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Purpose: Neuropsychiatric adverse events (NPAEs) occur frequently in people living with human immunodeficiency virus (PLWH) 
receiving antiretroviral therapy (ART). This study aimed to assess the dynamic trends and risk factors of NPAEs among PLWH in 
Hangzhou taking efavirenz (EFV)- or dolutegravir (DTG)- or elvitegravir (EVG)-based regimens.
Patients and Methods: A total of 287 ART-naive PLWH were included in this study, EFV (400mg)- (n = 122), EFV (600mg)- (n = 
37), DTG- (n = 73), EVG-based (n = 47) and other ART regimens (n = 8) as the initial ART regimen were administered for 12 months. 
All data were collected at five time points within a 12-month follow-up. The Pittsburgh Sleep Quality Index and Hospital Anxiety and 
Depression Scale were used to evaluate sleep disorders and anxiety and depression symptoms, respectively. The dynamic trends and 
potential risk factors of NPAEs were investigated using a generalized linear mixed model.
Results: Mean age was 29.4 (SD: 7.5) years with 97.2% males. After 12 months of ART, the prevalence of sleep disorders and anxiety 
decreased significantly, although only a slight improvement was observed for depression. In addition, there was a significant positive 
correlation between sleep disorders, anxiety, and depression. The risk factors for NPAEs differed slightly depending on the choice of 
ART regimen, but the seven factors most commonly associated with NPAEs were age, sex, marital status, education level, smoking 
status, body mass index, and WHO clinical stage. Treatment-induced changes in CD4-positive T-cell count and virological suppression 
did not depend on the particular choice of ART regimen.
Conclusion: The prevalence of sleep disorders and anxiety changed significantly over time on ART and the risks of these disorders 
were associated with seven common clinical and demographic factors.
Keywords: sleep disorders, anxiety, depression, antiretroviral therapy, people living with HIV

Introduction
Acquired immunodeficiency syndrome, the disease caused by human immunodeficiency virus (HIV), is a great threat to 
public health.1 People living with HIV (PLWH) face persistent worldwide discrimination that increases the risk for 
psychiatric disorders including sleep disorders, anxiety, depression, and others.2,3 Previous study reported that the 
neuropsychiatric problems such as sleep disorders, anxiety, and depression are prevalent among PLWH worldwide.4 

Such as, a meta-analysis in China among PLWH estimated the prevalence of having depression was more than 50%,5 
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which was up to seven-fold higher than the general population.6 These neuropsychiatric problems are usually related to 
a wide range of negative outcomes such as decreased quality of life, poor psychosocial functioning, low patient 
adherence or even suicidal ideation.7

Currently, antiretroviral therapy (ART) is the most effective way to block viral replication and improve immune status, but 
this therapy does not relieve the burden of psychiatric disorders experienced by PLWH. Previous study revealed one of the 
main causes of neuropsychiatric problems in PLWH is side effects of ART.8 Neuropsychiatric adverse events (NPAEs) are the 
primary reason for treatment discontinuation, and the development of suitable personalized treatments for PLWH requires 
a deeper understanding of the symptoms and risk factors of NPAEs following ART.9

Antiviral drugs and treatment regimens are under constant and ongoing development that varies by country. 
Efavirenz (EFV)-based ART is a former worldwide first-line treatment that is still commonly used in some resource- 
limited settings.10 Although EFV is highly efficacious in reducing HIV viral loads, its clinical use is reported to be 
associated with NPAEs, including confusion, dizziness, nightmares, sleep disturbances, anxiety, and depression.3 So 
far, EFV-associated NPAEs have been reported in Africa,11–13 Europe,14 and other locations.15–18 The integrase strand- 
transfer inhibitors raltegravir, elvitegravir (EVG), dolutegravir (DTG), and bictegravir are approved by the US Food 
and Drug Administration for treatment-naive individuals initiating ART.19 Adoption of DTG-based ART is increasing 
in European countries and economically developed areas,20,21 and the risks of DTG-associated NPAEs including 
anxiety, depression and other symptoms have been studied.20–22 In China, ART commonly involves three-drug 
regimens with either EFV or DTG plus two nucleoside reverse transcriptase inhibitors (for example, tenofovir 
disoproxil fumarate and lamivudine),23 or EVG with tenofovir alafenamide and emtricitabine.24 Data on NPAEs has 
come primarily from studies with EFV-based regimens,18,25 and there is a lack of clinical studies on DTG or EVG- 
associated NPAEs in China.

In the study, we have addressed 2 vital issues. First, we report a real-world study of ART regimens-associated 
dynamic trends of NPAEs in PLWH in China based on 12-month follow-up. Secondly, the risk factors of three different 
ART (DTG or EVG or EFV)-associated NPAEs were identified. Our study contributes to proper treatment decision- 
making for PLWH by characterizing the efficacy of different ART regimens and further enriching symptom management 
knowledge for PLWH in China.

