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ABSTRACT
Objective: Data are scarce regarding the incidence of 
neuropsychiatric events (NPEs) in people living with human 
immunodeficiency virus (HIV)–1 taking integrase inhibitor (INI)– 
or protease inhibitor (PI)–based regimens. This study evaluated 
the prevalence, incidence, and economic burden of NPEs among 
people living with HIV-1 who were newly treated with INI- or 
PI-based regimens in a Medicaid population.

Methods: A retrospective cohort study was conducted using 
administrative claims from the IBM MarketScan Multi-State 
Medicaid Database (January 1, 2014–December 31, 2018). 
Treatment-naive and treatment-experienced adults with HIV-1 
newly treated with an INI- or PI-based regimen were included. 
Outcomes included NPE prevalence during the 12-month 
baseline period, prevalence of existing and incidence of new-
onset NPEs during the 6-month post-index period, and total 
all-cause and NPE-related costs between treatment cohorts. 
Baseline characteristics between the 2 cohorts were balanced 
using inverse probability treatment weighting.

Results: In the INI (n = 3,929) and PI (n = 3,916) cohorts, mean 
(SD) ages were 44.87 (12.81) and 44.36 (11.85) years, and 41.7% 
and 41.3% were female, respectively. High proportions of 
patients in both cohorts had NPEs during the 12-month baseline 
period. Among patients with no baseline NPEs, adjusted NPE 
incident rate ratios (95% CIs) during the post-index period were 
as follows: any, 1.15 (1.00–1.33); chronic, 1.18 (0.98–1.42); and 
acute, 1.16 (0.96–1.39). Mean all-cause and NPE-related costs 
were similar between cohorts.

Conclusions: In this study of the Medicaid population, the 
prevalence and incidence of NPEs, as well as health care costs, 
were similar among people living with HIV-1 newly treated with 
an INI- or PI-based regimen.
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Neuropsychiatric disorders, such as depression or 
anxiety, occur more frequently among people living 

with human immunodeficiency virus (HIV)–1 than in 
the general population.1–4 The pathophysiology of such 
conditions is complex and may be due to several factors, 
including characteristics of HIV-1, social implications of 
living with HIV-1, and adverse reactions from antiretroviral 
therapy (ART).1 The high burden of neuropsychiatric 
disorders among people living with HIV-1 may contribute 
to challenges across the HIV continuum of care, including 
suboptimal ART adherence and reduced retention in 
care.5 Furthermore, these behaviors can lead to regimen 
discontinuation, development of ART resistance, disease 
progression, and increased mortality risk.5–7

The US Department of Health and Human Services 
recognizes that neuropsychiatric disorders are an important 
consideration in selecting an ART regimen, as some 
antiretroviral agents may exacerbate these conditions.5 Indeed, 
previous studies have shown that certain antiretroviral agents, 
most notably efavirenz and rilpivirine, can worsen psychiatric 
symptoms.1,5,8 Additionally, neuropsychiatric adverse events 
(AEs) leading to discontinuations have been seen in phase 3 
studies of integrase inhibitor (INI)–based regimens.9,10

The high burden of neuropsychiatric disorders among 
people with HIV-1 is accompanied by a high economic 
burden, including both all-cause and neuropsychiatric event 
(NPE)–related costs.11 In particular, costs are substantially 
greater for people with HIV-1 who have a serious mental 
illness compared to patients with either HIV-1 or a serious 
mental illness alone.12–14 In the US general population, 
neuropsychiatric disorders are more common among 
Medicaid beneficiaries than in those with commercial 
health insurance.15 Moreover, Medicaid is one of the largest 
payers for HIV-1 therapy in the United States, covering 
approximately 45% of people with HIV-1.16 In a recent 
retrospective cohort study of Medicaid patients, those with 
HIV-1 who were newly treated with ART were found to have 
a higher 6-month period prevalence of NPEs than patients 
without HIV-1, although these differences were not stratified 
by ART class.17 There are limited data to demonstrate how 
modern protease inhibitor (PI)–based regimens compare to 
INI-based regimens with respect to the incidence of NPEs. In 
this study, the prevalence, incidence, and economic burden 
of NPEs in patients with HIV-1 who were newly treated with 
INI- or PI-based regimens were assessed in the Medicaid 
population.
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Table 1. Baseline Demographic and Clinical Characteristics (unweighted and weighted)a

Unweighted Weighted
All  

(N = 3,929)
PI Cohort  
(n = 430)

INI Cohort  
(n = 3,499)

PI Cohort  
(n = 3,916)

