned in the text. Therefore, it was difficult to 
obtain the full information about symptoms through 
text alone. In the future, we need to combine traditional 
assessment tools with texts to better tap into the patient’s 
symptom experience. For example, we can develop an 
effective system with features such as peer support 
and peer communities to help nurses better follow-up. 
Patients can post health-seeking texts. Healthcare pro-
viders can send health questionnaires to the patient and 
view the texts to understand the dynamic changes in the 
patient’s symptoms for personalized interventions.

Fig. 3 The heatmap of depressed patients with BC. The heatmap is a representation of the percentage of occurrences of a symptom (on the y-axis) in 
co-occurrence with another (on the x-axis) out of all occurrences of the symptom (on the x-axis)
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High co-occurrence rates were found between gen-
eral pain, fatigue, vomiting, difficulty sleeping, and nau-
sea both in the heatmaps of undepressed and depressed 
patients with BC. This finding was in line with other 
studies [48]. Moreover, we found that rare symptoms are 
typically co-occurring with common symptoms. It could 
be explained by the fact that common physical symptoms 
persist during a BC patient’s therapy while unusual symp-
toms are side effects of certain medicines. For instance, 
treatments that increase white blood cell counts, such 
as granulocyte colony-stimulating factor, often result in 
back pain [49].

The symptom of difficulty sleeping was reported 
more frequently in the depressed patients with BC, and 
was significant different from those reported by unde-
pressed patients. In the clustering of depressed patients, 
sleep difficulties were clustered with pain-related symp-
toms. Previous studies have shown that pain and sleep 
disorders are highly co-morbid, with a recognized bidi-
rectional relationship [50]. The hyperreactivity of the 
hypothalamic-pituitary-adrenal axis to stressors medi-
ates the relationship between sleep deprivation and 
higher pain sensitivity [51]. Therefore, co-management of 
pain and sleep difficulties is of great clinical implication. 
Progressive muscle relaxation, and mindfulness-based 
stress reduction have been demonstrated to be effective 

measures in alleviating the difficulty sleeping-pain symp-
tom cluster [52]. It suggests that we can provide targeted 
interventions for depressed patients undergoing such 
symptom cluster.

We identified novel symptom cluster consisting of fever 
and bleeding that are associated with immune system 
problems. In the analysis of symptom clusters experi-
enced during chemotherapy for BC [18, 53], many stud-
ies reported pain-fatigue-sleep disorder symptom cluster, 
menopausal symptom cluster, gastrointestinal symptom 
cluster, and psychological cluster, with limited reports of 
bleeding and fever. It is noteworthy that the hazard ratio 
for myelosuppression following chemotherapy among 
BC patients is estimated to be 19% [54]. Therefore, it is 
necessary to pay attention to this cluster of symptoms in 
patients. Based on our clustering outcomes, health care 
providers can deliver a basket of targeted health educa-
tion materials that encompass infection and bleeding 
prevention, regular blood monitoring. The authoritative 
and accessible nature of health information can promote 
patient self-management [55].

There were several limitations in our study. While text 
can provide detailed information about the disease jour-
ney, it is also a product of the patient’s freely expressed 
thoughts and experiences. Thus, determining the treat-
ment stage of the text is often challenging, which is why 

Fig. 4 The heatmap of undepressed patients with BC. The heatmap is a representation of the percentage of occurrences of a symptom (on the y-axis) in 
co-occurrence with another (on the x-axis) out of all occurrences of the symptom (on the x-axis)
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we could not track the trajectory of the patient’s symp-
toms. Traditional clinical assessment allows us to visual-
ize the severity of the symptoms for patients, but in text, 
we can not know the severity level of a symptom at the 
time of posting or recording. Second, the lack of a sys-
tematic Chinese consumer health lexicon meant that, 
despite our best efforts to enrich the symptom lexicon in 
BC, gaps may still exist. This could result in an underes-
timation of the physical symptom counts. Additionally, 
the Hospital Anxiety Depression Scale was used to assess 
the psychological state of the participants in the expres-
sive writing texts. Although this scale has been widely 
used to screen potentially depressed patients, a clini-
cal diagnosis of depression requires specialized doctors. 
Therefore, there was no guarantee that a patient exhibit-
ing depressive symptoms was clinically depressed. There 
is a cultural bias in reporting symptoms, such as breast 
symptoms and sexual health. People with different cul-
tural backgrounds differ in reporting such symptoms. For 
example, individuals from East Asia are often reluctant to 
disclose them in public [45].

Differences in physical symptoms are clinically sig-
nificant in depressed and undepressed patients with BC. 
Sleep difficulties are particularly prominent in depressed 

patients, and progressive muscle relaxation can be 
offered to alleviate the symptom cluster of pain and sleep 
difficulties. Comprehensive health information can also 
be provided based on the clustering results when creating 
educational checklists. Future research should encom-
pass longitudinal studies to track symptom trajectories 
and validate findings. Additionally, it is recommended 
that oncologists and digital health experts collaborate 
to further refine a systematic lexicon of cancer symp-
toms and clustering models, as they have a wide range of 
applications. For symptom monitoring on social media 
and identification of patient self-reported symptoms, the 
assistance of a symptom lexicon may be necessary.

Conclusions
We explore the differences in physical symptoms between 
depressed and undepressed patients with BC based on 
the texts derived from social media and expressive writ-
ing. Difficulty sleeping was reported more frequently in 
depressed patients, and it was clustered together with 
pain. The incidence of myelosuppression was high, and a 
symptom cluster of immune system impairment, consist-
ing of fever and bleeding, was recognized in undepressed 
patients with BC. These findings may provide clinical 

Fig. 5 Physical symptom clusters of depressed patients with BC. For example, Cluster 4 contained the symptoms of weight loss and diarrhea. And weight 
loss was at the center of the clustering
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assistance in implementing intervention strategies for 
the management of diverse patients. Our findings dem-
onstrate that textual data can provide a new perspective 
for understanding patients’ symptom experiences. Due 
to the abundance and richness of social media texts, it 
will be more meaningful to combine them with tradi-
tional clinical data to understand patients’ symptoms 
comprehensively.
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