Materials and Methods
Study Populations
In this real-world, observational cohort study, we recruited 320 PLWH who initially received standardized ART treatment 
from 1 January 2021, to 31 December 2022, at Xixi Hospital in Hangzhou, the largest AIDS designated hospital in 
Zhejiang Province. Registered PLWH in our hospital mainly contain factory workers, university students and community 
population. The sample size was calculated by using the univariate repeat sampling method through PASS15 online 
software. The inclusion criteria were as follows: (1) a positive diagnosis of HIV confirmed by Western blot, (2) age ≥ 18 
years, (3) no pregnancy in the previous 3 months, (4) willingness to complete the Pittsburgh Sleep Quality Index (PSQI) 
and Hospital Anxiety and Depression Scale (HADS) scales with regular follow-ups, and (5) signed written informed 
consent. Exclusion criteria were as follows: (1) any condition that prohibits completion of the study questionnaires, (2) 
diagnosis with an ongoing psychiatric illness or have a history of psychiatric illness, and (3) pharmacological treatment 
for psychiatric problems. Collected baseline data included demographic characteristics (age, sex, marital status, education 
level, body mass index (BMI), HIV transmission route, smoking status, drinking status, and mental health status before 
ART) and disease characteristics (baseline HIV-RNA, baseline CD4-positive T-cell count (CD4-count), WHO clinical 
stage, duration between HIV diagnosis and initiation of ART, syphilis status, and hepatitis B status) by the Electronics 
Medical Records (EMR) management system.

Study Procedures
All participants were followed for 12 months after beginning treatment by online questionnaires. They were assessed at 
baseline (M0) and at 1 month (M1), 3 months (M3), 6 months (M6), and 12 months (M12) for NPAEs after initiating 
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ART with various regimens. At each time point, sleep disorders were evaluated using the PSQI, whereas anxiety and 
depression symptoms were assessed using the HADS. The data obtained from the questionnaire were captured, 
summarized and analysed by two case managers. During the follow-up, 33 PLWH were excluded for incomplete follow- 
ups (n = 15) and data (n = 18), leaving 287 PLWH for inclusion in the study (Figure 1).

Operational Definitions
BMI: WHO defines overweight as a BMI of 25 or higher and obesity as a BMI of 30 or higher. Previous study have 
verified the BMI cutoff values of 24 for overweight and 28 for obesity among Chinese adults.26 If your BMI is less than 
18.5, it falls within the underweight range. If your BMI is 18.5 to < 24, it falls within the healthy weight range. If your 
BMI is 24 to < 28, it falls within the overweight range. If your BMI is 28 or higher, it falls within the obesity range.

WHO clinical stage: It is one of the indicators of patient status and classified as I, II, III and IV depending on some 
clinical parameters. The World Health Organization (WHO) classifies HIV into four stages.27 In this study, we have 
classified as I or II or III or IV. Clinical stage I: 3 clinical manifestations (asymptomatic infection, persistent generalized 
lymphadenopathy and acute retroviral infection); Clinical stage II: 4 clinical manifestations (unintentional weight loss of 
more than 10% body weight, minor mucocutaneous manifestations, herpes zoster within previous 5 years and recurrent 
upper respiratory tract infections); Clinical stage III: 8 clinical manifestations (unintentional weight loss of more than 
10% body weight, chronic diarrhea for longer than 1 month, prolonged fever for longer than 1 month (constant or 
intermittent), oral candidiasis, oral hairy leukoplakia, pulmonary tuberculosis within the previous year, severe bacterial 
infections, vulvovaginal candidiasis); Clinical stage IV: 17 clinical manifestations (HIV wasting syndrome, pneumocystis 
carinii (juvenii) pneumonia (PCP)), toxoplasmosis of the brain, crytosporidiosis with diarrhea for longer than 1 month, 
isosporiasis with diarrhea for longer than 1 month, cryptococcosis, extrapulmonary, cytomegalovirus disease of an organ 
other than liver or spleen or lymph node, herpes simplex virus infection, mucocutaneous, progressive multifocal 
leukoencephalopathy, any disseminated endemic mycosis (eg histoplasmosis), candidiasis of the esophagus, trachea, 
bronchi, or lung, atypical mycobacteriosis, disseminated, non-typhoid Salmonella septicemia, extrapulmonary tubercu
losis, lymphoma, kaposi’s sarcoma, HIV encephalopathy).

