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Abstract:
During the COVID-19 pandemic, declared by the World Health Organization in March 2020, a cross-sectional and quantitative study evaluated the effects of social isolation on mental health, focusing on people living with HIV (PLHIV) compared to the general population. The objective of this study was to identify the predictors of anxiety, depression and stress and to estimate the marginal effect of HIV status on these outcomes. In this cross-sectional online survey, 1241 adults (281 PLHIV and 960 non-PLHIV) completed a sociodemographic and pandemic-related questionnaire and the Depression, Anxiety and Stress Scale (DASS-21). Overlap weighting based on age, sex and education was applied to balance the groups. Weighted Marginal Structural Models with Tweedie distribution (p=1.3) were fitted to estimate mean rations for each outcome. Robustness to unmeasured confounding was assessed using E-values. HIV status was not significantly associated with depression scores. In contrast PLHIV showed higher anxiety (mean ratio=1.12; 95%CI: 1.03-1.23; E-value=1.50) and lower stress levels (mean ratio=0.86; 95%CI:0.81-0.91; E-value=1.59) compared with non-PLHIV. Higher education, financial losses, working from home, perceived risk of COVID-19, frequency of information seeking and the number of leisure activities were additional predictors of psychological symptoms. Depression, anxiety and stress dimensions were positively intercorrelated in all models. The study emphasize that mental health outcomes were shaped by a complex interplay between clinical condition, work and financial context, information exposure and behavioral adaptation, underscoring the need for tailored psychosocial interventions for PLHIV and the general population.

Ansiedade, Depressão e Estresse em Pessoas Vivendo com HIV durante a Pandemia de COVID-19.

Palavras-chave: Pandemia; Saúde mental; HIV; Sofrimento psicológico; COVID-19.
Resumo: 
Durante a pandemia de COVID-19, declarada pela Organização Mundial da Saúde em março de 2020, um estudo transversal e quantitativo avaliou os efeitos do isolamento social na saúde mental, com foco em pessoas vivendo com HIV (PVHIV) em comparação com a população em geral. O objetivo deste estudo foi identificar os preditores de ansiedade, depressão e estresse e estimar o efeito marginal do status de HIV nesses desfechos. Nesta pesquisa transversal online, 1241 adultos (281 PVHIV e 960 não PVHIV) responderam a um questionário sociodemográfico e relacionado à pandemia, além da Escala de Depressão, Ansiedade e Estresse (DASS-21). A ponderação por sobreposição, baseada em idade, sexo e escolaridade, foi aplicada para equilibrar os grupos. Modelos Estruturais Marginais Ponderados com distribuição de Tweedie (p=1,3) foram ajustados para estimar as razões médias para cada desfecho. A robustez a fatores de confusão não mensurados foi avaliada utilizando valores E. O status de HIV não apresentou associação significativa com os escores de depressão. Em contraste, as pessoas vivendo com HIV (PVHIV) apresentaram níveis mais elevados de ansiedade (razão média = 1,12; IC 95%: 1,03-1,23; valor E = 1,50) e níveis mais baixos de estresse (razão média = 0,86; IC 95%: 0,81-0,91; valor E = 1,59) em comparação com as pessoas sem HIV. Nível de escolaridade mais elevado, perdas financeiras, trabalho remoto, percepção de risco da COVID-19, frequência de busca por informações e número de atividades de lazer foram preditores adicionais de sintomas psicológicos. As dimensões de depressão, ansiedade e estresse apresentaram correlação positiva entre si em todos os modelos. O estudo enfatiza que os desfechos de saúde mental foram moldados por uma interação complexa entre a condição clínica, o contexto laboral e financeiro, a exposição à informação e a adaptação comportamental, ressaltando a necessidade de intervenções psicossociais personalizadas para PVHIV e para a população em geral.

