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Background: Mental disorder of people living with HIV (PLWH) has become a

common and increasing worldwide public health concern. We aimed to explore the

relationship between anxiety, depression, and sleep disturbance for PLWH from a

network perspective.

Methods: The network model featured 28 symptoms on the Hospital Anxiety and

Depression scale questionnaire and Pittsburgh Sleep Quality Index questionnaire in a

sample of 4,091 HIV-infected persons. Node predictability and strength were computed

to assess the importance of items. We estimated and compared 20 different networks

based on subpopulations such as males and females to analyze similarities and

differences in network structure, connections, and symptoms.

Results: Several consistent patterns and interesting differences emerged across

subgroups. Pertaining to the connections, some symptoms such as S12–S13

(“sleepy”—“without enthusiasm”) shown a strong positive relationship, indicating that

feeling sleepy was a good predictor of lacking enthusiasm, and vice versa. While

other symptoms, such as A3–D3 (“worried”—“cheerful”), were negatively related in all

networks, revealing that nodes A3 and D3 were bridge symptoms between anxiety and

depression. Across all subgroups, the most central symptom was A7 “panic” and S2

“awake”, which had the greatest potential to affect an individual’s mental state. While S3

“bathroom” and S5 “cough or snore” shown consistent lower node importance, which

would be of limited therapeutic use.

Conclusions: Mental conditions of PLWH varied considerably among subgroups,

inspiring psychiatrists and clinicians that personalized invention to a particular subgroup

was essential and might be more effective during treatment than adopting the same

therapeutic schedule.

Keywords: network analysis, people living with HIV (PLWH), anxiety, depression, sleep disturbance, hospital

anxiety and depression (HAD) scale, pittsburgh sleep quality index (PSQI) questionnaire
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INTRODUCTION

According to the National Health Commission of the People’s
Republic of China, there were approximately 958 thousand
people living with HIV (PLWH) as of October 2019 (1). By the
end of 2020, nearly 19 thousand people died of AIDS in China,
which was the disease with the highest number of reported death
(2). Living with HIV implies facing discrimination, perceiving
stigma, lacking support, and having sexual problems. Thus this
population usually have a high prevalence of mental health
problems such as anxiety, depression, sleep disturbance, and
autism and so on (3). Previous studies have reported that
over half of all PLWH suffer from mental health disorders (3,
4). The mental disorders are usually related to a wide range
of negative outcomes such as decreased quality of life, poor
psychosocial functioning, and high drug use (3, 5). This problem
thus has become a common and increasing worldwide public
health concern.

However, to date, this issue has been largely ignored and
insufficiently addressed in global policy guidelines (6). In China,
the treatment-seeking rate is <6% for disorders such as anxiety
and substance use disorders among general population, not to
mention PLWH (7, 8). In this line, there is a substantial need for
mental health services as well as the development of successful
targeted programs for psychological support and care among
PLWH. Many researchers have tried to understand the mental
disorder burden and seek treatment for PLWH. For instance,
Huang et al., (9) conducted a cross-sectional study in China,
attempting to identify risk factors of anxiety and depression
by using the logistic regression analysis for PLWH. Rihs et al.,
(10) demonstrated that patients prescribed the efavirenz had
experienced severe to extremely severe anxiety, depression, and
stress. Moskowitz et al., (11) conducted a randomized controlled
trial to identify whether a positive affect skills intervention
could improve emotion and psychological health in people newly
diagnosed with HIV. Chen et al., (12) used a qualitative and
biomedical approach to explore how sleep and energy levels were
affected in women diagnosed with HIV in China. Lee et al., (13)
conducted a cross-sectional study to characterize specific types of
sleep problems experienced by adults with HIV.

