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Abstract 

Background: The prevalence of comorbid depressive and anxiety disorders in people living with HIV (PLWH) is high. 
However, it is unclear which symptom is the bridge symptom between depression and anxiety in PLWH. This study 
aimed to develop symptom networks for depression and anxiety and explore the bridge symptoms and interconnect-
edness between these disorders in PLWH with comorbid depressive and anxiety disorders.

Methods: A multisite, hospital-based cross-sectional study was conducted from March 2020 to November 2021. 
Depression and anxiety were measured with the Hospital Anxiety and Depression Scale. We visualized the symptom 
network using the qgraph package and computed the bridge expected influence of each node. The GLASSO layout 
was used to generate undirected association networks.

Results: A total of 2016 individuals were included in the analysis. In the anxiety cluster, “not feeling relaxed” had 
the highest bridge expected influence and strength (rbridge expected influence = 0.628, rstrength = 0.903). In the depression 
cluster, “not feeling cheerful” was identified as having a high bridge expected influence (rbridge expected influence = 0.385). 
“Not feeling cheerful” and “not feeling relaxed” were the strongest edges across the depression and anxiety clusters 
(r = 0.30 ± 0.02).

Conclusions: Healthcare professionals should take note when PLWH report severe bridge symptoms. To enhance the 
levels of perceived cheerfulness and relaxation, positive psychology interventions could be implemented.
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Introduction
Human Immunodeficiency Virus (HIV) is a major pub-
lic health issue that had affected over 37 million people 
worldwide by the end of 2020 [1]. There is no cure for 

HIV. However, due to the widespread use of antiretrovi-
ral therapy (ART), HIV infection has been transformed 
from a fatal diagnosis into a lifelong manageable chronic 
disease [2]. People living with HIV (PLWH) face a series 
of mental health conditions, such as depression and 
anxiety. HIV-related and socioeconomic factors, includ-
ing physical symptoms, ART side effects, economic and 
medical difficulties, social stigma and discrimination, 
and/or lack of social support, can all cause these mental 
problems [3, 4].

In PLWH, anxiety and depression are the most com-
mon mental disorders. PLWH are twice as likely as the 
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general population to be diagnosed with depression [5]. 
The prevalence of global depression in PLWH was 31% 
based on screening instruments, which ranged from 
22% in Europe to 44% in South America [6]. In addi-
tion, some low- and middle-income regions reported 
a prevalence of depression higher than 30% [7]. The 
prevalence of anxiety in PLWH varies due to different 
study designs and sample sizes; however, it is widely 
believed that the prevalence of anxiety ranges from 
approximately 19 to 49%, compared to a twelve-month 
prevalence of 18% and a lifetime prevalence of 29% in 
general population [8–10]. High severity of depression 
and anxiety can lead to low levels of ART adherence 
and health-related quality of life, treatment failure, and 
finally a high mortality rate [11, 12].

Most previous studies have evaluated depression and 
anxiety in PLWH separately. However, the prevalence of 
comorbid depression and anxiety is high, ranging from 
10 to 80% in PLWH according to previous studies based 
on different diagnostic criteria [13]. Analyzing depression 
and anxiety independently from each other and other 
covariates gives only a small picture of how these symp-
toms interact. More insight into the complex intercon-
nectedness among these constructs is needed. Based on 
symptom network theory, generating symptom networks 
of multidimensional symptom experience and exploring 
bridge symptoms and interconnectedness between the 
two clusters can provide additional data, such as bridge 
expected influences and bridge strength. These factors 
have clinical implications and could lead to the develop-
ment of more precise and individualized interventions 
[14, 15]. Previous studies have developed symptom net-
works in various populations, including cancer patients 
receiving chemotherapy, people living with HIV, and 
people with mental disorders, to capture complex rela-
tionships among symptoms of various chronic diseases 
[16–18].