INI Cohort  
(n = 3,929)

Standardized 
Difference, %

Demographic characteristics
Age, mean (SD), y 44.9 (12.7) 44.5 (12.0) 44.9 (12.8) 44.36 (11.85) 44.87 (12.81) 4
Female 1,639 (41.7) 167 (38.8) 1,472 (42.1) 1,619 (41.3) 1,639 (41.7) 0.7
Race

White 721 (18.4) 76 (17.7) 645 (18.4) 649 (16.6) 734 (18.7) 5.5
Black 2,616 (66.6) 266 (61.9) 2,350 (67.2) 2,598 (66.4) 2,616 (66.6) 0.5
Hispanic 530 (13.5) 80 (18.6) 450 (12.9) 598 (15.3) 517 (13.2) 6.1
Others 62 (1.6) 8 (1.9) 54 (1.5) 70 (1.8) 62 (1.6) 1.6

Plan type
HMO 710 (18.1) 85 (19.8) 625 (17.9) 819 (20.9) 702 (17.9) 7.7
PPO 5 (0.1) 0 5 (0.1) 0 6 (0.1) 5.4
POS 449 (11.4) 34 (7.9) 415 (11.9) 332 (8.5) 460 (11.7) 10.7
Others 2,758 (70.2) 309 (71.9) 2,449 (70.0) 2,749 (70.2) 2,757 (70.2) 0.1
Unknown 7 (0.2) 2 (0.5) 5 (0.1) 17 (0.4) 6 (0.1) 5.4

Clinical characteristics
Prior ART medication useb 410 (10.4) 40 (9.3) 370 (10.6) 380 (9.7) 412 (10.5) 2.6
Comorbidities

Anxiety 670 (17.1) 67 (15.6) 603 (17.2) 566 (14.5) 680 (17.3) 7.8
Diabetes 560 (14.3) 59 (13.7) 501 (14.3) 554 (14.1) 559 (14.2) 0.3
Depression 1,188 (30.2) 145 (33.7) 1,043 (29.8) 1,303 (33.3) 1,173 (29.9) 7.4
Hepatitis B 140 (3.6) 28 (6.5) 112 (3.2) 225 (5.7) 126 (3.2) 12.3
Hypertension 1,584 (40.3) 156 (36.3) 1,428 (40.8) 1,474 (37.6) 1,594 (40.6) 6.0
Hyperlipidemia 869 (22.1) 73 (17.0) 796 (22.7) 680 (17.4) 887 (22.6) 13.1
Substance use disorder 1,839 (46.8) 224 (52.1) 1,615 (46.2) 1,940 (49.6) 1,827 (46.5) 6.1

aData are presented as n (%) unless otherwise specified.
bOnly includes patients who received ART prior to initiation of the index regimen.
Abbreviations: ART = antiretroviral therapy, HMO = health maintenance organization, INI = integrase inhibitor, 

PI = protease inhibitor, POS = point of service, PPO = preferred provider organization.

METHODS

Study Design and Population
A retrospective cohort study was conducted using US 

administrative claims data from the IBM MarketScan 
Multi-State Medicaid Database collected between January 
1, 2014, and December 31, 2018. The adjudicated claims 
data included outpatient diagnoses and procedures, hospital 
discharge diagnoses, and outpatient pharmacy claims. The 
intake period was from January 1, 2015, to June 30, 2018. 
The index date was defined as the date on which the earliest 
prescription for INI- or PI-based ART was filled during the 
intake period. Patients were followed for 6 months from the 

index date. The study design is summarized in Supplemen-
tary Figure S1.

Eligible patients were treatment-naive or treatment-
experienced adults who were newly treated with an INI- or 
PI-based regimen during the intake period. Key inclusion 
criteria were adults (aged ≥ 18 years) with ≥ 1 diagnosis code 
for HIV-1 during the 12-month period preceding the index 
date (baseline period), ≥ 1 prescription fill for INI- or PI-
based ART during the intake period, and ≥ 12 months of 
continuous health plan enrollment prior to the index date. 
Key exclusion criteria included having ≥ 1 prescription fill 
for the same antiretroviral class as the index regimen (ie, INI 
or PI) at any time prior to the index date or a non-nucleo-
side reverse transcriptase inhibitor (NNRTI) as part of the  
index regimen. 

All data collected were deidentified in compliance with 
the patient confidentiality requirements of the Health 
Insurance Portability and Accountability Act. As this study 
consisted of secondary data analyses of deidentified patient 
records, informed consent and institutional review board 
approval were not required.