In recent years, the network approach to psychopathology
has been proposed as a novel way of analyzing mental disorders
(14). It has been successfully applied to many disorders such
as the posttraumatic stress disorder (15), depression (16),
substance abuse and dependence (17), and autism (18) and so
on. The previous network studies usually examined symptom
relationships and centrality within a single disorder. Few of
them attempted to analyze co-morbidity, which was extremely
common in the realm of psychopathology (19). Prior studies have
demonstrated that patients with multiple disorders at the same
time usually have poorer prognosis, worse treatment outcomes,
and higher suicide rates (20). Under this situation, we attempted
to explore the relationships between three common mental
disorders (i.e., anxiety, depression, and sleep disturbance) for
PLWH by using the network model. The network model can
portray a structure describing how all components interact,
which is an ability not available to traditional common cause

models. Thus we conducted a network analysis herein to
represent several disorders as a web of mutually influencing
symptoms attempting to provide promising leads toward clinical
prevention and intervention improvement. We believed the
current study could provide novel insights into the complex
relationships between anxiety, depression, and sleep disturbance.
To the best of our knowledge, this was the first network analysis
for the three mental disorders of PLWH.

METHODS

Participants
Data for the analyses carried out in the present study came from
4,101 HIV-infected persons who participated in a cross-sectional
study among 20 HIV treatment clinics across China. All enrolled
participants completed the Hospital Anxiety and Depression
(HAD) scale questionnaire (21) and the Pittsburgh Sleep Quality
Index (PSQI) questionnaire (22). The two questionnaires were
translated into Chinese for participants self-rating. The HAD
scale questionnaire consists of seven items on depression (HAD-
D) and anxiety (HAD-A), respectively. They both use a four-
point response scale such as ‘0=Not at all; 1 = Sometimes; 2
= Very often; 3 = Nearly all the time’. The PSQI questionnaire
is composed of 18 items measuring the quality and patterns of
sleep. Among them, 14 items are scored on a 0–3 scale, wherein
three reflects the negative extreme of sleep disorders. Each item
in the questionnaire is a symptom from a clinical standpoint and
is represented as a node in the network model.

Demographics and behavioral data were also collected
through the self-administered survey. Clinical data were
extracted from medical records, including current CD4+ cell
counts and current HIV RNA levels. Therefore, a total of
11 factors, namely age (18∼35 years and >35 years), gender
(male and female), education (<high school, high school, and
>high school), marital status (married and single), employment
(student, blue collar, and white collar), transmission route
(homosexual and heterosexual), HIV status disclosed to friends
(yes and no), HIV status disclosed to family (yes and no),
support from society/family (with and without), current CD4+
cell counts (≤350 cells/mm3 and >350 cells/mm3), and HIV
RNA levels (<50 copies/mL and ≥50 copies/mL) were included
in the present study as baseline characteristics for downstream
analyses. This study was approved by the Beijing You’an Hospital
institutional review board. All participants provided written
informed consent to complete a survey and extract their clinical
data from medical records.

Statistical Analyses
The rating scores of all items in HAD-A/D were summed
and the total score ≥8 on the anxiety and depression items
indicated positive signs for anxiety and depression (21). The
participants with a score >5 on PSQI were considered to be at
high risk of sleep disturbance (22). We used the Pearson χ

2-
tests to compare proportions among the abovementioned 11
factors and the three mental disorders (i.e., anxiety, depression,
and sleep disturbance). All P-values were two-sided, and P <
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0.05 were considered significant. These analyses were conducted
using SPSS 25.0.

Network Analyses
According to the Pearson χ

2-tests, we identified the factors
showing significant differences in any mental disorders. This
univariate statistical inference was intuitive and easy-to-
understand without considering pairwise relations of all
symptoms in the questionnaire. Thus, we further conducted
the network analysis for a comprehensive consideration and
thorough comparison in the symptom-level of the HAD and
PSQI questionnaires. The software R (version 3.6.1, open source,
available at https://www.r-project.org/) was used to carry out
the network analysis. Packages and functions used in this
study included estimate Network (bootnet package) (23) for
network construction, glasso (qgraph package) (24) for network
estimation and visualization, and mgm (mgm package) (25) for
node predictability.