Figure 1 Study profile for follow-up. A total of 287 ART-naive PLWH were included in this study. All data were collected at five time points within a 12-month follow-up. 
Abbreviations: M0, before ART; M1, 1-month after ART; M3, 3-month after ART; M6, 6-month after ART; M12, 12-month after ART; PSQI, Pittsburgh Sleep Quality Index; 
HADS, Hospital Anxiety and Depression Scale.
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Evaluation of Sleep Quality
Sleep quality was assessed using the PSQI; the assessment has 19 items across 7 component dimensions (subjective sleep 
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medications, and 
daytime dysfunction).28 Each component score ranges from 0–3 and the global score is the total of the seven component 
scores (range: 0–21).29 The global score reflects the severity of sleep disorders: 0–5, none; 6–10, mild; 11–15, moderate; 
and 16–21, severe.30 The Cronbach’s alpha coefficient of this scale for PLWH in China was 0.78.31

Evaluation of Anxiety and Depression
Anxiety and depression were assessed using the HADS;32 HADS-A consists of seven items assessing anxiety symptoms 
and HADS-D consists of seven items evaluating depressive symptoms.33,34 Each item is scored on a 4-point Likert scale 
(0–3) and total scores range from 0–21.35 For HADS-A and HADS-D, the following score reflects the severity of anxiety 
or depression: 0–7, none; 8–10, mild; 11–14, moderate; and 15–21, severe.36 The Cronbach’s alpha coefficient for this 
scale among PLWH in China was 0.904, with 0.869 for the anxiety subscale and 0.807 for the depression subscale.37

Exposure and Outcome Variables
The exposure variables include age, sex, transmission route, marital status, education level, smoking, BMI, WHO clinical 
stage, baseline HIV-RNA (copies/mL). The outcome variables consist of PSQI, HADS-A and HADS-D scores. A PSQI 
score > 5 yielded a diagnosis in distinguishing good and poor sleep quality. The higher score indicates the worse sleep 
quality. The patients with HADS-A or HADS-D scores of > 7 points were regarded as being just suggestive of the 
presence of anxiety or depression, and higher scores indicate worse severity of anxiety or depression.

Statistical Analysis
All statistical analysis was performed using R statistical software (v4.1.3) and IBM SPSS Statistics (v25.0). Normally 
distributed continuous variables are presented as means with standard deviations. Non-normal variables are described as 
medians with interquartile ranges (1st quartile-3rd quartile). For categorical variables, we reported the numbers and 
percentages of patients in each category and proportions were compared using the Pearson’s chi-squared test. To correct 
for multiple comparisons, we used the Friedman test followed by a post hoc two-tailed Bonferroni test. We used 
a nonparametric Spearman rank correlation to test for associations between sleep disorders, anxiety, depression, and 
demographic characteristics. MedCalc software (v18.2.1) was used to determine the cut-off values, sensitivity, and 
specificity of patient age in predicting the status of sleep disorders, anxiety, and depression among PLWH. The 
prevalence of sleep disorders, anxiety and depression over time were evaluated in the longitudinal analysis using 
a generalized estimating equation (GEE). A generalized linear mixed model (GLMM) was used to investigate the 
potential factors associated with sleep disorders, anxiety, and depression scores among PLWH under different ART 
regimens. A P-value < 0.05 was considered to be statistically significant.

Results
Baseline Characteristics of the Study Population
A total of 287 PLWH were enrolled in this study to evaluate ART treatment-associated dynamic trends and risk factors 
for NPAEs (Figure 1). Among them, the mean age was more than 29 years (SD: 7.5), 97.2% were male, and the mean 
BMI was 22.1 (SD: 3.2). At baseline (M0), the median scores of sleep disorders, anxiety, and depression were 5 (IQR: 4– 
7), 6 (IQR: 4–9) and 5 (IQR: 2–8), respectively. The ART regimens consist of EFV 400 mg (n = 122), EFV 600 mg (n = 
37), DTG (n = 73), EVG (n = 47) and others (n = 8). The other clinical characteristics, complications, and laboratory 
indices of PLWH are shown in Table 1.

Except for the evaluation the general dynamic trend of ART treatment-associated NPAEs and risk factors among 287 
PLWH, we also compared the influence of three different ART regimens on the prevalence of NPAEs and their risk 
factors. Among 287 PLWH, except for 6 PLWH with ART discontinuation, 80 PLWH (including 32 EFV 400 mg, 23 
EFV 600 mg and 25 DTG) experienced the adjustment of treatment due to medication convenience and financial 
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Table 1 Baseline Characteristics of All Participants (n = 287)

Characteristics Values

Sex, n (%)
Male 279 (97.2)

Female 8 (2.8)

Age, (Mean±SD) 29.4 ± 7.5
Education level, n (%)

High school/lower 58 (20.2)

Junior college 73 (25.4)
College/higher 156 (54.4)