Introduction
On March 11, 2020, the World Health Organization declared the global spread of COVID-19 (respiratory infection caused by the SARS-CoV coronavirus) a global pandemic. The virus emerged in December 2019 and its first cases were reported in Wuhan, China. Faced with this situation, many countries adopted social isolation as a measure to contain contamination (Ornell et al., 2020). Many aspects of the routine were changed such as family organization, closing of schools, businesses, public places, formalization of classes and work in virtual mode, among others. Feelings of anguish and insecurity related to the economy, health and the impossibility of maintaining physical and social contact with other people also emerged. These feelings, when exacerbated, can trigger a series of psychological and psychiatric disorders (Garcia, 2017). The implications for mental health may last longer and be more prevalent than the epidemic itself, with the psychosocial and economic impacts being incalculable when considering the repercussions in different contexts (Shigemura et al., 2020).
Researchers from the Oswaldo Cruz Institute and the Fluminense Federal University (Raony et al., 2020) pointed out neural, immunological and endocrine changes related to COVID-19 infection and social distancing, contributing to the emergence or worsening of psychological disorders. Recently, a study of patients infected with COVID-19 (or suspected of being infected) showed that they can suffer intense emotional and behavioral reactions such as fear, boredom, loneliness, depression, anxiety, insomnia or anger (Brooks et al., 2020; Shigemura et al., 2020).
Another study, carried out with 1,639 people in Italy, a country highly impacted by the spread of the virus, revealed that 48% of those interviewed had low levels of psychological well-being, especially in women under 50 years of age and with risk factors for contagion. Even in patients with common flu-like symptoms, stress and fear, due to the similarity of symptoms, could generate mental suffering and trigger or worsen an existing psychiatric condition (Park & Park, 2020; Wang et al., 2020a).
Immunocompromised people are part of a group more vulnerable to coronavirus infection such as those living with HIV (human immunodeficiency virus). There are approximately 39 million people in this condition worldwide at the moment, of which 28.9 million are on antiretroviral treatment(UNAIDS, 2023, 2024). In Brazil, the spread of HIV is still a very worrying epidemic that has been growing mainly among individuals in the younger age group (Ministério da Saúde, 2020).
Regarding psychological aspects, it is a fact that people living with HIV (PLHIV) suffer emotional impacts due to their diagnosis (Costa et al., 2018; Wong et al., 2017). Depression and anxiety disorders are the main psychiatric disorders concomitant with HIV infection, exerting a strong influence on patients' adherence to treatment, disease progression and risky sexual behavior. All of these aspects contribute to increased fragility and emotional instability which, when not assessed, can negatively influence treatment (Choi et al., 2016; Poletto et al., 2015; Silveira et al., 2012). This emotional fragility could be intensified when faced with the possibility of infection with a new virus, highlighting the need to assess the mental health condition of this specific population compared to the general population.	
Therefore, this study aimed to evaluate the predictors of anxiety, depression and stress in PLHIV, compared to the general population, during the COVID-19 pandemic period.
Methods:

Following the ethical principles in accordance with Resolution 466/12 of the National Health Council of Brazil, this project was subjected to evaluation and approved by the Research Ethics Committee of a quaternary hospital in São Paulo (CAAE: 43040521.1.0000.0068, number of review: 4.636.774). A prospective cross-sectional study was conducted in the Dermatological Manifestations Outpatient Clinic of the Specialized Dermatology Service of a quaternary hospital in São Paulo - Brazil. 
PLHIV (whether or not they were part of the outpatient list) and not living with HIV from the general population (control group) were invited to participate. The inclusion criteria were: individuals who responded to the online questionnaire during a period of 30 days and who were over 18 years old. The exclusion criteria were: individuals who refused to answer the questionnaire and/or who did not adhere to the informed consent form (ICF).
ICF was obtained from all the participants involved in the study before answering the online questionnaire. The data collected cannot be shared openly to protect study participants privacy. However, the data are available from the authors upon reasonable request.
Participants answered an online questionnaire sent via cell phone text messages. The form was available on the “Google Forms” platform for individual completion. After acceptance, the sociodemographic questionnaire and DASS-21 were allowed to be completed. All the questions, along with their respective options, can be seen in detail in Table 1. Below is a summary of the questionnaire:
· Demographics: Sex, age, and educational level.
· Work and financial situation: Employment status, financial stability (whether the participant was the primary source of income), and whether the participant experienced financial cuts or job losses during the pandemic.
· Household characteristics: Number of people living in the household and the number of household members considered at risk for COVID-19.
· Pandemic-related behaviors: Frequency of seeking information about COVID-19, perceived sufficiency of information about COVID-19 prevention, and whether the participant was working from home.
· Health and risk perception: Self-perception of being in a risk group for COVID-19 and whether the participant was living with HIV.
· Leisure activities: Number of leisure activities practiced per week.
To analyze emotional aspects the reduced version of the Anxiety, Depression and Stress Scale [DASS-21] was used developed from the original scale and validated for the Portuguese language  (Lovibond & Lovibond, 2011; Vignola & Tucci, 2014). The scale consists of 21 four-point Likert questions, ranging from 0 (not at all applicable) to 3 (very applicable or most of the time). The anxiety, depression and stress dimensions are measured through seven questions for each of them. The scale is freely accessible and used for research and is not an instrument restricted to psychologists.
Statistical Analysis
Descriptive analysis was conducted using means and standard deviations for continuous variables and counts and percentages for categorical variables. Comparisons between groups were performed using the Student's t-test with bootstrap resampling for continuous variables and Fisher's exact test or Pearson's chi-square test for categorical variables. When significant, associations were accompanied by effect sizes — Cohen's d for t-tests and phi or Cramer's V for categorical variables.
Given the observational and cross-sectional nature of the dataset, overlap weighting (OW) was conducted, obtained from a propensity score model constructed with the covariates age, sex, and education, identified as potential confounders based on causal diagrams (DAGs) developed using theoretical rationale in the Dagitty software (https://www.dagitty.net/) and subsequently statistically validated. The balance between the HIV and non-HIV groups (exposure group) was assessed, confirming standardized mean differences (SMD) of less than 0.1 for all covariates, indicating excellent overlap and control of residual confounding.
To estimate the marginal effect of HIV on psychological symptom scores, OW-weighted Marginal Structural Models (MSMs) suitable for asymmetric continuous data were fitted. To estimate the marginal effect of HIV on psychological symptom scores, OW-weighted Marginal Structural Models (MSMs) fitted with a Tweedie distribution (optimal p-value = 1.3 was common to all three outcomes and robust standard error). The final estimates were expressed as a weighted mean ratio (exp(β)) and respective 95% confidence intervals, representing the marginal effect of HIV on each psychological outcome after controlling for confounding. Robustness analysis to unmeasured confounding (E-values) was performed. E-values ​​were calculated according to VanderWeele & Ding (2017). For ratios < 1, the inverse transformation (1/RR) was applied before calculation.
The selection of independent variables was conducted using the backward stepwise method, keeping in the final model the variables that were statistically significant in the association tests (p < 0.05) or theoretically justified by the DAGs. The models were fitted by weighted maximum likelihood, characterizing the marginal approach of MSM.
All analyses were conducted using R software (version 4.5.1 - https://www.r-project.org/), with the packages used being survey, cobalt, WeighIt, tweedie, statmod, cplm, tidyverse, and skimR. The significance level was set at 5%.
Results 

The sample comprised 1,241 individuals, including 281 PLHIV (195 men and 86 women) and 960 non-PLHIV (240 men and 720 women). 
The final models adjusted by the Tweedie distribution (p = 1.3) showed stable convergence and good overall fit. Tables 1, 2, and 3 present, respectively, the significant variables of the models for depression, anxiety, and stress.
(insert table 1)

Table 1 – Significant variables in the Depression model (DASS-21)
	Variável
	Estimate (β)
	Erro padrão
	p-valor
	Razão de médias (expβ)
	IC95% (expβ)