Due to the requirements of network analysis, 14 items with
an ordinal scale in the PSQI questionnaire and all 14 items
in the HAD questionnaire were used to build networks in this
study.Table 1 provides a detailed description of these items. Note
that items A4, D1, D2, D3, D6, and D7, were reverse scored
to ensure data quality. For better understanding, we rearranged
these items’ scores.

Network Estimation
We first estimated one network for each subgroup based on
each group’s total sample of participants. We then calculated a
regularized partial correlation network (26). The Graphical lasso
(least absolute shrinkage and selection operator) (24) was used
herein to regularize the parameters and avoid the estimation of
spurious connections by setting very small edges to zero. Then
we visualized the network, wherein an edge’s weight represented a
regularized partial correlation between two nodes controlling all
other nodes in the network. Edges for positive correlations were
printed in dark green, and those for negative ones in red. The
stronger a connection, the thicker and more saturated an edge
was. Finally, we set the maximum edge value across all networks
to 0.40 and a minimum value of 0.05 in all networks to enhance
the interpretability of the graphs.

Network Inference
We further calculated the relative and the absolute importance
measure for each node to seek potential risk factors or treatment
inventions for mental disorders of the HIV-infected persons. The
centrality of nodes, which is used to identify central nodes, is a
relative measurement for node importance and a key in network
analysis (27–29). There are three common centrality measures:
node strength, closeness, and betweenness (30). Node strength is
a basic indicator and is often used as a first step when studying
networks. It sums all edges of a given symptom with all other
symptoms, estimating how strongly a node is directly connected
within a network. A node with high strength is likely to activate
many other nodes and maybe a good target for intervention from
a clinical standpoint (31, 32). Therefore, we used node strength

TABLE 1 | Study items in the hospital anxiety and depression scale questionnaire

and the pittsburgh sleep quality index questionnaire.

Node Item/Symptom Description

A1 I feel tense or “wound up” Tense

A2 I get a sort of frightened feeling as if something

awful is about to happen

Frightened

A3 Worrying thoughts go through my mind Worried

A4 I can sit at ease and feel relaxed Relaxed

A5 I get a sort of frightened feeling like “butterflies”

in the stomach

Extreme fear

A6 I feel restless as I have to be on the move Restless

A7 I get sudden feelings of panic Panic

D1 I still enjoy the things I used to enjoy Enjoy things

D2 I can laugh and see the funny side of things Laugh

D3 I feel cheerful Cheerful

D4 I feel as if I am slowed down Dull

D5 I have lost interest in my appearance No dressing up

D6 I look forward with enjoyment to things Expect everything

D7 I can enjoy a good book or radio or TV program Enjoy something

S1 Cannot get to sleep within 30min Insomnia

S2 Wake up in the middle of the night or early

morning

Awake

S3 Have to get up to use the bathroom Bathroom

S4 Cannot breathe comfortably Comfortless

breath

S5 Cough or snore loudly Cough or snore

S6 Feel too cold Cold

S7 Feel too hot Hot

S8 Have bad dreams Dreams

S9 Have pain Pain

S10 Other reason(s) Other

S11 During the past month, how often have you

taken medicine (prescribed or “over the

counter”) to help you sleep?

Medicine

S12 During the past month, how often have you

had trouble staying awake while driving, eating

meals, or engaging in social activity?

Sleepy

S13 During the past month, how much of a problem

has it been for you to keep up enthusiasm to

get things done?

Without

enthusiasm

S14 During the past month, how would you rate

your sleep quality overall?

Self-rate sleep

quality

as the main indicator to comment on centrality throughout
the article.

We also calculated the node predictability for each node in
the networks. Node predictability, an absolute measure of the
interconnectedness of a node, is the percentage of the variance of
a given node explained by its surrounding nodes (25). It describes
the degree to which a given node can be predicted or determined
by all other nodes in the network and may help to inform
intervention strategies (33). Node predictability is represented in
the network as a blue pie chart surrounding the node. Greater
node predictability, larger surrounded pie chart.
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Generally, we first built network models for all subgroups
split according to stratification factors. Then we compared
a pair of networks’ complexity, structure, and edge weights.
Simultaneously, we compared the strength and predictability of
each node between the paired networks and analyzed the role it
played in different subgroups.

