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Background: Given the continuing challenges frailty poses among people living 
with human immunodeficiency virus (HIV) (PLHIV), accumulating evidence 
suggests that frailty is linked to psychological factors. However, the mutual 
influences of resilience, depression, and frailty have not yet been clarified. 
This study aimed to identify the potential mechanistic pathway through which 
psychological factors mitigate frailty.

Methods: Data were collected from June to August 2019 by trained investigators 
through face-to-face interviews with 375 HIV-positive Chinese adults. Each 
participant completed structured questionnaires to collect data in respect of 
their socio-demographic characteristics, and levels of frailty, depression, and 
resilience. These assessment measures included a self-designed questionnaire, 
the Tilburg Frailty Indicator (TFI), the 10-item Center for Epidemiological Studies 
Depression Scale (CES-D-10), and the 10-item Connor-Davidson Resilience Scale 
(CD-RISC-10). SPSS PROCESS macro was used to analyze the mediation and 
moderated mediation models.

Results: The overall prevalence of frailty was 26.4%, and the prevalence of frailty 
among older and younger adults living with HIV was 22 and 31.4%, respectively. 
Mediation analysis showed that an association between resilience and frailty was 
mediated by depression, whereas resilience did not mediate the relationship 
between depression and frailty. Compared to physical frailty, depression was a 
stronger mediator of resilience to psychological frailty. We further found that age 
moderated the indirect effect of resilience on psychological frailty, with resilience 
being a stronger negative predictor of depression and depression being a stronger 
positive predictor of psychological frailty for older PLHIV than for younger PLHIV.

Conclusion: Lower levels of resilience and greater levels of depression may 
be significant risk factors for frailty among PLHIV. Levels of resilience influenced 
frailty directly and frailty was indirectly affected by depression. Therefore, it is 
recommended that PLHIV, especially older patients, should be  encouraged to 
establish positive psychological coping strategies to slow the progression of 
frailty.
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1. Introduction

With the extensive use of highly effective antiretroviral therapy, 
the human immunodeficiency virus (HIV) has gradually been 
transformed from a lethal infection to a manageable chronic 
condition, allowing a growing number of people living with HIV 
(PLHIV) to survive longer with increased quality of life (1, 2). A 
Dutch cohort study further estimated that by 2030, the median age of 
HIV- infected patients would increase by 12.7 years compared to the 
age in 2010, with the proportion of patients aged 50 years or older 
increasing by 73% (3). These developments have required a greater 
focus on reducing PLHIV’s vulnerability to the adverse effects 
associated with aging.

Frailty is a common geriatric syndrome that results from the 
interactions of an individual’s physical, psychological, and social 
environment, which can lead to a series of adverse consequences (4). 
Previous studies found that HIV infection may accelerate the onset of 
the detrimental consequences of aging, leaving PLHIV to face the 
challenge of age-related diseases at an earlier age than their uninfected 
peers (5, 6). Compared with individuals who are not infected, frailty 
occurs approximately 10–15 years earlier, and has a higher prevalence 
in PLHIV, ranging from 5 to 28.6% (7, 8). Although many 
corresponding indicators of frailty have been identified, there is little 
known about the psychosocial factors related to frailty among PLHIV.

Resilience is a psychosocial factor that refers to an individual’s 
ability to recover from negative experiences and adapt well to adversity 
(9). It is becoming increasingly important as a protective factor against 
negative psychological health outcomes that may enable PLHIV to 
overcome the negative effects of the challenges facing this specific 
subsection of the population (10, 11). Studies on non-HIV-infected 
populations have demonstrated that resilience is inversely correlated 
with frailty, implying that people with low levels of resilience may 
experience higher rates of frailty (8, 12). However, the mechanisms 
underlying the effects of resilience on frailty remain unclear. As a 
result of this we developed Hypothesis 1 (H1) as follows: Resilience is 
negatively associated with frailty.

Depression, a common mental disorder in PLHIV, is another 
focus area of research on risk factors of frailty (13). There is 
mounting evidence of a high prevalence of depression among 
PLHIV due to the number of chronic HIV-related problems 
experienced by PLHIV, such as social stigma or inadequate social 
support (14), with estimates that up to 80% of patients are affected. 
With this precept, hypothesis 2 (H2) was developed in the present 
study: Depression is positively predictive of frailty. Extensive 
research on non-HIV infected populations has presented results 
that suggest that severe depressive symptoms are associated with 
lower levels of resilience and greater levels of frailty (13, 15, 16). 
Resilience is a factor known to be associated with positive health 
outcomes, thus hypothesis 3 (H3) was proposed: Resilience plays a 
mediating role in the relationship between the relationship between 
depression and frailty. Also, considering the relationship between 
low resilience and frailty, other potential factors may be involved in 
the progression from low levels of resilience to severe frailty. Prior 
studies have examined the mediating role of depression in other 
relationships (17, 18), yet few studies have explored the underlying 
mediating mechanisms between resilience and frailty. In light of 
this, Hypothesis 4 (H4) was developed: Depression plays a 
mediating role in the relationship between resilience and frailty.