Smoking, n (%)
Yes 75 (26.1)

No 208 (72.5)

Missing 4 (1.4)
Drinking, n (%)

Yes 91 (31.7)

No 192 (66.9)
Missing 4 (1.4)

Marital status, n (%)

Married 24 (8.3)
Unmarried 247 (86.1)

Divorced or widowed 16 (5.6)

BMI, (Mean±SD) 22.1 ± 3.2
Transmission route, n (%)

Homosexual/bisexual 268 (93.4)

Heterosexual 17 (5.9)
Other (Blood-borne or mother-to-infant) 2 (0.7)

Duration between diagnosis and initiation of ART 14 (11.21)

Syphilis, n (%)
Yes 67 (23.3)

No 220 (76.7)

Hepatitis B virus, n (%)
Yes 8 (2.8)

No 279 (97.2)

WHO clinical stage, n (%)
I 61 (21.3)

II 171 (59.5)

III 45 (15.7)
IV 10 (3.5)

Baseline CD4 count (cells/μL), n (%)

< 200 56 (19.5)
200 - < 350 86 (30)

350 - < 500 84 (29.3)

≥ 500 60 (20.9)
Missing 1 (0.3)

Baseline HIV-RNA (copies/mL), n (%)

< 100,000 59 (20.6)
100,000 - < 500,000 104 (36.2)

≥ 500,000 117 (40.8)

Missing 7 (2.4)
Sleep disorders score 5 (4.7)

Anxiety score 6 (4.9)

Depression score 5 (2.8)

(Continued)
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problems or failure of antiviral therapy (Table S1). Considering the adjustment of treatment may affect the outcomes of 
NPAEs, 80 PLWH with adjustment of treatment were excluded in the comparison of different ART regimens induced- 
NPAEs and their risk factors. In addition, 19 PLWH continuously maintaining the original regimens (including 11 EFV 
600 mg and 8 others), were also excluded in the subgroup analysis, due to small sample size lacked of statistical 
significance (Table S1). Thus, a total of 182 PLWH (EFV 400 mg- (EFV-) (n = 85), DTG- (n = 50) and EVG-based 
regimens (n = 47)) were included in the subgroup analysis about different ART regimens induced-NPAEs and their risk 
factors.

Dynamic Changes in the Prevalence and Severity of Sleep Disorders, Anxiety, and 
Depression Among 287 PLWH Following ART
Spearman correlation analysis revealed a weak correlation between PSQI (r = −0.086, P = 0.001) and HADS-A scores 
(r = −0.099, P = 0.0001) and time on ART, whereas the HADS-D score was not correlated (Table 2). The Friedman test 
revealed a decreasing trend over time (from M0 to M12) in scores on sleep disorders (P = 0.003, Figure 2 and Table 2) 
and anxiety (P = 0.0001, Figure 2 and Table 2). GEE analysis also showed that the prevalence of sleep disorder 
significantly decreased from M0 to M6 (P < 0.05) and M12 (P < 0.05) while the prevalence of anxiety had also decreased 
significantly by M1 and M3 (Figure 2 and Table 3). There was no obvious change in the prevalence of depression from 
M0 to M12 (Table 3).

Correlational Between Sleep Quality, Anxiety, and Depression Among 287 PLWH 
Following ART
Spearman correlation analysis of all time points revealed a positive correlation between sleep disorders, anxiety, and 
depression among 287 PLWH (P < 0.01, Table 4). The correlation between anxiety and depression symptoms was 

Table 1 (Continued). 

Characteristics Values

ART regimens

EFV 400 mg (FTC/AZT/TDF+3TC) 122 (42.5)
DTG (AZT/TDF+3TC) 73 (25.4)

EVG (TDF+FTC) 47 (16.4)

EFV 600 mg (AZT/TDF+3TC) 37 (12.9)
Others (AZT+3TC+LPV/r or BIC/FTC/TAF) 8 (2.8)

Abbreviations: WHO, World Health Organization; BMI, body mass index; ART, anti
retroviral therapy; SD, standard deviation; CD4, CD4+ T cells; EFV, efavirenz; DTG, 
dolutegravir; EVG, elvitegravir; FTC, emtricitabine; AZT, zidovudine; TDF, tenofovir; 
3TC, lamivudine; LPV/r, lopinavir/ritonavir; BIC, bictegravir; TAF, tenofovir 
alafenamide; mg, milligram.