RESULTS

Baseline Characteristics
In this study, after excluding six youngsters and four duplicates,
we identified a total of 4,091 HIV-infected adults eligible for
data analysis. Overall, 78.0% of the participants were male.
The enrolled subjects were 18–81 years old (mean ± standard
deviation, 38± 11.7 years). Approximately 40.0% of participants
were infected through anal sex, and 57.1% had a current CD4+ T
cell count over 350 cells/mm3, and 40.8%were virally suppressed.
Over 60% had disclosed their HIV status to their familymembers,
and close to 70% had support from their family members or
society. In contrast, just over one-quarter had disclosed their
status to a friend (Table 2).

As shown in Table 2, the sleep disturbance rate of participants
whose transmission route was homosexual was about 10% higher
than that of participants infected with heterosexuality (P <

0.001). On the contrary, the depression rate of participants
infected with homosexuality was about 6% lower than that of
participants whose transmission route was heterosexual (P <

0.001). The HIV-infected persons without spouses also shown a
10% higher sleep disturbance rate than thosemarried (P< 0.001).
Student infectors with the anxiety and depression rate of 33.3
and 42.6% far exceeded blue collars and white collars (both P
< 0.001). Furthermore, persons feeling supported by society and
family had significantly lower rates of anxiety, depression, and
sleep disturbance than those without support (all P < 0.001).

There were significant variations in the proportion of
depression among all 11 factors except for current CD4+ cell
counts and current HIV RNA levels. Actually, no significant
variations in the two clinical factors were found among the three
mental disorders. Therefore, we excluded the current CD4+ cell
counts and HIV RNA levels, leaving nine stratification factors
that showed significant variations in the proportion of anymental
disorders for further network analyses.

Item Networks
In this section, we built 20 networks for nine stratification factors.
Each network featured 28 mental disorder symptoms related
to anxiety, depression, and sleep disturbance. Using a network
model, we investigated the differences and similarities in mental
disorder symptoms between individuals split by each factor.
Figure 1 shows two pairs of networks for males and females, and
participants infected with heterosexuality and homosexuality.
Others can be found in the Supplementary Figure 1.

Overview of Networks
The average value of all edges’ absolute weights was 0.07 (range,
0–0.40). Going through the 20 networks, several interesting
symptom connections were found. For instance, there was a very

strong positive connection between nodes S12 ‘sleepy’ and S13
‘without enthusiasm’ in each network with an average weight
of 0.36 ± 0.026. This result implied that feeling sleepy was a
good predictor of lacking enthusiasm, and vice versa. In addition,
associations between S1–S2 (‘insomnia’—‘awake’) and S2–S3
(‘awake’—‘bathroom’) were presented across 20 networks with
the average weights of 0.31 ± 0.031 and 0.33 ± 0.023, separately.
Anxiety symptoms A1 ‘tense’, A2 ‘frightened’, A5 ‘extreme fear’,
and A7 ‘panic’ also showed strong positive connections with the
average weights of 0.29 ± 0.028 for A1–A2, 0.27 ± 0.037 for
A2–A7, and 0.25 ± 0.023 for A5–A7, respectively, implying a
consistent pattern across subgroups.

In contrast, nodes A3 ‘worried’ and D3 ‘cheerful’ were
negatively related with an average weight of −0.25 ± 0.021.
This finding mean that nodes A3 and D3 were bridge symptoms
between anxiety and depression. Additionally, sleep symptoms
were almost completely independent with anxiety and depression
symptoms in networks for males, blue collars, participants with
support from society/family, and participants who had disclosed
their HIV status to family members.