Moreover, with the increase in life expectancy and the extension 
of the period of aging among PLHIV, age-related differences in various 
health indicators have become more pronounced. On the one hand, 
the incidence of frailty increases with age, and the risk of occurrence 
is particularly high in PLHIV aged 50 years or older (7, 19). However, 
a large body of research has shown that there are some differences in 
the physical and mental health of PLHIV across age groups, with older 
adults generally facing additional psychological challenges when 
compared to their uninfected counterparts (20–22). Therefore, the 
relationship between resilience and frailty or depression and frailty has 
different mediating effects and it would seem that these effects are 
dependent on the age of the individual. Consequently, Hypothesis 5 
(H5) was developed as follows: Age is a moderator of the mediating 
effect of depression on the relationship between resilience and frailty 
or resilience on the relationship between depression and frailty.

To investigate the above five hypotheses and determine the 
potential mediating mechanism affecting frailty in a sample of 
HIV-positive Chinese adults, two moderated mediation models were 
constructed (Figure 1). To the best of our knowledge, there are no 
previous studies that have been conducted on the effect of 
psychological factors on frailty in this particular population, and even 
less is known about the mediating role of the relationship between the 
variables. We also intended to test the theory that age moderates the 
mediating relationship associated with frailty.

2. Materials and methods

2.1. Participants and procedure

We selected the First Hospital of Changsha City as the study site 
since it is the municipal designated hospital for HIV and acquired 
immune deficiency syndrome (AIDS) treatment in the provincial 
capital city of Hunan Province. As such it attracts patients with 
characteristics different from those of most of the surrounding 
prefecture-level cities. We  performed a cross-sectional study of 
patients receiving in-or out-patient treatment at this hospital for the 
period June to August 2019. Data in respect of the patients clinical 
characteristics were obtained from the Chinese AIDS registration 
system. A pre-survey was conducted before the official start of the 
study, and the contact details of the participants were obtained. After 
the participants completed the survey all questionnaires were checked 
to ensure that they had been completed correctly and in full, and 22 
invalid questionnaires had to be excluded.

In the present study, the sample size was estimated based on the 

formula for the cross-sectional survey being: n= Z p pα

δ
/ ( )2
2

2

1× − , 

where Zα /2  was the statistic of a significance test, p was the expected 
prevalence rate, and δ  was the margin of error. Considering the 
previous literature on the prevalence of frailty in PLHIV of 40%, 
α δ= =0 05 0 08. , . , a sample size of at least 150 individuals was 
calculated. Considering the validity of the questionnaire and the 
possibility of incomplete or invalid responses, it was decided that the 
sample size should be increased appropriately. The participants had to 
meet the following inclusion criteria: (i) adults (aged ≥18 years) who 
were not pregnant or lactating, (ii) diagnosed with HIV infection or 
AIDS, and (iii) understood the aim of the study and were willing and 
able to complete the questionnaire. This study was designed in 
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accordance with the principles of the Declaration of Helsinki and was 
approved by the Ethical Review Committee of the Xiangya School of 
Public Health, Central South University (XYGW-2019-20). Informed 
consent was obtained from the participants before the study began 
and all data were analyzed after ensuring the participant’s details were 
to be kept confidential (e.g., name and contact details).

2.2. Measures

2.2.1. Socio-demographic characteristics
We conducted face-to-face interviews with a self-designed 

questionnaire to obtain demographic information and assess 

HIV-related factors, including age (18–49 years old, ≥50 years old), 
sex (men, women), ethnicity (Han ethnicity, minority), place of 
residence (rural, urban), employment status (employed, 
unemployed), level of education (primary school or less, junior 
school or above), marital status (married/cohabiting, divorced/
separated, other), living status (lives alone, lives with others), 
monthly income (up to ¥3,000, over ¥3,000), period of infection 
(<5 years, 5–9 years, ≥10 years), showing clinical symptoms/signs 
(yes, no) and route of transmission (homosexual transmission, 
heterosexual transmission, other/unknown). Of these, clinical 
symptoms/signs refer to the presence of persistent fever, ulcerated 
rash, thrush, swollen lymph nodes, and other HIV-related 
symptoms or signs.

FIGURE 1

Hypothesis models of age as a moderator of the relationship between resilience, depression and frailty.
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2.2.2. Frailty
The Tilburg Frailty Indicator (TFI) is a 15-item questionnaire, 

including three dimensions of frailty, namely physical frailty (8 items), 
psychological frailty (4 items) and social frailty (3 items). The 
questionnaire was designed to quantitatively assess frailty status, with 
a total TFI score of ≥5 rendering an individual frailty positive (23). 
Sample items from the scale included “Have you experienced a sudden 
and significant weight loss?” “Did you  feel tired often?” “Did 
you receive enough help from others?” The responses to all items were 
scored and added together to obtain a total frailty score ranging from 
0 to 15, with higher scores indicating a more severe level of frailty. 
Previous studies on the Chinese population have demonstrated that 
the TFI has good cultural adaptability, reliability and validity (24). The 
Cronbach’s α coefficient was 0.677 for the total scale in the 
present study.

2.2.3. Depression
The Center for Epidemiological Studies Depression Scale 

(CES-D), which consists of 10 items taken from the original 30-item 
CES-D Scale (25), was used to evaluate the mental health of the 
participants during the preceding week. The participants’ responses 
were recorded on a 4-point Likert scale (almost never = 0, 
sometimes = 1, often = 2, most of the time = 3), and the items “hopeful 
for the future” and “I am very happy” were reverse scoring items. The 
possible total score ranged from 0 to 30, with higher scores indicating 
greater depressive symptoms. The Cronbach’s α coefficient of the scale 
in this sample was 0.814.