Table 2 The Median Scores of Sleep Disorders, Anxiety and Depression at M0, M1, M3, M6 
and M12 After ART Among PLWH

Parameters Time point P value

M0 M1 M3 M6 M12 rs test Friedman test

PSQI 5 (4.7) 5 (4.7) 5 (3.6) 5 (3.7) 5 (3.7) 0.001 (−0.086) 0.003

HADS-A 6 (4.9) 6 (3.8) 5 (2.8) 6 (2.8) 5 (2.8) 0.0001 (−0.099) 0.0001

HADS-D 5 (2.8) 5 (2.8) 4 (1.8) 5 (1.8) 4 (1.9) 0.137 (−0.04) 0.049

Abbreviations: PSQI, Pittsburgh Sleep Quality Index; HADS-A, Hospital Anxiety and Depression Scale-Anxiety 
subscale; HADS-D, Hospital Anxiety and Depression Scale-Depression subscale; M0, before ART; M1, 1-month after 
ART; M3, 3-month after ART; M6, 6-month after ART; M12, 12-month after ART; rs, Spearman correlation coefficient.
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greater than that between sleep disorders and anxiety and between sleep disorders and depressive symptoms. The 
correlation between sleep disorders and depression symptoms was weaker than the correlation between sleep disor
ders and anxiety symptoms (Table 4).

Influence of Different ART Regimens on the Prevalence and Severity of Sleep 
Disorders, Anxiety, and Depression
Then, we further compared the different ART regimens induced-NPAEs. The baseline characteristics of 182 PLWH EFV 
400 mg- (EFV-) (n = 85), DTG- (n = 50) and EVG-based regimens (n = 47) are summarized in Table S2. There were no 

Figure 2 Radar charts of the median scores for sleep disorders, anxiety, and depression after starting ART (n = 287). Comparison of the scores for sleep disorders, anxiety, 
and depression between M0 and M1, M3, M6, or M12 after ART among PLWH. The blue, red, green, purple, and yellow lines represent M0, M1, M3, M6, and M12, 
respectively. 
Abbreviations: M0, before ART; M1, 1-month after ART; M3, 3-month after ART; M6, 6-month after ART; M12, 12-month after ART; PSQI, Pittsburgh Sleep Quality Index; 
HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale; HADS-D, Hospital Anxiety and Depression Scale-Depression subscale.

Table 3 The Prevalence of Sleep Disorders, Anxiety and Depression Over Time After ART 
Among PLWH

Time PSQI HADS-A HADS-D

N/287 (%) P value N/287 (%) P value N/287 (%) P value

M0 128/287 (44.6) – 104/287 (36.2) – 80/287 (27.9) –

M1 118/282 (41.8) 0.393 84/282 (29.8) 0.031 82/282 (29.1) 0.691
M3 117/282 (41.5) 0.393 77/282 (27.3) 0.003 87/282 (30.9) 0.265

M6 106/282 (37.6) 0.036 88/282 (31.2) 0.091 89/282 (31.6) 0.239

M12 91/253 (36.0) 0.013 79/253 (31.2) 0.141 79/253 (31.2) 0.145

Note: M0 as control. 
Abbreviations: PSQI, Pittsburgh Sleep Quality Index; HADS-A, Hospital Anxiety and Depression Scale-Anxiety 
subscale; HADS-D, Hospital Anxiety and Depression Scale-Depression subscale; M0, before ART; M1, 1-month after 
ART; M3, 3-month after ART; M6, 6-month after ART; M12, 12-month after ART.
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obvious differences in characteristics among EFV, DTG and EVG groups at baseline, except for age, marital status, 
WHO clinical stage and baseline CD4 count (Table S2).

After controlling for the demographic variables of time, age, marital status, and WHO clinical stage, we compared 
scores for sleep disorders, anxiety, and depression across different ART regimens among PLWH. Participants taking 
EFV- (P = 0.009 and 0.016) and DTG-based regimens (P = 0.038 and 0.004) scored significantly lower on PSQI 
(Figure 3a and Table S3) and HADS-A (Figure 3b and Table S3) than those taking EVG-based regimens, while there was 
no significant difference between the DTG and EFV groups. The HADS-D scores of the DTG group were significantly 
lower than those of the EVG group (P = 0.004), but the DTG group was comparable to those of the EFV group (P > 0.05, 
Figure 3c and Table S3).

Table 4 Correlational Relationship Between Sleep Quality, Anxiety and 
Depression Scores at M0-M12 After ART

Time rs PSQI HADS-A HADS-D

M0 PSQI 1

HADS-A 0.539** 1

HADS-D 0.463** 0.686** 1
M1 PSQI 1

HADS-A 0.542** 1

HADS-D 0.484** 0.740** 1
M3 PSQI 1

HADS-A 0.588** 1
HADS-D 0.558** 0.801** 1

M6 PSQI 1

HADS-A 0.615** 1
HADS-D 0.572** 0.749** 1

M12 PSQI 1

HADS-A 0.570** 1
HADS-D 0.546** 0.795** 1

Note: **Represents P < 0.01. 
Abbreviations: rs, Spearman correlation coefficient; BMI, body mass index; PSQI, Pittsburgh 
Sleep Quality Index; HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale; HADS-D, 
Hospital Anxiety and Depression Scale-Depression subscale; M0, before ART; M1, 1-month after 
ART; M3, 3-month after ART; M6, 6-month after ART; M12, 12-month after ART.