Outcomes
NPEs of interest included chronic and acute NPEs (Sup-

plementary Table S1). The prevalence of NPEs of interest was 
evaluated during the 12-month baseline period and 6-month 
post-index period. The prevalence of NPEs of interest was 
calculated by dividing the number of patients having comor-
bid NPEs of interest by the total cohort population.

Clinical Points
 ■ Neuropsychiatric disorders occur more frequently among 

people with human immunodeficiency virus (HIV)–1 than 
in the general population; this high clinical burden may 
contribute to challenges across the HIV continuum of care 
and is often accompanied by a high economic burden.

 ■ Data are scarce regarding the incidence of neuropsychiatric 
events in people with HIV-1 taking integrase inhibitor– or 
protease inhibitor–based antiretroviral regimens.

 ■ In this study of the Medicaid population, the prevalence 
and incidence of neuropsychiatric events, as well as health 
care costs, were similar among people with HIV-1 newly 
treated with an integrase inhibitor– or protease inhibitor–
based regimen.
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During the 6-month post-index period, the incidence of 
NPEs of interest was evaluated using incidence rate ratio 
(IRR) for 2 subgroups of patients. One subgroup (IRR 1) 
assessed the incidence of NPEs among patients who did not 
have chronic NPEs during the 12-month baseline period 
and/or did not have acute NPEs during the 3-month base-
line period, while the other subgroup (IRR 2) assessed 
the incidence of NPEs among patients who did not have 
chronic NPEs during the 12-month baseline period and 
also did not have acute NPEs during the 3-month baseline 
period.

Per-patient per-month (PPPM) total all-cause and NPE-
related health care resource utilization and costs between 
treatment cohorts were assessed during the 6-month post-
index period. Total all-cause and NPE-related costs (total 
medical costs + total pharmacy costs) were reported in 
2018 US dollars. Medical costs included inpatient hospi-
talizations, emergency department visits, physician office 

visits, outpatient service encounters, and skilled nursing 
facility/long-term care visits.

Statistical Analysis
Descriptive statistics, including frequencies and 

proportions, were used to report categorical variables, 
and means (SDs) were reported for continuous variables. 
Outcomes were compared between those initiating an 
INI-based regimen versus those initiating a PI-based 
regimen. Inverse probability treatment weighting (IPTW) 
was used to create more comparable treatment cohorts by 
accounting for confounding factors. IPTW-related weights 
were calculated using a logistic regression model adjusting 
for baseline covariates, including age, gender, region, race, 
index year, Quan-Charlson Comorbidity Index18 score, 
total number of baseline comorbidities, total number of 
concomitant medications during the baseline period, and 
baseline HIV-1–related procedures. Using standardized 

Figure 1. Prevalence of NPEs

Abbreviations: INI = integrase inhibitor, NPE = neuropsychiatric event, PI = protease inhibitor.
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Table 2. Prior Other Medication Usea

Prior Medication

Unweighted Weighted
All  

(N = 3,929)
PI Cohort  
(n = 430)

INI Cohort  
(n = 3,499)

PI Cohort
(n = 3,916)

INI Cohort  
(n = 3,929)

Standardized 
Difference, %

Antianxiety agents 814 (20.7) 86 (20.0) 728 (20.8) 910 (23.2) 808 (20.6) 6.5
Antipsychotic agents 626 (15.9) 58 (13.5) 568 (16.2) 618 (15.8) 629 (16.0) 0.6
Antidepressants 1,237 (31.5) 115 (26.7) 1,122 (32.1) 1,181 (30.2) 1,242 (31.6) 3.1
Antihyperlipidemics 671 (17.1) 48 (11.2) 623 (17.8) 531 (13.6) 686 (17.5) 10.8
Antihypertensives 935 (23.8) 80 (18.6) 855 (24.4) 856 (21.9) 941 (23.9) 5.0
Narcotics/opioids 1,984 (50.5) 218 (50.7) 1,766 (50.5) 2,183 (55.7) 1,964 (50.0) 11.6
aData are presented as n (%).
Abbreviations: INI = integrase inhibitor, PI = protease inhibitor.
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Figure 2. Adjusted IRRs During the 6-Month Post-Index 
Period for the INI-Based Cohort Versus the PI-Based Cohorta

aVariables controlled for baseline comorbidities of hepatitis B virus, 
hyperlipidemia, baseline medication use of narcotics/opioids, and 
baseline all-cause health care cost.

bIRR 1 was assessed among patients who did not have chronic NPEs during 
the 12-month baseline period or acute NPEs during the 3-month baseline 
period.

cIRR 2 was assessed among patients who did not have chronic NPEs during 
the 12-month baseline period and also did not have acute NPEs during 
the 3-month baseline period.