Previous studies have indicated that controlling bridge 
symptom severity in dynamic psychopathology mod-
els may enhance intervention efficacy [19–21]. Lunan-
sky and colleagues used the NodeIdentifyR algorithm to 
identify bridge symptoms that had the greatest impact 
on total symptom activation among three post-traumatic 
stress disorder symptom clusters [19]. Groen and col-
leagues assessed the role of bridge symptoms in dynamic 
psychological networks and suggested that bridge symp-
toms should serve as target for psychotherapeutic inter-
ventions but not for prevention strategies [20]. Castro 
and colleagues summarized published data and found 
that interventions targeting bridge symptoms were more 
efficient than other symptoms. However, this conclusion 
was supported by only moderate amounts of empirical 
evidence [21].

To enhance the efficacy and efficiency of psycho-
therapeutic approaches, it is crucial to identify the 
bridge symptoms. However, few studies have devel-
oped networks of multidimensional symptoms to iden-
tify bridge symptoms and evaluate interconnectedness 
between depression and anxiety in PLWH with comor-
bid depressive and anxiety disorders. It is still unclear 
which symptom is the bridge symptom between 
depression and anxiety in PLWH with comorbid 
depressive and anxiety disorders. Empirical evidence 
is needed to develop personalized and precise psycho-
logical intervention strategies specific for PLWH with 
comorbid depressive and anxiety disorders. Therefore, 
the objectives of this study were to 1) generate symp-
tom networks of depression and anxiety in PLWH 
with comorbid depressive and anxiety disorders and 
2) explore bridge symptoms and interconnectedness 
between depression and anxiety.

Methods
Study design and settings
We conducted a multisite, hospital-based cross-sectional 
study named “Living Positively with HIV/AIDS (LIPHA)” 
between March 2020 and November 2021. Participants 
were recruited from three HIV/AIDS-designated hos-
pitals in Shanghai, Shenzhen (Guangdong Province), 
and Kunming (Yunnan Province), China. Shanghai and 
Shenzhen have more than 30,000 and 21,000 HIV cases, 
respectively, and 58–65% of those infections were in men 
who have sex with men. Kunming is the capital city of 
Yunnan Province and has over 12,000 cases. The preva-
lence of HIV in these three cities is representative of 
southern China in urban areas. The Institutional Review 
Board of Fudan University School of Nursing approved 
this study (IRB# TYSQ20210304). Written informed con-
sent was obtained from all subjects prior to enrollment in 
the study.

Participants
The inclusion criteria were as follows: 1) diagnosed with 
HIV; 2) aged 18 years or older; 3) diagnosed as hav-
ing depressive and anxiety disorders by the Diagnostic 
and Statistical Manual of Mental Disorders, Fifth Edi-
tion (DSM-5); 3) scored ≥1 on the Hospital Anxiety and 
Depression Scale (HADS); and 4) provided informed 
consent. Participants who were unable to complete the 
self-rating scale due to severe comorbidities and/or cog-
nitive impairment were excluded. Finally, a total of 2046 
PLWH participated in this study. Thirty participants 
(1.5%) were excluded due to missing or invalid data. The 
remaining 2016 were included in the analysis.
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Measures
Eligible participants were asked to provide written 
informed consent before data collection. The survey 
was delivered by the members of our research team. 
Participants were compensated with gifts. The follow-
ing sections were included in the survey.

Depression and anxiety
Depression and anxiety were measured by the Hospi-
tal Anxiety and Depression Scale (HADS) [22]. The 
HADS is a 14-item scale and includes two dimensions: 
depression (7 items) and anxiety (7 items). A 4-point 
Likert scale was used for the responses, ranging from 1 
to 4. Two dimensions were scored separately. For both 
dimensions, a higher score indicated a more severe 
condition. The HADS has reported good internal con-
sistency. The Cronbach’s α was 0.828 for the anxiety 
dimension and 0.859 for the depression dimension.