	Escolaridade (fundamental)
	-0.643
	0.275
	0.0196
	0.53
	0.31–0.90

	busca_info (3x)
	0.183
	0.065
	0.0048
	1.20
	1.06–1.36

	busca_info (5x_mais)
	0.116
	0.050
	0.0198
	1.12
	1.02–1.24

	info_prev (sim)
	-0.229
	0.054
	<0.001
	0.80
	0.72–0.88

	info_prev (talvez)
	-0.167
	0.065
	0.0099
	0.85
	0.75–0.96

	ansiedade_dass21
	0.036
	0.005
	<0.001
	1.04
	1.03–1.05

	estresse_dass21
	0.092
	0.005
	<0.001
	1.10
	1.09–1.11

	atividades_isolamento (13_a_16)
	-0.221
	0.101
	0.029
	0.80
	0.66–0.98



The depression model identified significant associations with educational attainment, information seeking about COVID-19, and perception of preventive information. Individuals with lower educational attainment had 47% lower depression scores (OR = 0.53; 95% CI: 0.31–0.90). Frequent information seeking about COVID-19 showed a positive association with higher levels of depression, while the perception of having adequate information (info_prevsim) significantly reduced scores. Anxiety and stress scores showed direct associations, reinforcing the internal consistency of the model.
(insert table 2)

Table 2 – Significant variables in the Anxiety model (DASS-21)
	Variável
	Estimate (β)
	Erro padrão
	p-valor
	Razão de médias (expβ)
	IC95% (expβ)

	hivsim
	0.116
	0.047
	0.013
	1.12
	1.03–1.23

	Trabalho (sim)
	0.172
	0.064
	0.0077
	1.19
	1.05–1.35

	Gastos (nao_aplica)
	0.135
	0.062
	0.030
	1.14
	1.01–1.29

	home_office (sim)
	0.117
	0.047
	0.013
	1.12
	1.03–1.23

	busca_info (3x)
	-0.168
	0.074
	0.024
	0.85
	0.73–0.98

	depressao_dass21
	0.041
	0.005
	<0.001
	1.04
	1.03–1.05

	estresse_dass21
	0.115
	0.005
	<0.001
	1.12
	1.11–1.13



In the anxiety model, living with HIV was associated with an average 12% increase in anxiety scores (OR = 1.12; 95% CI: 1.03–1.23). Active work, absence of financial impact, and working from home were also associated with higher levels of anxiety, possibly reflecting occupational overload and job insecurity during the pandemic. Moderate information seeking (3x/week) showed a protective effect, while depression and stress scores maintained a positive correlation, indicating structural coherence between emotional dimensions.
(insert table 3)

Table 3 – Significant variables in the Stress model (DASS-21)
	Variável
	Estimate (β)
	Erro padrão
	p-valor
	Razão de médias (expβ)
	IC95% (expβ)

	hivsim
	-0.148
	0.030
	<0.001
	0.86
	0.81–0.91

	Gastos (sim)
	0.105
	0.035
	0.0027
	1.11
	1.04–1.19

	home_office (sim)
	-0.075
	0.031
	0.016
	0.93
	0.87–0.99

	Escolaridade (graduacao)
	0.119
	0.044
	0.0069
	1.13
	1.03–1.23

	Escolaridade (pos_graduacao)
	0.215
	0.049
	<0.001
	1.24
	1.13–1.36

	risco_covid (sim)
	0.082
	0.034
	0.015
	1.09
	1.02–1.16

	info_prev (talvez)
	-0.198
	0.049
	<0.001
	0.82
	0.75–0.90

	depressao_dass21
	0.049
	0.003
	<0.001
	1.05
	1.04–1.06

	ansiedade_dass21
	0.050
	0.004
	<0.001
	1.05
	1.04–1.06




The stress model showed an inverse association between HIV and stress scores, indicating lower stress levels among people living with HIV (OR = 0.86; 95% CI: 0.81–0.91). Higher education was associated with higher scores, while working from home proved to be protective. Uncertain perception about preventive information was associated with lower stress, possibly reflecting a psychological avoidance effect. On the other hand, higher self-perception of risk for COVID-19 and the presence of symptoms of anxiety and depression correlated positively with stress, demonstrating convergence between emotional domains.
Analysis of robustness to unmeasured confounding (E-value)

