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Purpose: Sleep disturbance is one of the most prevalent symptoms among persons living with HIV (PLWH). However, the trajectory 
of sleep patterns in persons newly diagnosed with HIV remains underrecognized. The current study aimed to estimate the trajectory of 
sleep quality and its associated factors among newly diagnosed PLWH.
Patients and Methods: A prospective study was conducted in the outpatient clinic of a medical center in southern Taiwan from 
January 2015 to December 2017. Our primary outcome was sleep quality using the Chinese version of the Pittsburgh Sleep Quality 
Index (CPSQI). Participants completed the questionnaire at baseline and at four follow-up interval visits: at 3–6, 6–9, 9–12 and 12–15 
months. A generalized equation estimation (GEE) model was applied to analyze the relationships among poor sleep quality, depression 
and antiretroviral therapy among persons newly diagnosed with HIV.
Results: A total of 217 PLWH were included. The mean age of the sample was 29.3 years, and males (98.6%) were predominant. 
A total of 56.2% of HIV-infected persons were considered to have poor sleep quality at baseline. After controlling for the confounding 
effects of demographic characteristics, the following factors increased the risk of poor sleep quality: older age (ß= 0.07, CI: 0.03–0.11, 
p=0.001), level of depression (ß= 0.32, CI: 0.27–0.37, p<0.001) and detectable viral load (ß= 0.61, CI: 0.04 – 1.18, p= 0.037). 
However, there was no significant difference in BMI, CD4 counts, HIV viral load, disclosure status, or highly active antiretroviral 
therapy (HAART) regimen.
Conclusion: Our results demonstrate that one in two persons with newly diagnosed HIV had poor sleep quality. Being older, having 
higher levels of depression, and having detectable HIV viral loads were identified as risk factors for developing poor sleep quality in 
persons living with HIV.
Keywords: HIV, sleep disturbance, depression, highly active antiretroviral therapy, HAART

Introduction
Human immunodeficiency virus (HIV) infection is a manageable chronic disease with antiviral drug therapy. In Taiwan, 
the HIV mortality rate has been reduced since the introduction of highly active antiretroviral therapy (HAART) in 1997.1 

The overall survival time increased by an average of 13 years compared to the non-HAART era.2 With the increase in life 
expectancy, the quality of life of people living with HIV (PLWH) is an issue to be considered.

Sleep disturbance is the most common symptom that interferes with the quality of life of PLWH. HIV-infected people 
have a higher prevalence rate of sleep disturbance, ranging from 30% to 70%, than those without HIV.3–5 HIV patients have 
sleep-related problems, including obstructive sleep apnea syndrome (OSAS), insomnia, and daytime sleepiness.6–8 In 
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Taiwan, a population-based study revealed that HIV patients had a 3.7 times higher risk of sleep disturbances than the general 
population, and even compared to cancer patients, PLWH were still at increased risk for sleep disturbances.7 However, the 
cause of sleep disturbances remains controversial. Prior literature indicated that the onset of sleep disturbances may result 
from immune deficiency, depression, social support, medication prescriptions, and sleep disorders.9,10

The impacts of HIV infection on psychological status and prejudice and social stigma may put PLWH at higher 
risk of depression, which induces sleep disturbances. Previous studies support that depressive symptoms are a crucial 
factor related to sleep disturbances, for which the risk ratio is 3–16 times that of those without depression.4,8 In 
addition to psychological factors, health-related problems (eg, opportunistic infections) caused by immune deficiency 
and side effects of HAART are also common effects on sleep quality among PLWH.9 Consecutive care with rolling 
adjustments based on the patients’ health status and good compliance with ART for PLWH might improve their mental 
health and sleep quality.11 However, a recent study observed that after 9 months of follow-up, the sleep quality of most 
men who have sex with men (MSM) and bisexual men who live with HIV did not change. Only 17% of them 
improved, and 10% of the subjects have lower sleep quality.12 Moreover, a 6-year follow-up study show PLWH with 
undetectable viral load are more likely to be in the recovery pattern than those with higher viral load, but CD4 count 
and use of HAART were not associated with certain trajectories.13 Although most of the prior cross-sectional 
investigations that applied questionnaires indicated that sleep and emotional disturbances are common problems 
among PLWH,14–18 prospective follow-up of sleep patterns among HIV-infected persons receiving antiviral drug 
treatment is still rare.19