Covariates
Covariates included age (continuous), sex (male and 
female), marital status, education, employment sta-
tus, years since HIV diagnosis, HIV status disclosure, 
having ART, ART regimen, prescribed ART that has 
neurological side effects (e.g., dolutegravir, efavirenz, 
and rilpivirine), CD4+ T cell count, and viral load. 
All covariates were collected with a standardized 
questionnaire.

Data analysis
All statistical analyses were conducted using R version 
1.6.4. The demographic characteristics and severity of 
symptoms are described using frequencies, percent-
ages, means, and standard deviations.

Aim 1: characterization and interconnectedness 
of depression/anxiety networks
We constructed contemporaneous networks with all 
14 psychological symptoms. Covariates that were sig-
nificantly associated with the overall HADS score were 
included in the network analysis to identify the real 
relationships among the symptoms after controlling 
for confounding factors. Each node represented one 
symptom. Edges in the network represented the con-
ditional independent relationships between two nodes; 
the thicker the edges were, the stronger the association 
between two nodes. We visualized the network using 
the qgraph package. The GLASSO layout was used to 
generate undirected association networks.

Bootstrapping methods were performed to assess 
the accuracy and stability of the network by using the 
R package bootnet. The accuracy was evaluated by 

calculating the 95% confidence intervals (CIs) of the 
edge weight values. We used nonparametric bootstrap-
ping (1000 bootstrap samples) to construct CIs [23]. 
To identify whether the estimations of network con-
nections and centrality for different variables differ, we 
performed bootstrapped difference tests between edge 
weights and centrality indices in the LASSO regulari-
zation of partial correlation networks based on poly-
choric correlation matrices [24].

Aim 2: analyzing the bridge between depression and anxiety
To identify the bridge symptoms that had the strong-
est connection with the depression and anxiety clusters, 
we computed the bridge expected influence. The bridge 
expected influence was calculated by the accumulation of 
the node’s edge weight. Based on the bootstrap analysis, 
tests for significant differences between individual nodes’ 
expected bridge values were conducted.

Aim 3: node centrality and predictability
To identify the most central symptoms, we conducted 
a centrality analysis with the following three central-
ity indices: strength, betweenness, and closeness. The 
strength of a symptom network is an indicator of network 
connectivity. A higher strength centrality means that the 
symptom is more likely to occur in conjunction with 
other symptoms. Betweenness is measured by the num-
ber of times a node acts as a bridge along the shortest 
path between two nodes. A node with a higher between-
ness centrality has greater network influence. Closeness 
is indicated by the average distance (inverse distance) 
between one symptom and all other nodes. The shorter 
the path is, the greater the closeness value.

Moreover, we used the mgm package to identify the 
predictability for each node. A symptom with a high 
value of predictability indicated that we could control 
the symptom via its neighboring nodes. In contrast, if 
the value of predictability is low, we need to intervene 
in the symptom directly or look for a marker outside the 
network. The stability was evaluated by calculating the 
correlation stability coefficient of the expected impact 
of nodes using a case-dropping subset bootstrap (1000 
bootstrap samples) [24]. The correlation stability coef-
ficient should preferably be greater than 0.5, but at the 
very least it should be greater than 0.25 [25].

Results
Participant characteristics and prevalence and severity 
of symptoms
Table 1 shows the sample characteristics (n = 2016). The 
mean age of the participants was 41.20 ± 12.70 years 
old, ranging from 18 to 81 years old. The majority of 
participants were male (1806, 89.58%), single (929, 
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46.08%), and had a university degree or more (655, 
32.49%). The median number of years since HIV infec-
tion diagnosis was 3.67 ± 3.92 (0–34), and 91.47% of 
these respondents (1844) had received ART. More than 
51.59% of these participants were taking medications 
(e.g., dolutegravir, efavirenz, and rilpivirine) that have 
neurological side effects and could cause depressive 
symptoms.