2.2.4. Resilience
The Connor-Davidson Resilience Scale-10 (CD-RISC-10) (26) 

was utilized to measure resilience, which refers to the process and 
ability of individuals to successfully adapt and recover from adversity 
or difficult life experiences. Each item was scored on a 5-point Likert 
scale (never = 1, rarely = 2, sometimes = 3, usually = 4, always = 5), and 
the total score ranged from 10 to 50, with higher scores reflecting 
better resilience. The Cronbach’s α coefficient for the present study 
was 0.879.

2.3. Data analysis

Data were analyzed using IBM SPSS Statistics (version 25.0; SPSS 
Inc., Chicago, United  States). Descriptive statistics involving the 
demographic characteristics of the participants and correlation 
analysis of the key variables were examined. The mediation and 
moderated mediation models were tested using the PROCESS macro 
program for SPSS (Model 4 and Model 59) developed by Hayes.1 The 
bias-corrected non-parametric percentile bootstrap method was used 
for parameter estimation. In total 5,000 random samples were used to 
generate bootstrap confidence intervals to verify whether the indirect 
effects were significant. If the 95% confidence interval (CI) did not 
include zero, the coefficients and indirect effects were to 
be considered significant.

1 http://www.processmacro.org

All p values were two-tailed, with the significance level set at 
0.05. In addition, employment status, level of education, monthly 
income, and presence of clinical symptoms/signs were controlled 
for as covariates in all models, and the study variables 
were standardized.

3. Results

3.1. Demographic characteristics of 
participants

A total of 375 PLHIV were interviewed. Their ages ranged from 
20 to 79 years, with an average age of 48.26 years. The majority of 
participants were men (71.2%), of Han ethnicity (95.7%), married 
(59.2%), and living with others (77.1%). Regarding education level, 
81.1% were junior school graduates or higher. In this study, most 
infections were transmitted sexually. In addition, the prevalence of 
frailty was higher among participants who were older, more educated, 
unemployed, had a lower income, and had clinical symptoms or signs 
(Table 1).

3.2. Correlation between resilience, 
depression, and frailty

The key variables were not normally distributed according to the 
results of the Kolmogorov–Smirnov test; thus, the Spearman rank 
correlation test was used to explore the relationships between the 
variables. The results of the correlation analysis showed that 
depression was negatively correlated with resilience (rs = −0.658, 
p < 0.01), whereas it was positively correlated with total frailty 
(rs = 0.593, p < 0.01). The dimension of social frailty was associated 
with neither depression nor resilience (p > 0.05). In addition, higher 
levels of resilience were associated with lower levels of frailty 
(rs = −0.47, p < 0.01), and older adults reported experiencing increased 
frailty (Z = −3.176, p < 0.01; Table 2).

3.3. Testing the mediating role of 
depression and resilience

Results of the mediating effect between resilience and frailty 
through depression were shown in Table  3. The total effects of 
different pathways were significant except for the social frailty 
dimension, indicating an association between resilience and frailty, 
in particular that resilience negatively predicted frailty. In addition, 
the indirect effects between resilience and total frailty or physical 
frailty or psychological frailty through depression were all 
significant, supporting the mediating role of depression in the 
relationship between resilience and frailty was present and valid. The 
proportion of the mediating effects of depression in total frailty, 
physical frailty and psychological frailty were 82.2, 56.4, and 88.2%, 
respectively.

Results of the mediating effect between depression and frailty 
through resilience were shown in Table  4. The total effect of 
depression on total frailty, physical frailty, and psychological 
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frailty was found to be significant, showing that depression was 
positively associated with frailty. Contrary to our expectations, 
no statistically significant indirect effects of the different 

pathways on frailty were observed, revealing that resilience did 
not play a mediating role in the relationship between depression 
and frailty.

TABLE 1 Different demographic characteristics and the distribution of frailty (n = 375).

Characteristic N (%) Frailty (n,%) χ2 p

Yes (n = 99) No (n = 276)

Age (years old)

  18 ~ 49 200 (53.3) 44 (44.4) 156 (56.5) 4.270 0.039*

  ≥50 175 (46.7) 55 (55.6) 120 (43.5)

Sex

  Men 267 (71.2) 70 (70.7) 197 (71.4) 0.016 0.900

  Women 108 (28.8) 29 (29.3) 79 (28.6)

Ethnicity

  Han ethnicity 359 (95.7) 93 (93.9) 266 (96.4) 1.060 0.303

  Minority 16 (4.3) 6 (6.1) 10 (3.6)

Residence

  Urban 177 (47.2) 51 (51.5) 126 (45.7) 1.005 0.316

  Rural 198 (52.8) 48 (48.5) 150 (54.3)

Employment status

  Employed 220 (58.7) 47 (47.5) 173 (62.7) 6.948 0.008**

  Unemployed 155 (41.3) 52 (52.6) 103 (37.3)

Level of education

  Primary school or less 71 (18.9) 26 (26.3) 45 (16.3) 4.708 0.030*

  Junior school or above 304 (81.1) 73 (73.7) 231 (83.7)