Figure 3 Dynamic changing in sleep disorders, anxiety, and depression for different ART regimens over the 12-month follow-up. (a) Comparison of PSQI scores among EFV, 
DTG, and EVG groups. (b) Comparison of Hads-A scores among EFV, DTG, and EVG groups. (c) Comparison of Hads-D scores among EFV, DTG, and EVG groups. *P < 
0.05, **P < 0.01. The blue, red, and green lines represent EFV, DTG, and EVG, respectively. 
Abbreviations: M0, before ART; M1, 1-month after ART; M3, 3-month after ART; M6, 6-month after ART; M12, 12-month after ART; PSQI, Pittsburgh Sleep Quality Index; 
HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale; HADS-D, Hospital Anxiety and Depression Scale-Depression subscale.
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Risk Factors for Developing Sleep Disorders After One Year on ART
Then, we focused on identification of factors associated with sleep disorders (PSQI > 5), anxiety (HADS-A > 7) and 
depression (HADS-D > 7) at M12, respectively. We calculated the cut-off value of age in predicting the outcome of sleep 
disorders, anxiety and depression scores. As shown in Table S4, the optimal cut-off values of age were all > 27 years.

A GLMM analysis of 287 PLWH revealed that the following eight variables were independent risk factors associated 
with sleep disorders (PSQI > 5) at the M12 time point: age, sex, transmission route, marital status, education level, 
smoking status, BMI, and WHO clinical stage (see Table 5).

Then, the risk factors for developing sleep disorders of PLWH with three different ART regimens were analyzed, 
respectively. Among participants taking EFV-based regimens (n = 85), the risk factors associated with sleep disorders were 
as follows: female sex (P < 0.001), divorced/widowed (P = 0.015) or unmarried status (P = 0.004), BMI of 18.5 - < 24 kg/m2 

(P = 0.007) and 24 - < 28 kg/m2 (P < 0.001), WHO clinical stage II (P = 0.001) and III (P = 0.002), and baseline HIV-RNA 
level of 100,000 - < 500,000 copies/mL (P = 0.01) and ≥ 500,000 copies/mL (P = 0.018). Among participants taking DTG- 
based regimens (n = 50), the risk factors associated with sleep disorders were as follows: unmarried status (P = 0.004), a high 
school education or lower (P < 0.001), BMI of 24 - < 28 kg/m2 (P = 0.001) and ≥ 28 kg/m2 (P = 0.008), and WHO clinical 
stage IV (P < 0.001). Among participants taking EVG-based regimens (n = 47), the risk factors associated with sleep disorders 
were as follows: age > 27 years (P = 0.017), unmarried status (P = 0.027), and a baseline HIV-RNA level of 100,000 - < 
500,000 copies/mL (P = 0.022) and ≥ 500,000 copies/mL (P = 0.026) (Table S5).

Risk Factors for Developing Anxiety After One Year on ART
A GLMM analysis was performed to assess the risk factors associated with anxiety (HADS-A > 7) among 287 PLWH at M12. 
The following risk factors for anxiety were slightly different from those for sleep disorders: age, sex, marital status, education 
level, smoking status, BMI, WHO clinical stage, and baseline HIV-RNA count were all associated with anxiety (Table 5).

Among participants taking EFV-based regimens (n = 85), the risk factors associated with anxiety were as follows: 
female sex (P = 0.013), heterosexual transmission route (P = 0.016), unmarried status (P < 0.001), and BMI of 18.5 - < 
24 kg/m2 (P = 0.014) and 24 - < 28 kg/m2 (P = 0.001). Among participants taking DTG-based regimens (n = 50), the risk 
factors associated with anxiety were as follows: age > 27 years (P = 0.002), unmarried status (P = 0.002), a high school 
education or lower (P < 0.001), smoking status (P = 0.015), and WHO clinical stage II (P = 0.024) and III (P = 0.004). 
Among participants taking EVG-based regimens (n = 47), the risk factors associated with anxiety were as follows: age > 
27 years (P = 0.002) and divorced/widowed (P = 0.042) or unmarried status (P < 0.001) (Table S6).

Risk Factors for Developing Depression After One Year on ART
In addition, age, sex, marital status, education level, smoking status, BMI, WHO clinical stage, and baseline HIV-RNA count 
were the risk factors associated with depression (HADS-D > 7) among 287 PLWH at M12 by a GLMM analysis (Table 5).