Subgroup Analysis
We then estimated and compared networks for each stratification
factor to explore the unique patterns of symptom interactions
within each subgroup. Apparently, the network built for females
with 86 edges was more complex than that for males with 76
edges (Figure 1). Female sleep quality was tightly related to their
anxiety and depression symptoms. In addition, there was no
edge between nodes S11 ‘medicine’ and S12 ‘sleepy’ for males
and participants with homosexual transmission, indicating that
the two nodes were independent controlling for other nodes in
the networks. However, the two nodes were strongly connected
in networks for females and participants with heterosexual
transmission with weights of 0.25 and 0.21, separately. Such
difference in association was also found for nodes S5 ‘cough
or snore’ and D7 ‘enjoy something’ between networks for males
(weight, 0) and females (0.20).

Additionally, some connections were merely observed in
specific subpopulations. For example, nodes A4 ‘relaxed’ and
S11 ‘medicine’ were independent after controlling other nodes
in all networks except for those built on females (weight, −0.14)
and participants with homosexual transmission (−0.13). Besides,
the connection between nodes D2 ‘laugh’ and S11 ‘medicine’
was merely found in the network built on students with the
edge weight of −0.14. Nodes A5 ‘extreme fear’ and D6 ‘expect
everything’ were solely negatively related in the networks built on
blue collars (weight, −0.12) and participants that disclosed HIV
status to friends (−0.15). Nodes S11 ‘medicine’ and S14 ‘self-rate
sleep quality’ were independent except for the network built on
white collars with the weight of 0.19.

Network Inference
Node Centrality
The standardized estimates of node strength were presented in
Figure 2. It can be seen that nodes differ quite substantially
in their centrality estimates. Nodes A7 ‘panic’ and S2 ‘awake’
had consistent high strength among all networks. Meanwhile,
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TABLE 2 | Characteristics of 4,091 HIV-infected persons (n[%]).

Characteristics HAD-A# HAD-D* PSQI$

No anxiety Anxiety P-value No Depression Depression P-value No sleep Sleep disturbance P-value

(n=2967) (n = 1,124) (n = 2,744) (n = 1,347) disturbance (n = 2,195) (n = 1,667)

Age 0.914 <0.001 0.108

18∼35, years 2,024 (49.5) 1,466 (72.4) 558 (27.6) 1,441 (71.2) 583 (28.8) 1,069 (55.6) 792 (41.9)

>35, years 2,017 (49.3) 1,464 (72.6) 553 (27.4) 1,273 (63.1) 744 (36.9) 1,100 (58.1) 855 (44.4)

Gender 0.103 0.001 0.643

Male 3,193 (78.0) 2,337 (73.2) 856 (26.8) 2,187 (68.5) 1,006 (31.5) 1,710 (56.7) 1,306 (43.3)

Female 830 (20.3) 584 (70.4) 246 (29.6) 518 (62.4) 312 (37.6) 450 (57.6) 331 (42.4)

Education 0.397 <0.001 0.003

< High school 1,527 (37.3) 1,109 (72.6) 418 (27.4) 918 (60.1) 609 (39.9) 870 (60.4) 571 (39.6)

High school 984 (24.1) 697 (70.8) 287 (29.2) 651 (66.2) 333 (33.8) 518 (55.6) 414 (44.4)

>High school 1,520 (37.2) 1,114 (73.3) 406 (26.7) 1,135 (74.7) 385 (25.3) 779 (54.2) 657 (45.8)

Transmission route 0.284 <0.001 <0.001

Heterosexual 1,596 (39.0) 1,186 (74.3) 410 (25.7) 1,043 (65.4) 553 (34.6) 937 (62.5) 563 (37.5)

Homosexual 1,534 (37.5) 1,114 (72.6) 420 (27.4) 1,096 (71.4) 438 (28.6) 767 (52.9) 684 (47.1)

Marital status 0.900 <0.001 <0.001

Married 1,695 (41.4) 1,242 (73.3) 453 (26.7) 1,098 (64.8) 597 (35.2) 990 (62.3) 599 (37.7)

Single 1,709 (41.8) 1,249 (73.1) 460 (26.9) 1,217 (71.2) 492 (28.8) 855 (52.4) 777 (47.6)