Marital status

  Married/Cohabiting 222 (59.2) 58 (58.6) 164 (59.4) 0.543 0.762

  Divorced/Separated 67 (17.9) 16 (16.2) 51 (18.5)

  Other 86 (22.9) 25 (25.3) 61 (22.1)

Living status

  Lives alone 86 (22.9) 29 (29.3) 57 (20.7) 3.078 0.079

  Lives with others 289 (77.1) 70 (70.7) 219 (79.3)

Monthly income

  Up to ¥3,000 178 (47.5) 58 (58.6) 120 (43.5) 6.669 0.010*

  Over ¥3,000 197 (52.5) 41 (41.4) 156 (56.5)

Length of infection (years)

  <5 104 (27.7) 33 (33.3) 71 (25.7) 4.573 0.102

  5 ~ 9 145 (38.7) 41 (41.4) 104 (37.7)

  ≥10 126 (33.6) 25 (25.3) 101 (36.6)

Clinical symptoms/signs

  Yes 205 (54.7) 80 (80.8) 125 (45.3) 37.092 <0.001**

  No 170 (45.3) 19 (19.2) 151 (54.7)

Route of infection

  Homosexual transmission 98 (26.1) 21 (21.2) 77 (27.9) 2.048 0.359

  Heterosexual transmission 233 (62.1) 64 (64.6) 169 (61.2)

  Others/Unknown 44 (11.7) 14 (14.1) 30 (10.9)

*p < 0.05, **p < 0.001. Comparison between groups using chi-squared test. Bold p values   indicate statistical significance.
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3.4. Testing the moderating effect of age

Moderated mediation analysis was performed in a valid mediating 
relationship. For total frailty and physical frailty, age only moderated 
Path a, more specifically, age moderated the predictive ability of 
resilience for depression. However, age did not play a moderating role 
in Path b and direct pathway (Path c′). In terms of psychological 
frailty, age moderated both the first and the second half of the indirect 
effect of the relationship between resilience and frailty mediated by 
depression (Table  5). As shown in Table  6, there was convincing 
evidence that the indirect effect was stronger for older PLHIV than for 
younger PLHIV, in which the 95% bootstrap CI did not include 0. 
Compared to younger PLHIV, resilience was a stronger negative 
predictor of depression and depression was a greater positive predictor 
of psychological frailty in older PLHIV.

4. Discussion

In this study, a moderated mediation model of frailty involving 
resilience, depression, and age was established in HIV-positive 
adults. According to our results, the major findings are as follows: 
(i) frailty was not only highly prevalent among older PLHIV, but 
also among younger PLHIV; (ii) resilience could predict frailty 
directly or indirectly, affecting frailty via depression; (iii) resilience 
does not play a mediating role in the relationship between 

depression and frailty; and (iv) age moderated the indirect effect of 
resilience on psychological frailty, with the effect of resilience on 
depression or the effect of depression on psychological frailty being 
more strongly associated with older PLHIV than with younger 
PLHIV. Our findings provide the first epidemiological evidence of 
the mediating role of depression in the relationship between 
resilience and frailty in HIV-positive adults, implying that the onset 
of frailty can be  mitigated to a certain extent through the 
development of greater resilience and reduction of depressive  
symptoms.

The occurrence of frailty among PLHIV not only depends on 
aging, psychology and social environment but also on the adverse 
consequences of HIV infection experienced by 
PLHIV. Mitochondrial dysfunction induced by antiretroviral drug 
therapy in PLHIV may be associated with increased levels of frailty, 
causing frailty to occur not only in older PLHIV (27). In addition, 
the existing literature provides evidence that immune system 
dysfunction and persistent chronic inflammation caused by HIV 
infection accelerates the onset and degenerative process of frailty 
(28, 29). In the present study, frailty was more common in older 
PLHIV than in younger PLHIV, which is consistent with previous 
studies (30, 31). In addition, the overall prevalence of frailty among 
our participants was 26.4%, which is higher than the results of a 
meta-analysis of older individuals in the Chinese community 
(which ranged from 5.9 to 17.4%) (32). As frailty can be improved 
by implementing a wide range of interventions, we  submit that 

TABLE 2 Age difference and correlation among resilience, depression and frailty.

Variable Younger PLHIV 
(n = 200)

Older PLHIV 
(n = 175)

1 2 3 4 5

M (IQR) M (IQR)

1. Total frailty scores 3.00 (3.00) 3.5 (3.5)** 1.00

2. Physical frailty scores 1.00 (2.00) 2.00 (3.00) 0.832** 1.00

3. Psychological frailty scores 1.00 (1.00) 1.00 (1.00) 0.649** 0.376** 1.00

4. Social frailty scores 1.00 (1.00) 1.00 (1.00) 0.316** −0.052 −0.028 1.00

5. Resilience scores 40.00 (11.00) 39.00 (10.00) −0.470** −0.387** −0.493** 0.007 1.00

6. Depression scores 7.00 (6.00) 6.00 (8.00) 0.593** 0.454** 0.682** 0.010 −0.658**

M, median; IQR, interquartile range. **p < 0.01. Comparison between groups using Mann–Whitney U-test.