Among participants taking EFV-based regimens (n = 85), the risk factors associated with depression were as follows: 
heterosexual transmission route (P = 0.002) and baseline HIV-RNA level ≥ 500,000 copies/mL (P = 0.024). Among 
participants taking DTG-based regimens (n = 50), the risk factors associated with depression were as follows: age > 27 
years (P < 0.001), unmarried status (P = 0.045), a high school education or lower (P = 0.002), smoking status (P = 0.009), and 
WHO clinical stage III (P = 0.006). Among participants taking EVG-based regimens (n = 47), the risk factors associated with 
depression were as follows: age > 27 years (P = 0.013), female sex (P = 0.014), heterosexual transmission route (P = 0.029), 
unmarried status (P < 0.001), a college education or higher (P = 0.01), smoking status (P = 0.005), and baseline HIV-RNA 
level from 100,000 - < 500,000 copies/mL (P = 0.03) and ≥ 500,000 copies/mL (P = 0.019) (Table S7).

Discussion
This real-world cohort study evaluated the neuropsychiatric impact of different ART regimens among PLWH in China; 
we observed dynamic changes in sleep disorders, anxiety, and depression scores 12 months following the start of ART. 
Our results are consistent with previous studies showing that symptoms of sleep disorders, anxiety, and depression are 
common among PLWH.16,17,25 Consistent with a previous study, our analysis revealed a dynamic correlation among 
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Table 5 Risk Factors for Developing Sleep Disorders, Anxiety, and Depression After One Year on ART (n = 287)

Variables Sleep disorders Anxiety Depression

β value (95% CI) P value β value (95% CI) P value β value (95% CI) P value

Intercept 4.669 (3.833~5.506) <0.001 4.594 (3.336~5.853) <0.001 3.515 (2.160~4.870) <0.001

Time point
M12 vs M0 −0.534 (−0.953~−0.114) 0.013 −1.275 (−1.914~−0.635) <0.001 −0.260 (−0.946~0.426) 0.458

M6 vs M0 −0.436 (−0.839~-0.034) 0.034 −1.170 (−1.772~-0.568) <0.001 −0170 (−0.815~0.476) 0.606

M3 vs M0 −0.603 (−0.988~−0.208) 0.003 −1.335 (−1.936~−0.733) <0.001 −0.258 (−0.900~0.383) 0.429
M1 vs M0 −0.261 (−0.666~0.144) 0.206 −0.996 (−1.597~−0.396) 0.001 −0.142 (−0.772~0.489) 0.660

Age
> 27 vs ≤ 27 0.764 (0.470~1.058) <0.001 1.118 (0.676~1.560) <0.001 1.120 (0.641~1.599) <0.001

Sex
Female vs Male 1.314 (0.377~2.252) 0.006 1.495 (0.084~2.906) 0.038 1.535 (0.008~3.063) 0.049

Transmission route
Other vs Homosexual −0.406 (−1.935~1.123) 0.602 −0.782 (−3.083~1.519) 0.505 0.492 (−2.004~2.987) 0.699

Heterosexual vs Homosexual −0.871 (−1.521~−0.221) 0.009 −0.018 (−0.996~0.960) 0.971 0.383 (−0.676~1.442) 0.478
Marital status

Divorced/ widowed vs Married −0.997 (0.280~1.714) 0.006 0.968 (−0.110~2.047) 0.078 0.387 (−0.782~1.555) 0.516

Unmarried vs Married 0.814 (0.281~1.345) 0.003 1.785 (0.984~2.585) <0.001 0.948 (0.081~1.816) 0.032
Education level

College/higher vs High school/lower −0.445 (−0.842~−0.048) 0.028 −1.053 (−1.650~−0.456) 0.001 −1.542 (−2.189~−0.894) <0.001

Junior college vs High school/lower 0.194 (−0.228~0.616) 0.367 0.294 (−0.341~0.929) 0.364 −0.134 (−0.823~0.554) 0.702
Smoking

Yes vs No 0.399 (0.088~0.710) 0.012 0.670 (0.202~1.138) 0.005 0.568 (0.061~1.075) 0.028

BMI
≥ 28 vs < 18.5 0.386 (−0.433~1.204) 0.356 0.339 (−0.892~1.571) 0.589 0.709 (−0.625~2.044) 0.297

24 - < 28 vs < 18.5 1.477 (0.949~2.006) <0.001 1.854 (1.059~2.650) <0.001 1.729 (0.867~2.591) <0.001

18.5 - < 24 vs < 18.5 0.479 (0.010~0.948) 0.045 0.628 (−0.077~1.334) 0.081 1.355 (0.591~2.120) 0.001
WHO clinical stage