Employment <0.001 <0.001 0.017

Student 828 (20.2) 552 (66.7) 276 (33.3) 475 (57.4) 353 (42.6) 420 (53.4) 367 (46.6)

Blue collar 1,558 (38.1) 1,128 (72.4) 430 (27.6) 1,025 (65.8) 533 (34.2) 872 (59.5) 594 (40.5)

White collar 1,155 (28.2) 867 (75.1) 288 (24.9) 856 (74.1) 299 (25.9) 615 (56.3) 477 (43.7)

HIV status disclosed to friends 0.132 0.001 0.001

Yes 1,089 (26.6) 809 (74.3) 280 (25.7) 775 (71.2) 314 (28.8) 543 (52.3) 495 (47.7)

No 2,987 (73.0) 2,148 (71.9) 839 (28.1) 1,959 (65.6) 1,028 (34.4) 1,643 (58.5) 1,167 (41.5)

HIV status disclosed to family 0.038 0.021 0.029

Yes 2,457 (60.1) 1,812 (73.7) 645 (26.3) 1,615 (65.7) 842 (34.3) 1,350 (58.2) 970 (41.8)

No 1,623 (39.7) 1,149 (70.8) 474 (29.2) 1,123 (69.2) 500 (30.8) 837 (54.6) 695 (45.4)

Support from society/family <0.001 <0.001 <0.001

With 2,797 (68.4) 2,113 (75.5) 684 (24.5) 1,987 (70.9) 813 (29.1) 1,555 (58.8) 1,089 (41.2)

Without 1,234 (30.2) 816 (66.1) 418 (33.9) 724 (58.7) 510 (41.3) 611 (52.5) 553 (47.5)

Current CD4+ cell count 0.362 0.321 0.242

≤350, cells/mm3 1,721 (42.1) 1,235 (71.8) 486 (28.2) 1,139 (66.2) 582 (33.8) 898 (55.7) 713 (44.3)

>350, cells/mm3 2,338 (57.1) 1,708 (73.1) 630 (26.9) 1,582 (67.7) 756 (32.3) 1,729 (57.6) 940 (42.4)

Current viral load 0.428 0.164 0.900

<50, copies/mL 1,668 (40.8) 1,203 (72.1) 465 (27.9) 1,089 (65.3) 579 (34.7) 885 (56.5) 682 (43.5)

≥50, copies/mL 1,777 (43.4) 1,303 (73.3) 474 (26.7) 1,200 (67.5) 577 (32.5) 952 (56.5) 733 (43.5)

#The total score ≥8 on the HAD-A indicated anxiety.

*The total score ≥8 on the HAD-D indicated depression.
$The total score >5 on the PSQI indicated sleep disturbance. Totally 229 participants with missing values on the PSQI were excluded when analyzing sleep disturbance.

HAD, Hospital Anxiety and Depression scale questionnaire; PSQI, Pittsburgh Sleep Quality Index questionnaire.
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FIGURE 1 | Networks featuring 28 symptoms on the Hospital Anxiety and Depression scale questionnaire and the Pittsburgh Sleep Quality Index questionnaire for (A)

males, (B) females, (C) participants infected with heterosexuality, and (D) participants infected with homosexuality. Green lines represent positive associations, and red

lines negative ones. The thickness and brightness of an edge indicate the association strength. Node predictability is represented as a blue pie chart surrounding the

node in the network.

nodes S3 ‘bathroom’ and S5 ‘cough or snore’ showed the lowest
strength. Other symptoms, such as S6 ‘cold’ varied substantially
across networks built on patients with different ages, gender,
educations, transmission routes, and marital status in terms
of strength.

Node Predictability
Some nodes shown consistently higher or lower predictability in
all networks, whereas others varied considerably. Node A7 ‘panic’
yielded the highest average node predictability of 47% (range,
43–49%), meaning it shared 47% of variance with surrounding
items. It was followed by nodes A2 ‘frightened’ and S2 ‘awake’,
with the average predictability of 46% (42–50%) and 41% (38–
48%), respectively. It is plausible that an intervention on the
surrounding symptoms of panic, frightened, and awake may
have a considerable impact on these mental problems. On the
contrary, nodes S11 ‘medicine’, S5 ‘cough or snore’, and S3
‘bathroom’ shown consistent lower node predictability.