To our knowledge, two prospective studies investigated sleep changes over time in PLWH. Rogers et al19 

recruited 240 PLWH and found that the more sleep problems they experienced resulted in worse cognitive functions 
and low energy/vitality. However, the study observed sleep quality changes did not significantly correlate to 
depression. The other study conducted by Downing et al12 who found that 50.1% (505) gay and bisexual reported 
having stable good sleep quality during one-year observation period. Sleep quality decline in PLWH was significantly 
associated with greater depression and anxiety, as well as lower HAART adherence. However, the study focused on 
a sample of gay and bisexual men living with HIV, and inconsistent results on the sleep changes and the relationships 
between sleep quality and depression over time. Therefore, we still need prospective longitudinal studies to describe 
patterns of sleep quality and depression among newly diagnosed HIV patients receiving antiretroviral therapy for the 
first time and to identify associated factors of the changes in the trajectory of sleep quality.

Materials and Methods
The data were collected as part of a prospective longitudinal HIV case management model intervention service project 
(ER-98-090). This research was performed in accordance with relevant regulations. We assessed patients’ physio- 
psychological status at different time points (from T0 to T4) at each clinic visit. The interval of each time point was 
3–6 months. T0 is the first clinic visit; T1 is the time within 3–6 months after initial diagnosis; T2 is the time within 6–9 
months after initial diagnosis; T3 is the time within 9 months to 1 year after initial diagnosis; and T4 is the time within 
1 –1.5 years after initial diagnosis after obtaining informed consent from the participants.

Participants
A convenience sample of 217 adults with a new HIV diagnosis was enrolled in this study over a 2-year period 
(January 2015–December 2017). The newly diagnosed HIV was defined as individual has been reported to Centers for 
Disease Control and Prevention (CDC), completed the registration process and has been provided with a CDC registra
tion number and clinic card. The sample size was calculated using G-power software with a CI of 95% and power of 
95%, using repeated measures method with effect size 0.20, five-time measurement. The estimated sample size was 168; 
we adjusted this sample size to account for possible dropouts and non-responders (20%) resulting in a total estimated 
sample size of 202 participants.

This study was conducted in the outpatient clinic of a medical center in southern Taiwan. Eligible participants were 
Chinese- or Taiwanese-speaking, at least 20 years old and newly diagnosed with HIV before enrollment. Individuals were 
excluded if they had been pregnant, reported acute psychological disorders, or had unstable conditions.
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Measurements
The physio-psychological survey included demographic information on age, sex, level of education, job type, BMI, 
disclosure status, psychiatric history, length of time since HIV diagnosis, CD4 counts, HIV viral load, and HAART 
regimen. Two randomized controlled trials (The TEMPRANO and SRART) have provided evidence that early initiation of 
HAART is associated with a more favorable treatment.20,21 World Health Organization (WHO) recommended treatment as 
prevention in 2015 that all patients be treated at any CD4 count with HAART once HIV infection is diagnosed.22 

Subsequently, the Taiwan HIV/AIDS treatment guideline in 2016 recommended for initiation of HAART is a CD4 count 
at any level in persons diagnosed HIV positive. The physician would follow Taiwan CDC recommendation, in the initiation 
of HAART would be tried the first-line treatment, which includes Atripla (EFV/FTC/TDF), Odefsey (RPV/FTC/TAF), 
Triumeq (ABC/3TC/DTG), Biktarvy (TAF/FTC/BIC) and Delstrigo (DOR/3TC/TDF). In case of failure on first-line 
regimen, physician needed to apply second-line ART such as dolutegravir (ETR), dolutegravir (DTG).23

The HAART regimen was classified into three groups according to each individual’s pharmacy refill records: 
nonnucleoside reverse transcriptase inhibitors (NNRTIs), integrase strand transfer inhibitors (INSTIs), and protease 
inhibitors (PIs). Viral load undetectable was defined as being less than 20 copies/mL.