Abbreviations: INI = integrase inhibitor, IRR = incidence rate ratio, 
NPE = neuropsychiatric event, PI = protease inhibitor.
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differences, the balance between cohorts was assessed, with 
a standardized difference < 10% considered well balanced.19

RESULTS

Baseline Period
Of the total 3,929 patients included in the study, 3,499 

were receiving an INI-based regimen and 430 were receiv-
ing a PI-based regimen (Supplementary Figure S2). The 
most frequently prescribed INI- and PI-based regimens 
were dolutegravir (48%) and darunavir (77%), respectively 
(Supplementary Table S2). After weighting the cohorts using 
IPTW, 3,929 patients were included in the INI cohort, and 
3,916 patients were included in the PI cohort. In the INI and 
PI cohorts, the mean (SD) ages were 44.87 (12.81) and 44.36 
(11.85) years, and 41.7% and 41.3% of patients were female, 
respectively. At baseline, the proportions of patients with 

hyperlipidemia, hepatitis B, and receiving narcotics/opi-
oids were significantly different between treatment cohorts 
(Table 1, Table 2). Overall, 412 (10.5%) patients in the INI 
cohort and 380 (9.7%) patients in the PI cohort were treat-
ment experienced (defined as ART medication use prior to 
baseline; Table 1). Among patients in the INI cohort, 187 
(4.8%) previously received a PI-based regimen, 174 (4.4%) 
previously received an NNRTI-based regimen, and 69 (1.8%) 
previously received other ART agents. Among patients in 
the PI cohort, 104 (2.6%) previously received an INI-based 
regimen, 144 (3.7%) previously received an NNRTI-based 
regimen, and 143 (3.7%) previously received other ART 
agents.

During the 12-month baseline period, high proportions 
of patients had NPEs, with chronic NPEs being numerically 
more common than acute NPEs across treatment cohorts. 
Among patients in the INI cohort, the prevalence of any, 
chronic, or acute NPEs was 55%, 41%, and 33%, respectively. 
For the PI cohort, the prevalence of any, chronic, or acute 
NPEs was 56%, 42%, and 35%, respectively.

Post-Index Period: NPEs
The prevalence of both chronic and acute NPEs decreased 

during the 6-month post-index period, regardless of treat-
ment cohort (Figure 1). Overall, the incidence of new NPEs 
during the 6-month post-index period was similar for the 
INI- and PI-based cohorts. Among patients who did not 
experience chronic NPEs during the 12-month baseline 
period or acute NPEs during the 3-month baseline period 
(IRR 1), the adjusted IRRs (95% CI) were 1.15 (1.00–1.33) 
for any NPEs, 1.30 (1.10–1.54) for chronic NPEs, and 0.97 
(0.85–1.11) for acute NPEs (Figure 2A). For patients who did 
not experience chronic NPEs during the 12-month baseline 
period and also did not experience acute NPEs during the 
3-month baseline period (IRR 2), the adjusted IRRs (95% 
CI) for any NPEs, chronic NPEs, and acute NPEs were 1.15 
(1.00–1.33), 1.18 (0.98–1.42), and 1.16 (0.96–1.39), respec-
tively (Figure 2B).

Post-Index Period: Costs
During the 6-month post-index period, PPPM total all-

cause and NPE-related costs were similar for the INI and 
PI cohorts. The mean (SD) adjusted PPPM total all-cause 
health care costs were $5,022 ($12,671) for patients in the 
INI cohort and $4,787 ($8,346) for patients in the PI cohort 
(Supplementary Figure S3A). Mean (SD) adjusted PPPM 
total NPE-related medical costs were $321 ($1,802) for 
patients in the INI cohort and $272 ($1,135) for patients in 
the PI cohort (Supplementary Figure S3B).

DISCUSSION

In this study of the Medicaid population, people who were 
newly treated with an INI- or PI-based regimen had a high 
prevalence of existing NPEs, with chronic NPEs being more 
common than acute NPEs at baseline. Additionally, regard-
less of treatment cohort, the prevalence of NPEs decreased 
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between baseline and the 6-month post-index period. The 
incidence of any new-onset NPEs did not significantly differ 
between those receiving an INI-based regimen and those 
receiving a PI-based regimen. Total PPPM all-cause and 
NPE-related costs during the 6-month post-index period 
were similar across the INI- and PI-based cohorts. Notably, 
all-cause health care spending was higher for the INI- and 
PI-based cohorts compared to that observed for the general 
Medicaid population.20 This finding is consistent with previ-
ous studies21–23 that found considerable costs associated with 
HIV care as well as neuropsychiatric disorders.