Besides, some nodes had quite a different node predictability
when estimated in different item networks. Node predictability
of S4 ‘comfortless breath’ in the network for participants without
support from society/family was twice as much on those with
support (31 vs. 16%). Also, variations were found in networks
built on participants with different employments. For instance,
node predictability of A1 ‘tense’ varied from 37–48% among
networks built on students, blue collars, and white collars, as
well as D1 ‘enjoy things’ (19–31%), S1 ‘insomnia’ (35–45%),
S2 ‘awake’ (38–48%), S4 ‘comfortless breath’ (18–29%), and S13
‘lack of enthusiasm’ (28–40%). Supplementary Tables 1, 2 list all
predictability of nodes representing items in HAD questionnaire
and PSQI questionnaire, respectively.

DISCUSSION

In this study, we conducted a network analysis to provide an
analytic framework, aiming to examine the association among
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FIGURE 2 | Node centrality of each node in all subgroup networks. (A) Age. (B) Sex. (C) Education. (D) Transmission route. (E) Marital status. (F) Employment. (G)

HIV status disclosed to friends. (H) HIV status disclosed to family. (I) Support from society/family. Strength are plotted using standardized z-scores in order to facilitate

interpretation.

symptoms of anxiety, depression, and sleep disturbance in
PLWH. This was, to our knowledge, the first application of
network analysis on the HAD and PSQI symptoms for PLWH.

First of all, the network model in the present study provided a
new perspective on understanding the co-occurrence of mental
illness for PLWH. We found that anxiety, depression, and
sleep disturbance were entangled in the networks. Especially,
anxiety and depression symptoms were strongly interconnected
in all networks, aligning with the conclusion of previous studies
that comorbidity between depressive and anxiety was common
(34, 35). This finding implied that anxiety acted as a trigger

for depression, and if symptoms of anxiety were present, the
risk of the onset of symptoms of the depression might rise
correspondingly, and vice versa (36). On the other hand, among
all subgroups, connections between symptoms within each
disorder were higher than connections between disorders. The
reason might be that symptoms describing a disorder belonged
to the same questionnaire, and often co-occurred and closely
connected in the network. This was consistent with the finding
of a previous study (35). We also found that nodes S11 ‘medicine’,
A3 ‘worried’, and D3 ‘cheerful’ were bridge symptoms that could
spread activation from one disorder to another. Such bridge
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symptoms are essential in the development and maintenance of
comorbidities (37). As a result, psychiatrists may prevent and
treat comorbidities from the perspective of bridge symptoms
for PLWH.

In addition, the comparison of nine pairs of networks revealed
some noteworthy similarities as well asmarked differences, which
might provide valuable inspirations and future guidance for
improving HIV persons’ mental health. For example, participants
that felt supported by society/family or disclosed HIV status to
family members shown a significantly less likelihood of sleep
disturbance. And the two population’s sleep symptoms were
almost completely independent of symptoms of HAD in network
models. This was an inspiring finding because a more sparsely
connected network of symptoms indicated a better prognosis
from a clinical standpoint (38). Thus building a harmonious and
friendly social environment was the first andmost important step
to alleviate mental disorders of the HIV-infected persons.

In contrast, in a tightly connected network, activation of one
symptom could quickly spread to other symptoms, leading to
more symptoms over time. In this study, females and student
infectors shown densely connected networks, possibly because
the two populations were usually with vulnerable psychological
states and huge mental burdens. Under such circumstances,
living and coping with HIV became more challenging compared
to other subpopulations. As a consequence, females and student
infectors were easy to suffer quality of sleep, anxiety, and
depression. More attention and closer watch should be paid to
such populations.