Table  2 shows the prevalence and severity of all 
symptoms of depression and anxiety. The most preva-
lent depressive symptom was “not feeling cheerful” 
(n = 1616, 80.16%), followed by “lost interest in appear-
ance” (n = 1513, 75.05%). The most prevalent anxious 
symptoms were “not sitting at ease and feeling relaxed” 
(n = 1659, 82.29%) and “having frightened feelings like 

‘butterflies’ in the stomach” (n = 1637, 81.20%). The 
most severe depressive and anxious symptoms were 
“lost interest in appearance” (2.61 ± 1.67) and “hav-
ing frightened feelings like ‘butterflies’ in the stomach” 
(2.60 ± 1.34).

Characterization and interconnectedness of symptom 
networks
Figure 1(a) shows the network of depressive and anxious 
symptoms after controlling covariates (age: β = − 0.164, 
P < 0.001; having a university degree or more: β = − 0.103, 
P = 0.004; and employed β = − 0.092, P = 0.008). Fig-
ure 1(b) shows the bootstrap analysis results of the edge 
weights. The bootstrapped CIs were small, which showed 
good accuracy of the network. For the subset bootstrap 
in Fig. 1(c), the correlation stability coefficient was 0.75, 
suggesting that the network remained stable. In Fig.  2, 
we found that the strongest edge weights, HADS8 (feel-
ing being slowed down) and HADS10 (lost interest in 
appearance) (r = 0.36 ± 0.02), were significantly different 
from the other edge weights. HADS6 (not feeling cheer-
ful) and HADS7 (not sitting at ease and feeling relaxed) 
were the strongest edges across the depression and anxi-
ety clusters (r = 0.30 ± 0.02).

Bridge centrality
Figure  3(a) shows the centrality of bridge symptoms of 
the two clusters. In the anxiety cluster, HADS7 (not sit-
ting at ease and feeling relaxed) had the highest bridge 
expected influence and strength (rbridge expected influ-

ence = 0.628, rstrength = 0.903), followed by HADS9 (having 
frightened feeling like ‘butterflies’ in the stomach) (rbridge 

expected influence = 0.638, rstrength = 0.840). In the depression 
cluster, HADS 6 (not feeling cheerful) was identified as 
a bridge symptom with a high value of bridge expected 
influence (rbridge expected influence = 0.385).

Node centrality and predictability
Figure  3(b) presented three centrality indices. Among 
depressive symptoms, HADS8 had the largest values for 
node centrality (rstrength = 1.101, rbetweenness = 38.000, rclose-

ness = 0.006). Among anxious symptoms, HADS13 had the 
largest values for node centrality (rstrength = 0.999, rbetween-

ness = 46.000, rcloseness = 0.006). Predictability is presented 
as a circle around a node in Fig. 1(a). Table 2 shows that 
the node predictability values ranged from 65.0 to 86.2%. 
HADS11 (feeling restless), HADS12 (not looking forward 
with enjoyment to things), and HADS14 (not enjoying 
a good book or radio or TV program) had the highest 
predictability, showing that 86.1, 85.4, and 86.2% of their 
variance can be explained by their neighbors.

Table 1 Characteristics of participants (n = 2016)

ART  antiretroviral therapy

Characteristics n (%), M ± SD (IQR)

Age 41.20 ± 12.70 (18–81)

Gender
 Male 1806 (89.58)

 Female 209 (10.37)

Education
 Primary school or below 362 (17.96)

 Secondary school 504 (25.00)

 Post-secondary 495 (24.55)

 University or above 655 (32.49)

Marital status
 Single 929 (46.08)

 Married 780 (38.69)

 Otherwise 307 (15.23)

Employment
 Employed 1708 (84.72)

 Otherwise 308 (15.27)

Year since HIV diagnosis 3.67 ± 3.92 (0–34)

HIV status disclosure
 Undisclosed 801 (39.73)

 Disclose to friends 346 (17.16)

 Disclose to family member 698 (34.62)

Prescribed ART (Yes) 1844 (91.47)