In order to assess the robustness of the observed associations against possible unmeasured confounders, evidence values ​​(E-values) were calculated for HIV exposure in each of the three adjusted models (depression, anxiety, and stress).
For the anxiety model, the ratio of means associated with HIV was 1.12 (95% CI 1.03–1.23), corresponding to an E-value of 1.50 for the point estimate and 1.19 for the lower limit of the confidence interval.
In the stress model, where the association was inverse (ratio of means = 0.86; 95% CI 0.81–0.91), the E-value calculated after inverting the ratio was 1.59 for the point estimate and 1.41 for the lower limit.
Finally, in the depression model, the association with HIV was weaker (ratio of means = 1.05; 95% CI 0.97–1.14), with an E-value of 1.28 for the point estimate and 1.00 for the lower limit, indicating a lack of robustness, since the confidence interval includes the null value.
These results suggest that the associations found for anxiety and stress show moderate resistance to the influence of unmeasured confounders, while the association with depressive symptoms is sensitive to possible uncontrolled residual variables.
Discussion

Depression, anxiety and stress are psychological conditions widely studied in the literature, especially in the most emotionally vulnerable population such as people living with HIV and during the covid-19 pandemic there was a considerable increase in the worsening of symptoms in relation to mental health in the general population. These three psychological conditions can cause significant impacts, drastically reducing the quality of life of individuals, which can lead to the worsening of psychiatric conditions and also have a major impact on the mental health of the population and the public health system. (Aghaie & Barzegar, 2024, 2024; Al Ani et al., 2024; Bhaskaran et al., 2021; Canet-Juric et al., 2020; Choi et al., 2016; Costa et al., 2018; Gu et al., 2024; Huang et al., 2022; Jones, Ballivian, et al., 2021; Jones, Morgan, et al., 2021; Khatooni et al., 2024; Li et al., 2024; Mari & Oquendo, 2020; Marziali et al., 2020; Raony et al., 2020; Rodrigues da Silva et al., 2021; Salari et al., 2024; Siewe Fodjo et al., 2020; Silveira et al., 2012; Wang et al., 2020b).
According to World Health Organization (WHO) depression is a common mental health condition characterized by a low mood or loss of pleasure or interest in activities for long periods of time. The individual can experience disturbed sleep, changes on appetite, feelings of low self-worth, thoughts about dying and hopelessness about the future. Also, symptoms related to tiredness and poor concentration are common and can bring prejudice to social coexistence and daily activities. Worldwide, it is estimated that more than 300 million people of all ages suffer from this disorder and it is estimated that more than 300 million people suffer from it. The condition is the result of a complex interaction of social, psychological and biological factors and appropriate treatment in general may include psychotherapy, regular exercise and, in some cases, the use of psychiatric medication in addition to lifestyle changes. Delays in screening and diagnosing symptoms can have major negative impacts on an individual's social, professional and family life, as well as impact the healthcare system as a whole (World Health Organization, 2021, 2025).
Anxiety can be understood as a normal manifestation of an emotional state and allows the individual to be alert to dangers and take measures to survive threats or adapt to unknown circumstances. Anxiety is considered pathological when it results in significant suffering or functional impairment and can become a disorder when the suffering is exaggerated and persistent. Symptoms can be psychological, but also physical, such as tachycardia and sweating (Frota et al., 2022; World Health Organization, 2021).
Stress, like anxiety, can also be considered a natural reaction of the body when we experience dangerous or threatening situations. This reaction is intended to put us in a state of alert, causing physical and emotional changes as a way of preparing to "fight or flight". The reaction to stress is a biological attitude necessary for adapting to new situations, but when the symptoms are exacerbated or inconsistent with the situation experienced by the individual, it can cause great harm to the individual's mental health. One of the serious consequences related to exposure to prolonged stress is physical and emotional exhaustion. During the COVID-19 pandemic, the population's stress levels increased dramatically, as we found ourselves facing a threat that was initially unknown and that caused widespread apprehension and fear. Post-traumatic stress disorder were also observed on patients who had been infected by the virus during the pandemic (World Health Organization, 2021, 2022)
The results revealed distinct patterns of association between HIV and different emotional domains. While depression did not show a direct relationship with HIV, anxiety was higher and stress lower among people living with HIV. This dissociation suggests distinct adaptive mechanisms, in which prolonged experience with the infection and psychosocial support can modulate specific emotional responses.
The findings regarding contextual variables reinforce the influence of occupational and educational conditions on mental health. In the anxiety model, active work and working from home were associated with greater anxiety, reflecting the psychosocial pressures of the work environment during the pandemic. In the stress model, higher education and self-perception of risk proved to be aggravating factors, while working from home was protective. In depression, the intensive search for information and the perception of a lack of informational preparedness were relevant predictors, highlighting the role of cognitive exposures in psychological distress.
The use of overlap weighting provided excellent balance between groups and reduced biases associated with the distribution of HIV, allowing valid marginal interpretations under the framework of Marginal Structural Models (MSM). The Tweedie distribution proved particularly suitable for asymmetric continuous outcomes, conferring statistical robustness and causal interpretability to the estimates.
Interpretation of E-values ​​and causal robustness