In addition to increased health care spending, NPEs may 
lead to challenges across the HIV continuum of care.5 As 
certain antiretroviral agents have been associated with a pro-
pensity to cause or worsen NPEs,8,24–26 the incidence of NPEs 
is an important consideration when selecting or switching an 
ART regimen. In a pooled analysis of 2 phase 3 studies, efavi-
renz was found to be associated with greater neurologic and 
psychiatric AEs than rilpivirine.8 Additionally, studies24–26 
comparing INI agents showed that dolutegravir was associ-
ated with neuropsychiatric AEs and discontinuations due to 
these AEs more frequently than other INIs. Conversely, an 
analysis of 2 phase 3 studies of a darunavir-based, single-tab-
let regimen demonstrated that patients with baseline NPEs 
did not have higher rates of new-onset study drug–related 
neurologic or psychiatric AEs than those without baseline 
NPEs.27

In the current study, no clinically meaningful differences 
were seen in the incidence of new-onset NPEs or all-cause 
and NPE-related costs between the INI- and PI-based 
cohorts. One potential explanation is the relatively short 
duration of follow-up, which may have precluded NPEs from 
presenting. Similar costs and health care resource utilization 
may have been observed across treatment cohorts due to the 
high underlying costs associated with the management and 
treatment of HIV-1.

This study has some limitations to consider. As with 
all claims data sources, Medicaid data may contain billing 
inaccuracies or omissions in diagnoses and other variables. 
Additionally, not all NPEs may have been captured in the 
claims data, given the complexity with coding. The majority 
of patients included in this study were treatment naive, so 
findings may not be generalizable to all patients with HIV-1. 
Furthermore, the short duration of follow-up may have pre-
cluded acute NPEs from presenting or becoming chronic. 
Notably, this study was conducted prior to the coronavirus 
disease 2019 pandemic, which has been associated with 
increases in mental health disorders.28

In summary, the prevalence and incidence of NPEs, as 
well as all-cause and NPE-related costs, were similar among 
people living with HIV-1 newly treated with an INI- or a 
PI-based regimen. Findings from this analysis underscore 
the high NPE burden as well as the considerable economic 
costs associated with NPEs among people living with HIV-1.
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Supplementary Table S1. Neuropsychiatric Disorders of Interest 

Chronic 

Anxiety 

Depression, diagnosed 

Depression, diagnosed and treated 

Bipolar/manic depression 

Trauma- and stressor-related disorders 

Acute 

Dizziness 

Fatigue 

Headache 

Insomnia/sleep disorder 

Suicidal ideation 

Suicidal attempt 

Cognitive impairment/poor concentration 

It is illegal to post this copyrighted PDF on any website. ♦ © 2023 Copyright Physicians Postgraduate Press, Inc.



Supplementary Table S2. ART Regimens at Index 

Index regimen 

INI-based 

(N=3,499) 

PI-based 

(N=430) 

PI-based, n (%) 

Darunavir-based – 332 (77)

Atazanavir-based – 77 (18)

Other PI-based – 22 (5) 

INI-based, n (%) 

Dolutegravir-based 1,685 (48) –

Elvitegravir-based 1,576 (45) –

Raltegravir-based 186 (5) –

Bictegravir-based 62 (2) –

Abbreviations: ART, antiretroviral therapy; INI, integrase inhibitor; PI, protease inhibitor. 
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Supplementary Figure S1. Study Design 

Abbreviations: HIV-1, human immunodeficiency virus 1; INI, integrase inhibitor; PI, protease 

inhibitor. 
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Supplementary Figure S2. Patient Attrition 

aIncludes Reyataz (atazanavir), Prezista (darunavir), Prezcobix (darunavir/cobicistat), Kaletra 

(lopinavir/ritonavir), Symtuza (darunavir/cobicistat/emtricitabine/tenofovir alafenamide), and 

Norvir (ritonavir). 

Abbreviations: ART, antiretroviral therapy; HIV-2, human immunodeficiency virus-2; INI, 

integrase inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor.  
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Supplementary Figure S3. Adjusted Costs During the 6-Month Post-Index Period 

Abbreviations: ER, emergency room; INI, integrase inhibitor; NPE, neuropsychiatric event; PI, 

protease inhibitor; PPPM, per-patient-per-month; SD, standard deviation; SNF, skilled nursing 

facility. 
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