Our study also found that some symptoms shown consistent
high strength among all networks. These symptoms thus had a
higher probability of triggering other symptoms and predicting
a clinical outcome (30). For example, if someone developed a
central symptom such as A7 (I get sudden feelings of panic),
he was more likely to develop other symptoms than those who
developed a peripheral symptom such as S11 (During the past
month, how often have you taken medicine (prescribed or “over
the counter”) to help you sleep?) (32). An intervention targeting
such symptoms would have the greatest potential to push the
entire network into a healthier state and affect the status of
an individual’s mental state, whereas a low centrality symptom
would be of limited therapeutic use (17). Therefore, in this study,
symptoms with strong strength, namely A7, S2, and S4, were
important symptoms and signs for predicting mental disorders
as well as promising candidates for the intervention of PLWH.

On the other hand, some symptoms differed considerably in
their node predictability across subgroups, aligning with previous
studies that the psychometric properties of symptoms usually
differed across subgroups (17, 39). Predictability can reflect the
controllability of the network. That is, for a node with high
predictability, we can control it via its neighboring nodes. On
the contrary, when the predictability of a node is low, we can
directly intervene in itself (33). In this study, S4 ‘comfortless
breath’ showing lower node predictability for participants with
support from society/family than those without support. Thus,
an intervention on sleeping disordered breathing problems may
be effective for the former subpopulation. These results inspired
psychiatrists and clinicians that personalized invention to a

particular subgroup was essential and might be more effective
during treatment than adopting the same therapeutic schedule.

Moreover, we found that much symptom pairs varied in
whether and how strongly they related to each other in different
subgroups. For example, the edge between nodes S5 (Cough or
snore loudly) and D7 (I can enjoy a good book or radio or TV
program) ranged from strong for females to absent for other
subgroups. Based on the network perspective, two symptoms
with a strong connection could influence each other directly (30).
Thus a symptom’s deterioration might lead to a series of adverse
progression, and vice versa. When this sort of strong/absent
connection solely occurred in a specific subgroup such as S5-D7
abovementioned, psychiatrists could intervene on this subgroup
specifically instead of applying the same treatment globally.
However, it was still unclear which symptoms caused another and
why symptoms pairs varied in connections in different networks.
Future research may shed more light on the mechanisms of
symptoms association’s variance among different subgroups.

Furthermore, some of these results, to our knowledge, are
exclusively observed in the network of the current study.
For instance, a prior study (35) reported that ‘worried’ was
the most central anxiety symptom to the network built for
enrolled participants. However, in this study, ‘worried’ was not
central across all networks built for subpopulations, and anxiety
symptom ‘panic’ was the most central one based on PLWH.
Briganti et al., (16) found that the networks built for females and
males’ depression symptoms were substantially similar regarding
global strength, network structure, and edge values, whereas the
networks estimated for the two subpopulations differed a lot in
our experiments for PLWH. Such findings may be unique in the
current study because patients infected with HIV usually suffered
more difficult situations compared to the general population,
such as facing discrimination, perceiving stigma, lacking support,
and having sexual problems. Therefore, we used the network
analysis in conjunction with subgroup analysis herein, aiming to
provide more personalized advice for treating mental disorders
of PLWH.

The current study also had several limitations. First, the
present network models reflected the average results over many
individuals belonging to the same subgroup, which could not
provide person-level instructions for psychiatrists. Second, four
out of 18 items in the PSQI questionnaire were excluded from
the network analyses. This omission might substantially alter
the relationships among nodes. Finally, we could not make
casual inferences from results based on this cross-sectional
dataset. The longitudinal data will be collected and used to
infer whether a given symptom causes another symptom in the
future study.

CONCLUSIONS

We conducted a network analysis based on the self-report
data about HAD and PSQI of the HIV-infected persons in
this study. The network analysis based on different subgroups
revealed some noteworthy similarities as well as marked
differences, giving new insight into relations among symptoms of
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mental disorders and inspiring psychiatrists and clinicians that
personalized invention to a particular subgroup was essential
and might be more effective during treatment than adopting
the same therapeutic schedule. This network analysis had the
potential to provide future guidance for the mental health
treatment for PLWH.
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