The E-value analysis provided a quantitative assessment of the causal robustness of the fitted models, considering the possibility of unmeasured confounding.
The value of 1.50 obtained for the anxiety model indicates that, to completely eliminate the observed association between HIV and anxiety symptoms, an unmeasured confounder would be necessary that is simultaneously associated with exposure and outcome with a minimum mean ratio of 1.5 — a relatively high value, which reinforces the stability of the estimate.
Similarly, the inverse association observed between HIV and stress had an E-value of 1.59, suggesting that only a confounder with an association magnitude close to 1.6 with both terms could negate the observed effect. This result denotes moderate to high robustness against residual confounding.
In contrast, the model for depression had an E-value of 1.28, with a lower limit of 1.0, demonstrating that the observed effect is not robust to unmeasured confounding and should be interpreted with caution.
In general, the E-values ​​complement the causal analysis performed using overlap weighted models, providing evidence that the associations between HIV and anxiety/stress are consistent and unlikely to be explained by moderate residual confounding. However, the lack of robustness for the outcome of depression suggests that unmeasured factors—such as social support, treatment adherence, or previous psychiatric comorbidities—may have contributed to weakening this relationship.
Conclusion
The models demonstrated specific differences in the emotional dimensions of the DASS-21 between people living with and without HIV. HIV was not associated with depression, but was related to greater anxiety and less stress. Higher education, financial losses, working from home, perceived risk of COVID-19, frequency of information seeking and the number of leisure activities were additional predictors of psychological symptoms. The study emphasize that mental health outcomes were shaped by a complex interplay between clinical condition, work and financial context, information exposure and behavioral adaptation, underscoring the need for tailored psychosocial interventions for PLHIV and the general population.
Limitations:
Limitations of the study includes potential biases such as a single-center design and the observational nature of the study, which could not adequately control the unobservable variables in question. The unicentric nature of the study is a factor that can reduces the external validity of the results and the use of convenience sampling (non-probabilistic) could also generate interference in the results obtained. Other limitations are the non-inclusion of potential important factors in the questionnaire that could better explain the variability of the data.
It is worth highlighting the importance of predictors for depression, anxiety and stress evaluated in this study so appropriate public health strategies can be designed and individualized aimed at providing support and psychological assistance for PLHIV, given the great clinical impact generated on health physical and mental health of this population during COVID-19.
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