Sleep quality was evaluated by the Chinese version of the Pittsburgh Sleep Quality Index (C-PSQI). The C-PSQI is widely 
performed to evaluate subjective sleep quality and consists of 24 items and 7 dimensions with a total score ranging from 0 to 
21 points (Cronbach’s α = 0.83). Subjects with a score higher than 5 points were defined as having poor sleep quality.24

Depressive symptoms were evaluated by the short form of the Center for Epidemiologic Studies Depression (CES-D) 
scale, which consists of 10 items with a total score ranging from 0 to 30 points (Cronbach’s α = 0.88).25 Subjects with 
a score of 10 to 19 points were defined as having mild depressive symptoms, and 20 to 30 points were defined as having 
severe depressive symptoms.25

Data Analysis
The data analyses were conducted using R software version 4.0.3.26,27 Descriptive statistics were used to summarize 
the mean PSQI and depression scores across the 5 time point assessments for newly diagnosed people with HIV. 
A mixed model analysis of variance (ANOVA) was used to verify the differences in the PSQI score among different 
levels of depression and HAART regimens at each time point. The generalized estimating equation (GEE) was used to 
investigate the associated factors of the changes in the trajectory of sleep quality among newly diagnosed people with 
HIV infection. This study was approved by the Human Research Committee at National Cheng Kung University 
Hospital (B-ER-109-352). All participants provided written consent and written authorization for their health care 
providers to release their medical records for research purposes.

Results
Distribution of Participants’ Characteristics Across Time
A total of 217 HIV-infected patients (mean age=29.4 years, SD=7.5 years) participated. The attrition rate at the 5-time point 
assessment was 29.5%. Of these patients at baseline (T0), 122 (56.2%) were categorized as having poor sleep quality, and 
82 (37.8%) were categorized as having mild or severe depression. The distribution curve of CD4 counts at baseline showed 
that approximately 74.7% of the patients’ CD4 counts were lower than 500 cells/mm3 (Supplementary Figure 1), and mean 
viral load of the patients was 2.94 log.10 Among these patients, NNRTIs were the most common HAART regimen (83.5%). 
The trajectories of the participants’ characteristics indicated an increased percentage of full-time jobs (p=0.002) and length 
of time since HIV diagnosis (p<0.001), higher BMIs (p=0.003) and CD4 counts (p<0.001), and decreased viral loads 
(p<0.001) (Table 1).

Mean Change in Sleep Quality and Depression Levels
As shown in Figure 1, the trajectory for sleep quality from baseline to the T4 time point between 1 and 1.5 years showed a U 
shape, which means that patients’ self-reported sleep quality decreased first and then increased on T3. In addition, the trajectory of 
depression score results was similar to the sleep quality trajectory. The linear regression line showed a slightly falling trend of 
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Table 1 The Trajectories of Participants’ Characteristics According to Different Time Measurements (N = 217)

Time T0 T1 T2 T3 T4 p value

n 217 183 186 173 153

Age, mean (SD) 29.35 (7.5) 29.51 (7.3) 29.99 (7.6) 30.45 (7.7) 31.13 (8.0) 0.18

Male (%) 214 (98.6) 181 (98.9) 185 (99.5) 171 (98.8) 151 (98.7) 0.94

Transmission type 0.99

Heterosexual 15 (6.9) 12 (6.6) 10 (5.4) 10 (5.8) 11 (7.2)

MSM/Bisexual 200 (92.2) 169 (92.3) 174 (93.5) 161 (93.1) 140 (91.5)

Unknown/others 2 (0.9) 2 (1.1) 2 (1.1) 2 (1.2) 2 (1.3)

Marriage (%) 3 (1.4) 1 (0.5) 2 (1.1) 3 (1.7) 3 (2.0) 0.98

Education (%) 0.98

University and above 128 (64.0) 107 (63.3) 112 (65.5) 103 (64.8) 90 (63.4)

High school or below 70 (35.0) 60 (35.5) 58 (33.9) 56 (35.2) 51 (35.9)