Prescribed ART that has neurological side 
effects

1040 (51.59)

CD4+ T cell count 326.72 ± 263.09 (1–1247)

 0–50 389 (19.30)

 50–200 419 (20.78)

 200–500 675 (33.48)

  > 500 533 (26.44)

Viral load (RNA)
  < 500 1232 (61.11)

  > 500 784 (38.89)



Page 5 of 10Liu et al. BMC Psychiatry          (2022) 22:448  

Discussion
This is the first study that developed a symptom net-
work to explore bridge symptoms and interconnected-
ness between depression and anxiety in a large sample of 
PLWH with comorbid depressive and anxiety disorders. 
We found that “not feeling cheerful” and “not feeling 
relaxed” were two bridge symptoms between the depres-
sion and anxiety clusters. The network also showed 
stronger correlations between “not feeling cheerful” and 
“not feeling relaxed” and “feeling slowed down” and “lost 
interest in appearance” compared to other relationships. 
In the depression and anxiety subnetworks, “feeling 
slowed down” and “panic” were the core symptoms.

We found that “not feeling cheerful” and “not feeling 
relaxed” were the bridge symptoms in the depression 
and anxiety clusters, which indicated that these symp-
toms could serve as bridges between clusters. In com-
plex networks, bridge nodes are essential for calculating 
the co-occurrence of clusters [26]. This result is note-
worthy because a large number of PLWH may have both 
depressive and anxious symptoms at the same time due 
to stigma, intolerance of uncertainty, fear of death, and 
medications. Furthermore, previous studies reported 
that depressive and anxious symptoms could degener-
ate to a certain extent and finally lead to the comorbid-
ity of depression and anxiety disorders [27, 28]. It is 
accepted that PLWH may have one or a couple of nega-
tive emotions that are regarded as a defense mechanism 
protecting them from stress and trauma [29]. However, 
too many co-occurring symptoms may increase the con-
nectivity of the network, which is the prime property for 
detecting changes in prognosis [17]. Therefore, interven-
tions targeting bridge symptoms might be more efficient 

and precise than overall psychotherapeutic interventions 
in altering the interconnectedness between the subnet-
works of depression and anxiety [30].

To enhance the levels of perceived cheerfulness and 
relaxation, multiple psychotherapeutic strategies that 
are currently used to treat depressive and anxiety disor-
ders can be applied. Psychotherapy encompasses many 
aspects and approaches, and various treatments may 
focus on specific symptoms or age ranges to achieve 
better therapeutic outcomes. Previous research has sug-
gested that cognitive behavioral therapy may be most 
effective in reducing symptoms related to “worry” and 
that positive thought-based therapies may be most 
effective in reducing the inability to relax [31, 32]. The 
Adaptive Information Processing model and the thera-
peutic hierarchy have been shown to reduce worry-
related symptoms [33]. The introduction of computer 
games, a play therapy strategy, has also been found to 
relax children and adolescents [34].

Compared to these psychological therapies, posi-
tive psychology interventions such as meaning-oriented 
interventions, strength-building measures, optimistic 
interventions, kindness boosters, and multicomponent 
positive psychology interventions are more suited to tar-
get “not feeling cheerful” and “not feeling relaxed”. Thus, 
positive psychology could be used to enhance PLWH’s 
cheerfulness, psychological wellbeing, and positive cog-
nitions and emotions [35, 36]. Regarding the efficacy 
and effectiveness of positive psychology interventions, 
Hendriks and colleagues’ systematic review included 
50 randomized controlled trials and found that posi-
tive psychology interventions had only a small effect on 
depression and anxiety [37]. Previous studies further 

Table 2 Prevalence, severity, and predictability of all symptoms of depression and anxiety (n = 2016)