TABLE 3 Results of mediating effect for depression between resilience and frailty.

Paths Bootstrap effects

Total effect LLCI ULCI Indirect effect LLCI ULCI

Resilience → Depression 

→ Total frailty

−0.455 −0.542 −0.367 −0.374 −0.461 −0.290

Resilience → Depression 

→ Physical frailty

−0.477 −0.618 −0.336 −0.269 −0.364 −0.184

Resilience → Depression 

→ Psychological frailty

−0.491 −0.565 −0.418 −0.433 −0.510 −0.361

Resilience → Depression 

→ Social frailty

0.004 −0.075 0.084 −0.013 −0.100 0.070

LLCI, Lower Limit 95% Confidence Interval; ULCI, Upper Limit 95% Confidence Interval. Bold numbers in the table indicated statistically significant at 0.05, which bootstrap interval did not 
include 0.
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clinicians should focus their attention on attempting to prevent and 
slow down the onset and process of frailty.

The previous theoretical framework model considered 
psychological functioning to have a greater impact on frailty than 
physical function (33), therefore we chose to examine the effects of 
resilience and depression on frailty in this study. We found a strong 
negative association between frailty and resilience as well as a strong 
positive association with depression, with the ultimate results 
supporting and confirming H1 and H2. This finding validates existing 
evidence that resilience has been reported to be a protective factor 
against the low health-related quality of life problems such as disability 
and chronic disease (34, 35), This suggests that high levels of resilience 
may be useful in improving the well-being and quality of life of PLHIV 
who experience the onset of frailty. Consistent with the results of 
previous studies, depression was found to be a risk factor for frailty 
(36), indicating that depressed PLHIV are more likely to 
develop frailty.

Furthermore, this study explored the mediating role of 
depression in the relationship between resilience and frailty among 

PLHIV. The results confirmed the validity of H4 and suggested that 
resilience not only affected frailty directly but also indirectly via 
depression. It is well known that PLHIV suffer many negative 
physical, psychological, and financial consequences, which may 
lead to low levels of resilience and eventually depression (37). The 
evidence to date supports the notion that depression and frailty are 
distinct structures with moderate overlap. A review of recent 
clinical and preclinical evidence has emphasized that depression is 
a risk factor for frailty, which may be  explained by several 
mechanisms. Depressive disorder, a comorbid condition in PLHIV, 
is associated with impaired motivation and reduced treatment 
adherence (38). It has also been suggested that individuals with 
depression have high levels of inflammatory cytokines, which may 
stimulate the brain and lead to changes in nervous system function 
(39, 40). Elevated levels of inflammatory cytokines are strongly 
associated with the onset of neurological dysfunction in the brain 
(41), and similar biological mechanisms provide a plausible 
explanation for the strong correlation between depression 
and frailty.

TABLE 4 Results of mediating effect for resilience between depression and frailty.

Paths Bootstrap effects

Total effect LLCI ULCI Indirect effect LLCI ULCI

Depression → Resilience 

→ Total frailty

0.586 0.510 0.662 0.054 −0.204 0.127

Depression → Resilience 

→ Physical frailty

0.627 0.497 0.758 0.046 −0.079 0.167

Depression → Resilience 

→ Psychological frailty

0.608 0.548 0.669 0.081 −0.018 0.142

Depression → Resilience 

→ Social frailty

0.007 −0.070 0.010 −0.012 −0.094 0.064

LLCI, Lower Limit 95% Confidence Interval; ULCI, Upper Limit 95% Confidence Interval. Bold numbers in the table indicated statistically significant at 0.05, which bootstrap interval did not 
include 0.

TABLE 5 Results of age as a moderator on the relation between resilience on frailty via depression.

Outcome, predictor Indicator β SE t LLCI ULCI

R2 F

Depression

  Resilience × Age 0.510 54.518** −0.196 0.074 −2.648** −0.342 −0.050

Total frailty

  Depression × Age
0.501 40.791**

−0.059 0.105 −1.580 −0.372 0.041

  Resilience × Age −0.166 0.107 −0.232 −0.411 0.009

Physical frailty

  Depression × Age
0.356 22.436**

−0.058 0.183 −0.319 −0.418 0.301

  Resilience × Age −0.332 0.181 −1.835 −0.688 0.024

Psychological frailty

  Depression × Age
0.566 59.410**

−0.213 0.085 −2.511* −0.380 −0.046

  Resilience × Age −0.162 0.084 −1.936 −0.327 0.003

*p < 0.05, **p < 0.001. LLCI, Lower Limit 95% Confidence Interval; ULCI, Upper Limit 95% Confidence Interval. Bold numbers in the table indicated statistically significant at 0.05, which 
bootstrap interval did not include 0.
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Unfortunately, resilience had no indirect effect on the relationship 
between depression and frailty, implicating that resilience did not play 
a mediating role. This was unexpected, as a mediating role for 
resilience was found in previous studies (42). Clearly, a greater impact 
of depression on frailty compared to the impact of resilience on frailty 
contributed to the fact that the effect of depression on frailty was not 
mediated by psychological resilience in this study. Also, it is difficult 
to compare our sample to the geriatric population and to assess 
resilience and frailty with different measurements compared to other 
similar studies.