Illiteracy 2 (1.0) 2 (1.2) 1 (0.6) 0 (0.0) 1 (0.7)

Job Type 0.002

Full-time 128 (59.0) 124 (67.8) 128 (68.8) 131 (75.7) 113 (73.9)

Part-time 8 (3.7) 12 (6.6) 12 (6.5) 11 (6.4) 9 (5.9)

Unemployed 81 (37.3) 47 (25.7) 46 (24.7) 31 (17.9) 31 (20.3)

BMI, mean (SD) 20.99 (2.8) 21.82 (2.8) 22.23 (3.3) 22.44 (3.3) 22.67 (3.5) 0.003

Nondisclosure (%) 91 (41.9) 74 (40.4) 70 (37.6) 57 (32.9) 52 (34.0) 0.31

Psychiatric history (%) 30 (13.8) 31 (16.9) 29 (15.6) 30 (17.3) 26 (17.0) 0.87

Length of time since HIV diagnosis (year), 
mean (SD)

0.39 (0.99) 0.66 (1.04) 0.96 (1.06) 1.28 (1.10) 1.55 (1.14) <0.001

CD4 mean (SD) 358.57 
(214.51)

437.99 
(217.85)

483.13 
(248.81)

523.87 
(276.32)

513.58 
(248.55)

<0.001

CD4 level (%) <0.001

<200 52 (24.0) 25 (14.5) 20 (11.5) 18 (11.5) 14 (9.5)

200–500 110 (50.7) 85 (49.4) 85 (48.9) 62 (39.5) 66 (44.6)

>500 55 (25.3) 62 (36.0) 69 (39.7) 77 (49.0) 68 (45.9)

Viral load log103, mean (SD) 2.97(1.41) 1.43(1.00) 0.97(1.00) 0.76(0.97) 0.65(0.95) <0.001

ART (%) 0.002

NNRTIs 167(83.5) 113(65.7) 115(64.6) 113(66.9) 97(64.7)

INSTIs 20(10.0) 38(22.1) 39(21.9) 35(20.7) 35(23.3)

PIs 13(6.5) 21(12.2) 24(13.5) 21(12.4) 18(12.0)

ART (%) 200 (92.2) 172 (94.0) 178 (95.7) 169 (97.7) 150 (98.0) 0.04

Poor sleep quality (%) 122 (56.2) 97 (53.0) 91 (48.9) 82 (47.4) 73 (47.7) 0.338

(Continued)
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sleep quality (p=0.08) and depressive (p=0.10) conditions among people with new HIV diagnosed during the 5-time point 
assessment. However, the multiple comparison test (Kruskal–Wallis test) showed no difference between each time point.

Association of Sleep Quality at Different Depression Levels Across Time
As shown in Figure 2, poor sleep quality was borderline significantly associated with a higher level of depression over 
time (p = 0.06). The sleep quality trajectory of persons newly diagnosed with HIV with normal depression levels 
remained stable and significantly better than that of the mild and severe groups. However, the sleep quality of people with 
severe depression improved from T0 to T2 (p=0.19) and then worsened from T2 to T4 (p=0.37).

Figure 1 Trajectory of sleep quality and depression among persons newly diagnosed with HIV at the 5-time point assessment. 
Notes: (A) The trajectory with linear regression line of sleep quality; (B) the trajectory with linear regression line of depressive conditions. T0, the first clinic visit of the 
initial diagnosis of HIV; T1, time point within 3–6 months after initial diagnosis; T2, time point within 6–9 months after initial diagnosis; T3, time point within 9 months to 
1 year after initial diagnosis; T4, time point within 1–1.5 years after initial diagnosis. 
Abbreviations: CES-D, the Center for Epidemiologic Studies Depression Scale; PSQI, the Pittsburgh Sleep Quality Index.

Table 1 (Continued). 