Symptoms Abbreviation Prevalence (n, %) Mean ± SD Predictability

Feeling tense or ‘wound up’ HADS1 1462 (72.52%) 1.89 ± 0.71 80.9%

Not enjoying the things that used to enjoy HADS2 1274 (63.19%) 1.93 ± 0.91 83.6%

Having frightened feeling as if something awful is about to happen HADS3 1528 (75.79%) 2.15 ± 0.86 76.2%

Not being able to laugh and see the funny side of things HADS4 1072 (53.17%) 1.92 ± 1.00 82.3%

Worrying thoughts go through mind HADS5 765 (37.95%) 1.56 ± 0.84 79.6%

Not feeling cheerful HADS6 1616 (80.16%) 2.59 ± 1.05 67.1%

Not sitting at ease and feeling relaxed HADS7 1659 (82.29%) 2.55 ± 1.11 70.3%

Feeling being slowed down HADS8 1511 (74.95%) 2.50 ± 1.07 65.0%

Having frightened feeling like ‘butterflies’ in the stomach HADS9 1637 (81.20%) 2.60 ± 1.34 71.7%

Lost interest in appearance HADS10 1513 (75.05%) 2.61 ± 1.67 66.0%

Feeling restless HADS11 1310 (64.98%) 1.87 ± 0.84 86.1%

Not looking forward with enjoyment to things HADS12 1234 (61.21%) 1.87 ± 0.85 85.4%

Getting sudden feelings of panic HADS13 1345 (66.72%) 1.86 ± 0.76 75.5%

Not enjoying a good book or radio or TV program HADS14 1077 (53.42%) 1.87 ± 1.04 86.2%
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showed that the effectiveness of positive psychological 
intervention could vary depending on PLWH’s age, race, 
education, and stress level [38, 39]. Although positive 
psychological interventions reported a low level of effec-
tiveness in decreasing the severity of anxiety and depres-
sion, our study provided a hypothesis based on empirical 
data: that enhancing cheerfulness can help cut off the 

bridge between depression and anxiety clusters. Psycho-
therapeutic interventions that may potentially improve 
cheerfulness can be included to help decrease the inter-
action between depression and anxiety. Future studies 
should examine this hypothesis and further identify the 
inter-cluster and trans-cluster functions of bridge symp-
toms, which may offer empirical evidence for developing 

Fig. 1 Characterization and interconnectedness of symptom networks. a Symptom network; b Accuracy of the symptom network; c Stability of 
the symptom network. HADS1: feeling tense or wound up; HADS2: not enjoying the things that used to enjoy; HADS3: having frightened feeling 
as if something awful is about to happen; HAD4: not being able to laugh and see the funny side of things; HAD5: worrying thoughts go through 
mind; HADS6: mot feeling cheerful; HADS7: not sitting at ease and feeling relaxed; HADS8: feeling being slowed down; HADS9: having frightened 
feeling like ‘butterflies’ in the stomach; HADS10: lost interest in appearance; HADS11: feeling restless; HADS12: not looking forward with enjoyment 
to things; HADS13: getting sudden feelings of panic; HADS14: not enjoying a good book or radio or TV program
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frameworks for real-world clinical interventions. In addi-
tion, longitudinal data are needed to explore PLWH’s 
dynamic networks, which can provide causality informa-
tion on how bridge symptoms affect both depression and 
anxiety clusters.

This study also found that there were strong correla-
tions among “cheerfulness”, “relaxation”, “being slowed 
down”, “lost interest in appearance”, and “butterfly feel-
ings”. These five symptoms comprised a “bridge section” 
in the whole network, indicating that symptoms in the 
bridge section were more engaged than other symptoms 
in aggregating depressive and anxious symptoms and 

preserving the integrity of the entire network of interac-
tions [40]. Although this study analyzed cross-sectional 
data and could not identify the true causality among 
symptoms, the predictability indicator could provide a 
hypothesis of causality interference in complex networks 
[14]. The predictability of five symptoms in the bridge 
section was lower than that of other symptoms. These 
results indicated that the changes in symptoms in the 
bridge section might be independent of all connected 
symptoms and that recommended therapy should inter-
vene with these symptoms directly [41]. Consistent with 
this discovery, previous studies also found that symptoms 