We further found that age moderated both the first and second 
half pathways of the indirect effect of resilience on psychological 
frailty, whereas only the first half of the pathway on physical frailty was 
moderated. The moderating effect on the relationship between 
resilience and depression was more pronounced in older PLHIV than 
in younger patients, indicating that resilience is a stronger negative 
predictor of depression in older PLHIV. Resilience may be associated 
with improvements in physical and psychological health and it is likely 
to increase with age. Earlier studies on the general population 
confirmed that older people have higher levels of resilience than 
younger people (34). Older people with high levels of resilience 
usually have more life experience and are able to cope better with 
adversity and stress than younger people. In addition, depression was 
more predictive of psychological frailty in older PLHIV compared to 
younger PLHIV, which is associated with older PLHIV experiencing 
the shock of aging, disease distress and HIV infection simultaneously 
(43). Unexpectedly, no association was evident between the direct and 
the second half of the indirect pathway of resilience to physical frailty 
across age subgroups. This suggests a stronger association between 
physical frailty and aging than the association with psychological 
function (44).

5. Limitations

This study has several limitations. First, the sample was selected 
only from the patients who attend the First Hospital of Changsha City, 
which is not representative of all PLHIV. Second, the data were 
obtained from participants’ subjective reports and may be susceptible 
to participant bias. Third, this was a cross-sectional research design 
based on a questionnaire, and the results may not be able to fully 
determine the causal relationships between the variables. Future 
longitudinal studies with larger sample sizes are needed to explore the 
underlying mechanisms of frailty in PLHIV in greater detail. In 
addition, the complex etiology of frailty requires multidisciplinary 
intervention and treatment. There may also be other related factors 
that mediate or moderate the relationship between resilience and 
frailty, which necessitates further investigation.

Despite these limitations, this study revealed an association 
between resilience, depression, and frailty in PLHIV. In addition, it 
also identified a potential pathway for the occurrence of frailty in 
PLHIV that could provide new insights and suggestions for reducing 
the incidence of frailty by encouraging positive coping mechanisms in 
the face of negative events and increasing levels of resilience to buffer 
against depression.

6. Conclusion

The present study revealed that the issue of frailty in PLHIV should 
not be trivialized and that the current status of frailty in both older and 
younger PLHIV is not optimistic. Moreover, we found an association 
between an early onset of frailty and low levels of resilience, which was 
mediated by depression. Thus, in addition to focusing on the impact of 
physical functioning on frailty, it is critical for healthcare staff to take 
appropriate measures to assist patients develop effective psychological 
coping strategies to improve mental resilience, especially in older 
patients. In implementing such interventions, it would be beneficial to 
promote the maintenance of psychological well-being in PLHIV to 
reduce depression and ultimately to attempt to mitigate the 
consequences of frailty to a certain extent.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and 
approved by the Ethical Review Committee of Xiangya School of 
Public Health, Central South University (XYGW-2019-20). The 
patients/participants provided their written informed consent to 
participate in this study.

Author contributions

LM: methodology, formal analysis, roles and writing-original 
draft, and writing-review and editing. DC: investigation, data curation, 
and methodology. PH: supervision, validation, visualization, and 
resources. MY: investigation and formal analysis. CZ: validation and 
visualization. XL: funding acquisition, project administration, and 

TABLE 6 Results of the moderating effect of age in the indirect effects of resilience on psychological frailty.

Groups Resilience → Depression Depression → Psychological frailty

Effect LLCI ULCI Effect LLCI ULCI

Younger PLHIV −0.601 −0.694 −0.508 0.437 0.522 0.779

Older PLHIV −0.767 −0.880 −0.655 0.650 0.329 0.545

LLCI, Lower Limit 95% Confidence Interval; ULCI, Upper Limit 95% Confidence Interval. Bold numbers in the table indicated statistically significant at 0.05, which bootstrap interval did not 
include 0.

https://doi.org/10.3389/fpubh.2023.1128309
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Meng et al. 10.3389/fpubh.2023.1128309

Frontiers in Public Health 09 frontiersin.org

writing-review and editing. All authors contributed to the article and 
approved the submitted version.

Funding

This research was supported by the Natural Science Foundation 
of Hunan Province (grant no. 2022JJ30779).

Acknowledgments

We are very grateful to the nurses at the First Hospital of 
Changsha for their great support and assistance at the study site, and 
are also particularly thankful to the people living with HIV for their 
patience and cooperation.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Marcus JL, Leyden WA, Alexeeff SE, Anderson AN, Hechter RC, Hu H, et al. 

Comparison of overall and comorbidity-free life expectancy between insured adults with 
and without HIV infection, 2000–2016. JAMA Netw Open. (2020) 3:e207954. doi: 
10.1001/jamanetworkopen.2020.7954

 2. Marcus J, Chao C, Leyden W, Xu L, Quesenberry C, Klein D, et al. Narrowing the 
gap in life expectancy between HIV-infected and HIV-uninfected individuals with 
access to care. J Acquir Immune Defic Syndr. (2016) 73:39–46. doi: 10.1097/
qai.0000000000001014

 3. Smit M, Brinkman K, Geerlings S, Smit C, Thyagarajan K, Sighem AV, et al. Future 
challenges for clinical care of an ageing population infected with HIV: A modelling 
study. Lancet Infect Dis. (2015) 15:810–8. doi: 10.1016/s1473-3099(15)00056-0