Time T0 T1 T2 T3 T4 p value

Depression level (CES-D) 0.212

Normal 135 (62.2) 135 (73.8) 134 (72.0) 123 (71.1) 110 (71.9)

Mild 73 (33.6) 43 (23.5) 47 (25.3) 42 (24.3) 35 (22.9)

Severe 9 (4.1) 5 (2.7) 5 (2.7) 8 (4.6) 8 (5.2)

Notes: T0, the first clinic visit of the initial diagnosis of HIV; T1, time point within 3–6 months after initial diagnosis; T2, time point within 6–9 months 
after initial diagnosis; T3, time point within 9 months to 1 year after initial diagnosis; T4, time point within 1–1.5 years after initial diagnosis. Bold font 
indicates statistical significance. 
Abbreviations: ART, antiretroviral therapy; BMI, body mass index; INSTIs, integrase strand transfer inhibitors; MSM, men who have sex with men; 
NNRTIs, nonnucleoside reverse transcriptase inhibitors; PIs, protease inhibitors; SD, standard deviation.
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Association of Sleep Quality with Different ART Regimens Across Time
As shown in Figure 3, we found that sleep quality in the INSTIs group was not significantly poorer than that in patients in 
the other ART regimen groups during the T1 to T4 time points (p=0.24).

Figure 2 Sleep quality trajectory of persons newly diagnosed with HIV with different depression levels at the 5-time point assessment. 
Notes: ****p<0.0001; ***p<0.001; *p <0.05. T1, time point within 3–6 months after initial diagnosis; T2, time point within 6–9 months after initial diagnosis; T3, time point 
within 9 months to 1 year after initial diagnosis; T4, time point within 1–1.5 years after initial diagnosis. 
Abbreviations: PSQI, the Pittsburgh Sleep Quality Index; T0, the first clinic visit of the initial diagnosis of HIV.

Figure 3 Time trends of sleep quality scores by different ART category among HIV-infected persons. 
Notes: *p<0.05. T0, the first clinic visit of the initial diagnosis of HIV; T1, time point within 3–6 months after initial diagnosis; T2, time point within 6–9 months after initial 
diagnosis; T3, time point within 9 months to 1 year after initial diagnosis; T4, time point within 1–1.5 years after initial diagnosis. 
Abbreviations: INSTIs, integrase strand transfer inhibitors; NNRTIs, nonnucleoside reverse transcriptase inhibitors; PIs, protease inhibitors; PSQI, the Pittsburgh Sleep 
Quality Index.
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Factors Associated with Sleep Quality Trajectory
In the GEE model, we found that increasing age (ß= 0.07, p=0.001), higher depression scores (ß= 0.32, p<0.001), 
and detectable viral load (ß=0.61, p=0.04) were associated with poor sleep quality when controlling for other 
factors (Table 2).

Discussion
This study is one of few prospective studies to evaluate changes in sleep quality and level of depression trajectory among 
PLWH who have recently started ART.12,19 Our findings indicated that the prevalence of poor sleep quality and moderate/ 
severe depression among PLWH with newly diagnosed HIV ranged from 56.2% to 47.7% and 37.7% to 28.1%, 
respectively. To our knowledge, few studies have investigated the trajectory of sleep quality and level of depression 
among PLWH with new HIV diagnoses. Our study result is somewhat in agreement with previous studies that included 
HIV patients with HAART.12,14–18 In addition, the findings in the current study were similar to the results reported in 
China, which showed that the level of depression decreased from 23.0% at baseline to 14.0% at month 12 post- 
treatment.11 Also consistent with a prospective observational study conducted by Downing et al,12 the result showed 
that two sleep quality trajectory groups (bad sleep quality maintained and sleep quality negative change) were highly 
associated with depression. This suggests that screening for sleep quality and mental health problems is greatly warranted 
for PLWH who have new HIV diagnoses.