Fig. 2 Interconnectedness of nodes. HADS1: feeling tense or wound up; HADS2: not enjoying the things that used to enjoy; HADS3: having 
frightened feeling as if something awful is about to happen; HAD4: not being able to laugh and see the funny side of things; HAD5: worrying 
thoughts go through mind; HADS6: mot feeling cheerful; HADS7: not sitting at ease and feeling relaxed; HADS8: feeling being slowed down; 
HADS9: having frightened feeling like ‘butterflies’ in the stomach; HADS10: lost interest in appearance; HADS11: feeling restless; HADS12: not looking 
forward with enjoyment to things; HADS13: getting sudden feelings of panic; HADS14: not enjoying a good book or radio or TV program

Fig. 3 Node centrality. a Bridge node centrality; b Node centrality. HADS1: feeling tense or wound up; HADS2: not enjoying the things that used 
to enjoy; HADS3: having frightened feeling as if something awful is about to happen; HAD4: not being able to laugh and see the funny side of 
things; HAD5: worrying thoughts go through mind; HADS6: mot feeling cheerful; HADS7: not sitting at ease and feeling relaxed; HADS8: feeling 
being slowed down; HADS9: having frightened feeling like ‘butterflies’ in the stomach; HADS10: lost interest in appearance; HADS11: feeling restless; 
HADS12: not looking forward with enjoyment to things; HADS13: getting sudden feelings of panic; HADS14: not enjoying a good book or radio or 
TV program

(See figure on next page.)
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Fig. 3 (See legend on previous page.)
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with high predictability are only weakly connected with 
the causal effect of symptoms in the network [42, 43]. 
Therefore, in addition to the two main bridge symptoms 
(“not feeling cheerful” and “not feeling relaxed”), symp-
toms in the bridge section should also be considered as 
targets in psychotherapeutic interventions. Healthcare 
professionals should also be cautious when PLWH report 
high severity symptoms in the bridges section.

Limitations
Although this is the first study to develop a symptom 
network to explore bridge symptoms in PLWH with 
comorbid depressive and anxiety disorders, it has 
some limitations. First, our study had a cross-sectional 
design. Therefore, we could not establish causation 
among symptoms. Our study can only provide poten-
tial hypothesis for future longitudinal and intervention 
study. Second, this study recruited PLWH with comor-
bid depressive and anxiety disorders at treatment 
follow-ups in the outpatient department. The HADS 
scores for anxiety and depression were relatively low 
compared to those of inpatient PLWH. Third, our study 
did not analysis the influence of sociodemographic fac-
tors on the findings. In this study, the included PLWH 
were from urban settings. It remains unclear whether 
PLWH in rural areas differ. Future studies are needed 
to assess the external validity of our results in vari-
ous settings. Finally, survivorship bias may have influ-
enced the results, as PLWH without follow-up were 
not included in this study. Therefore, the prevalence, 
symptom severity, and centrality indices may have been 
underestimated.

Conclusion
Our study explored bridge symptoms and intercon-
nectedness between depression and anxiety in PLWH. 
We found that “not feeling cheerful” and “not feel-
ing relaxed” were two bridge symptoms between the 
depression and anxiety clusters. Future studies should 
utilize a longitudinal design to explore dynamic net-
works in PLWH, which can determine causal relation-
ships, such as how bridge symptoms affect both the 
depression and anxiety clusters. We recommend that 
healthcare professionals should take note when PLWH 
report severe bridge symptoms. To enhance the lev-
els of perceived cheerfulness and relaxation, positive 
psychology interventions such as meaning-oriented 
interventions, strength-building measures, optimistic 
interventions, kindness boosters, and multicomponent 
positive psychology interventions could be used to tar-
get symptoms such as “not feeling cheerful” and “not 
feeling relaxed”.
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