 4. Clegg A, Young JB, Iliffe S, Rikkert MGMO, Rockwood K. Frailty in elderly people. 
Lancet. (2013) 381:752–62. doi: 10.1016/S0140-6736(12)62167-9

 5. Oursler K, Sorkin J. HIV and aging. Int J Infect Dis. (2016) 53:59–60. doi: 10.1016/j.
ijid.2016.11.414

 6. Zamudio-Rodríguez A, Belaunzarán-Zamudio PF, Sierra-Madero JG, Cuellar-
Rodríguez J, Crabtree-Ramírez BE, Alcala-Zermeno JL, et al. Association between frailty 
and HIV-associated neurodegenerative disorders among older adults living with HIV. 
AIDS Res Hum Retrovir. (2018) 34:449–55. doi: 10.1089/AID.2017.0100

 7. Brañas F, Jiménez Z, Sánchez-Conde M, Dronda F, López-Bernaldo de Quirós JC, 
Pérez-Elías M, et al. Frailty and physical function in older HIV-infected adults. Age 
Ageing. (2017) 46:522–6. doi: 10.1093/ageing/afx013

 8. Kohler S, Rametta R, Poulter M, Vogrin S, Yates P. Resilience, frailty and outcomes 
in geriatric rehabilitation. Australas J Ageing. (2020) 39:e205–9. doi: 10.1111/ajag.12754

 9. Denckla CA, Cicchetti D, Kubzansky LD, Seedat S, Teicher MH, Williams DR, et al. 
Psychological resilience: An update on definitions, a critical appraisal, and research 
recommendations. Eur J Psychotraumatol. (2020) 11:1822064. doi: 
10.1080/20008198.2020.1822064

 10. Mcgowan JA, Brown J, Lampe FC, Lipman M, Smith C, Rodger A. Resilience and 
physical and mental well-being in adults with and without HIV. AIDS Behav. (2018) 
22:1688–98. doi: 10.1007/s10461-017-1980-6

 11. Fletcher FE, Sherwood NR, Rice WS, Yigit I, Ross SN, Wilson TE, et al. Resilience 
and HIV treatment outcomes among women living with HIV in the United States: A 
mixed-methods analysis. AIDS Patient Care STDs. (2020) 34:356–66. doi: 10.1089/
apc.2019.0309

 12. Wong RJ, Mohamad Y, Srisengfa YT, Kent DS, Seetharaman S, Shah RJ, et al. 
Psychological contributors to the frail phenotype: The association between resilience 
and frailty in patients with cirrhosis. Am J Transplant. (2021) 21:241–6. doi: 10.1111/
ajt.16131

 13. Zhao W, Zhang Y, Liu X, Yue J, Hou L, Xia X, et al. Comorbid depressive and 
anxiety symptoms and frailty among older adults: Findings from the West China health 
and aging trend study. J Affect Disord. (2020) 277:970–6. doi: 10.1016/j.jad.2020.08.070

 14. Lu HF, Hsiao FH, Sheng WH, Liao SC, Wu PY, Yang YL, et al. Prevalence and 
predictors of depression among people living with HIV/AIDS: A national study. Nurs 
Res. (2018) 67:379–86. doi: 10.1097/NNR.0000000000000288

 15. Vlasova R, Siddarth P, Krause B, Leaver A, Laird K, St Cyr N, et al. Resilience and 
white matter integrity in geriatric depression. Am J Geriatr Psychiatry. (2018) 26:874–83. 
doi: 10.1016/j.jagp.2018.04.004

 16. Soysal P, Veronese N, Thompson T, Kahl KG, Fernandes BS, Prina AM, et al. 
Relationship between depression and frailty in older adults: A systematic review and 
meta-analysis. Ageing Res Rev. (2017) 36:78–87. doi: 10.1016/j.arr.2017.03.005

 17. Du M, Zhao J, Zhang J, Lau JTF, Mo PKH, Li J. Depression and social support 
mediate the effect of HIV self-stigma on condom use intentions among Chinese HIV-
infected men who have sex with men. AIDS Care. (2018) 30:1197–206. doi: 
10.1080/09540121.2018.1487916

 18. Milic M, Gazibara T, Pekmezovic T, Kisic Tepavcevic D, Maric G, Popovic A, et al. 
Tobacco smoking and health-related quality of life among university students: Mediating 
effect of depression. PLoS One. (2020) 15:e0227042. doi: 10.1371/journal.pone.0227042

 19. Paul RH, Cooley SA, Garcia-Egan PM, Ances BM. Cognitive performance and 
frailty in older HIV-positive adults. J Acquir Immune Defic Syndr. (2018) 79:375–80. doi: 
10.1097/QAI.0000000000001790

 20. Halkitis PN, Krause KD, Vieira DL. Mental health, psychosocial challenges and 
resilience in older adults living with HIV. Interdiscip Top Gerontol Geriatr. (2017) 
42:187–203. doi: 10.1159/000448564

 21. Greene M, Hessol NA, Perissinotto C, Zepf R, Hutton Parrott A, Foreman C, et al. 
Loneliness in older adults living with HIV. AIDS Behav. (2018) 22:1475–84. doi: 10.1007/
s10461-017-1985-1