Prior studies indicated that uncontrolled HIV infection is associated with increased systemic levels of proinflamma
tory cytokines leading to the development of sleep disturbances.28 Our study also showed that undetectable HIV viral 
load increases the possibility of experiencing poor sleep quality. This is consistent with previous studies, which found 
that increased CD4 counts were associated with sleep quality improvements due to patients’ overall health improving 
after HAART.29,30 However, another study conducted in South Africa showed that both the overall CD4 count rebound 
and higher current CD4 counts were negative associated with sleep quality.31 The differences in findings may be due to 
the differences in ethnicity and gender composition, as well as the fact that patients in South Africa seem to have delayed 
access to HIV treatment. Especially, when PLWH have delayed start with HAART, which has been associated with CD4 

Table 2 Factors Associated with Poor Sleep Quality

PSQI Score

Predictors Estimates CI p value

(Intercept) 3.59 1.22 – 5.96 0.003

Time 0.01 −0.22 – 0.24 0.928
Age 0.07 0.03 – 0.11 0.001
BMI −0.08 −0.17 – 0.01 0.076

Psychiatric history 0.34 −0.44 – 1.11 0.394
CES-D score 0.32 0.27 – 0.37 <0.001
Length of time since HIV diagnosis −0.07 −0.39 – 0.25 0.665

Viral load level
Undetectable Reference

Detectable 0.61 0.04 – 1.18 0.037
ART regimens

INSTIs Reference

NNRTIs −0.13 −0.87 – 0.61 0.732

PIs −0.54 −1.62 – 0.54 0.325

QIC 587.57

Note: Bold font indicates statistical significance. 
Abbreviations: ART, antiretroviral therapy; BMI, body mass index; CES-D, the Center for 
Epidemiologic Studies Depression Scale; INSTIs, integrase strand transfer inhibitors; NNRTIs, 
nonnucleoside reverse transcriptase inhibitors; PIs, protease inhibitors.
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effector T cells being more spontaneously activated and leads to AIDS.32 Our findings demonstrate that PLWH receiving 
ART have viral suppression, which contributes to improved sleep quality.

Factors associated with poor sleep quality in PLWH, such as getting older and a higher intensity of depression, were 
also found in our study.4,16,17 The relationship between getting older and poor sleep quality might be related to various 
factors, such as age-related sleep architecture and growth hormone changes.33 Given the association between poor sleep 
and emotional disorders, there might be linkages between sleep, emotional regulation and alteration in the hypothalamic– 
pituitary–adrenal axis implication of psychopathology and sleep–wake cycle. Given the bidirectional association between 
sleep and depression, targeted management of one may improve the other. The implication would be that treating 
depression might help to improve sleep quality, and addressing sleep difficulties early may relieve psychological 
morbidity.

Regarding HIV treatment, we found that patients who had initiated an INSTI-based regimen did not have a higher rate 
of sleep disturbances over time compared to the NNRTI- and PI-based groups during the observation period of 1.5 years. 
Similar to the findings of a multicenter observational study in China, there were no significant associations between 
efavirenz-containing regimens and sleep disturbances.4,34 However, our finding was contrary to previous studies, which 
have largely focused on the impact of specific antiretroviral agents on poor sleep quality due to the neuropsychiatric 
adverse effects frequently occurring in efavirenz- or INSTI-based regimen users.35,36 The reasons for the conflicting 
results between these trials and our data might be the different study purposes. These trials aimed to examine the effects 
of delayed switch and dolutegravir discontinuation on neuropsychiatric adverse effects. Further study exploring the 
relationship between INSTI-based regimens and sleep is warranted.

However, our study has some limitations. First, each participant was selected by convenience sampling, and the 
findings may not be generalizable to all PLWH in Taiwan. Second, the effect of ART on sleep quality at months 12 and 
15 may be under-evaluated due to a 30% attrition rate. Third, sleep quality and emotional problems in this study were 
measured by questionnaires. Further studies are encouraged to measure objective biomarkers such as sleep efficiency 
and total sleep time; it would be helpful to better understand the nature of sleep disturbances in PLWH. Finally, this 
study lacks long-term taking HAART-related symptoms, such as electrolyte imbalance, that might compromise our 
findings.

Conclusion
The trajectory of sleep quality among newly diagnosed HIV patients presents a linear decline regression line during the 
5-time point assessment. Depression evaluations and daily regular antiretroviral treatment may prevent sleep disturbances 
among people newly diagnosed with HIV. The objective measurements for investigating the trajectory of sleep quality in 
newly diagnosed HIV infection are warranted to need.
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