IV vs I 0.509 (−0.430~1.447) 0.288 0.734 (−0.677~2.145) 0.308 1.589 (0.061~3.116) 0.042

III vs I −1.294 (−1.759~−0.829) <0.001 −2.028 (−2.727~−1.329) <0.001 −1.987 (−2.745~−1.230) <0.001
II vs I −1.201 (−1.541~−0.861) <0.001 −1.277 (−1.788~−0.765) <0.001 −0.716 (−1.270~−0.161) 0.011

Baseline HIV-RNA (copies/mL)

≥ 500,000 vs < 100,000 0.053 (−0.312~0.417) 0.778 0.283 (−0.266~0.831) 0.313 0.330 (−0.265~0.924) 0.277
100,000-< 500,000 vs < 100,000 −0.005 (−0.381~0.372) 0.980 0.830 (0.264~1.397) 0.004 0.804 (0.189~1.418) 0.010

Note: The bold font represent there is a statistically significant differences between groups. 
Abbreviations: M0, before ART; M1, 1-month after ART; M3, 3-month after ART; M6, 6-month after ART; M12, 12-month after ART; BMI, body mass index; EFV, efavirenz; DTG, dolutegravir; EVG, elvitegravir; CI, confidence interval; 
NA, Not applicable.
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sleep disorders, anxiety, and depression symptoms over the 12-month treatment period.4 Our data also demonstrate 
a greater correlation between sleep disorders and anxiety symptoms than between sleep disorders and depression 
symptoms in PLWH, and this is consistent with a previous study among healthy individuals.38

Considering the disparate trends between sleep disorders, anxiety, and depression, we further identified risk factors 
associated with each condition. Previous studies have only considered these risk factors regarding EFV-based ART 
regimens.18 Here we complement those studies by also evaluating DTG- and EVG-based regimens and find that the risk 
factors for sleep disorders, anxiety, and depression differ between EFV, DTG, and EVG groups. Some key risk factors 
(age, sex, marital status, education level, smoking status, BMI, and WHO clinical stage) were jointly associated with the 
prevalence of sleep disorders, anxiety, and depression. These factors could be useful for identifying high-risk patients 
requiring more in-depth evaluation and psychiatric health support along with HIV care.

In a previous study, EFV-based regimens led to improved neurological performance in PLWH,18 and our study 
replicates this finding. In addition, we found differences among the ART regimens regarding improvements in sleep 
disorders, anxiety, and depression after 12 months of treatment. DTG-based regimens produce greater neurological 
improvements than EVG-based regimens, although EFV-based regimens outperform EVG-based regimens regarding 
sleep disorders and anxiety but produce similar results for depression. Together, these data demonstrate a clinically 
meaningful improvement in neuropsychiatric symptoms (PSQI, HADS-A, and HADS-D scores) from a DTG-based 12- 
month ART regimen. Last but not least, similar to Hoffmann’ study,39 three was a higher rate of NAPEs among female 
PLWH initiating DTG-based ART regimen. Therefore, our results suggested that clinicians of contagion section should 
preferentially pay more attention to neuropsychiatric health among female PLWH.

This study comprehensively evaluated the dynamic trends and risk factors of NPAEs among PLWH taking EFV-, 
DTG- or EVG-based ART regimens in Hangzhou. Our findings suggest that PLWH should be regularly screened for 
sleep disorders, depression and anxiety, including assessments of the severity of these symptoms, and those with sleep 
disorders or depression or anxiety should adapt comprehensive clinical intervention measures to reduce those symptoms 
and effectively improve their quality of life.

There were several limitations to this study. The study included no healthy control subjects and thus we cannot 
separate the effects of HIV itself from the ART regimen. In addition, representative coverage of PLWH is relatively 
limited because study participants were recruited from a single center and included primarily men with a homosexual or 
bisexual transmission route. Lastly, we did not evaluate the relation between financial burden and psychological disorders 
for PLWH, since the financial/income status information of PLWH is absent. Future studies with enhanced coverage 
(including multiple centers and more female participants) and long-term follow-up would make analysis more accurate 
and generalizable.

Conclusions
In this study, we observed NPAEs (sleep disorders, anxiety, and depression) over time following the initiation of ART in 
PLWH. The prevalence of sleep disorders and anxiety improved significantly over time on ART. The data regarding 
DTG, the preferred drug under current clinical guidelines, are particularly notable. The risk factors of age, sex, marital 
status, education level, smoking, BMI, and WHO clinical stage were jointly associated with the prevalence of sleep 
disorders, anxiety, and depression among participants. In real-world applications of EFV-, DTG-, and EVG-based 
therapies, these findings can provide future guidance for mental health treatment for PLWH.
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