 22. Chan ASW, Ho JMC, Li JSF, Tam HL, Tang PMK. Impacts of COVID-19 pandemic 
on psychological well-being of older chronic kidney disease patients. Front Med. (2021) 
8:666973. doi: 10.3389/fmed.2021.666973

 23. Gobbens RJ, Van Assen MA, Luijkx KG, Wijnen-Sponselee MT, Schols JM. The 
Tilburg Frailty Indicator: Psychometric properties. J Am  Med Dir Assoc. (2010) 
11:344–55. doi: 10.1016/j.jamda.2009.11.003

 24. Dong L, Liu N, Tian X, Qiao X, Gobbens RJJ, Kane RL, et al. Reliability and validity 
of the Tilburg Frailty Indicator (TFI) among Chinese community-dwelling older people. 
Arch Gerontol Geriatr. (2017) 73:21–8. doi: 10.1016/j.archger.2017.07.001

 25. Zhang W, O’Brien N, Forrest J, Salters K, Patterson T, Montaner J, et al. Validating 
a shortened depression scale (10 item CES-D) among HIV-positive people in British 
Columbia, Canada. PLoS One. (2012) 7:e40793. doi: 10.1371/journal.pone.0040793

 26. Campbell-Sills L, Stein MB. Psychometric analysis and refinement of the Connor-
Davidson Resilience Scale (CD-RISC): Validation of a 10-item measure of resilience. J 
Trauma Stress. (2007) 20:1019–28. doi: 10.1002/jts.20271

 27. Falutz J. Frailty in people living with HIV. Curr HIV/AIDS Rep. (2020) 17:226–36. 
doi: 10.1007/s11904-020-00494-2

 28. Levett T, Cresswell F, Malik M, Fisher M, Wright J. Systematic review of prevalence 
and predictors of frailty in individuals with human immunodeficiency virus. J 
Am Geriatr Soc. (2016) 64:1006–14. doi: 10.1111/jgs.14101

 29. Fukui S, Piggott D, Erlandson K. Inflammation strikes again: Frailty and HIV. Curr 
HIV/AIDS Rep. (2018) 15:20–9. doi: 10.1007/s11904-018-0372-5

 30. Lorenz D, Mukerji S, Misra V, Uno H, Gelman B, Moore D, et al. Multimorbidity 
networks associated with frailty among middle aged and older people with HIV. AIDS. 
(2021) 35:2451–61. doi: 10.1097/qad.0000000000003040

 31. Lorenz D, Mukerji S, Misra V, Uno H, Gelman B, Moore D, et al. Predictors of 
transition to frailty in middle-aged and older people with HIV: A prospective cohort 
study. J Acquir Immune Defic Syndr. (2021) 88:518–27. doi: 10.1097/
qai.0000000000002810

 32. He B, Ma Y, Wang C, Jiang M, Geng C, Chang X, et al. Prevalence and risk factors 
for frailty among community-dwelling older people in China: A systematic review and 
meta-analysis. J Nutr Health Aging. (2019) 23:442–50. doi: 10.1007/s12603-019-1179-9

 33. Kim E, Sok SR, Won CW. Factors affecting frailty among community-dwelling 
older adults: A multi-group path analysis according to nutritional status. Int J Nurs Stud. 
(2021) 115:103850. doi: 10.1016/j.ijnurstu.2020.103850

https://doi.org/10.3389/fpubh.2023.1128309
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1001/jamanetworkopen.2020.7954
https://doi.org/10.1097/qai.0000000000001014
https://doi.org/10.1097/qai.0000000000001014
https://doi.org/10.1016/s1473-3099(15)00056-0
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/j.ijid.2016.11.414
https://doi.org/10.1016/j.ijid.2016.11.414
https://doi.org/10.1089/AID.2017.0100
https://doi.org/10.1093/ageing/afx013
https://doi.org/10.1111/ajag.12754
https://doi.org/10.1080/20008198.2020.1822064
https://doi.org/10.1007/s10461-017-1980-6
https://doi.org/10.1089/apc.2019.0309
https://doi.org/10.1089/apc.2019.0309
https://doi.org/10.1111/ajt.16131
https://doi.org/10.1111/ajt.16131
https://doi.org/10.1016/j.jad.2020.08.070
https://doi.org/10.1097/NNR.0000000000000288
https://doi.org/10.1016/j.jagp.2018.04.004
https://doi.org/10.1016/j.arr.2017.03.005
https://doi.org/10.1080/09540121.2018.1487916
https://doi.org/10.1371/journal.pone.0227042
https://doi.org/10.1097/QAI.0000000000001790
https://doi.org/10.1159/000448564
https://doi.org/10.1007/s10461-017-1985-1
https://doi.org/10.1007/s10461-017-1985-1
https://doi.org/10.3389/fmed.2021.666973
https://doi.org/10.1016/j.jamda.2009.11.003
https://doi.org/10.1016/j.archger.2017.07.001
https://doi.org/10.1371/journal.pone.0040793
https://doi.org/10.1002/jts.20271
https://doi.org/10.1007/s11904-020-00494-2
https://doi.org/10.1111/jgs.14101
https://doi.org/10.1007/s11904-018-0372-5
https://doi.org/10.1097/qad.0000000000003040
https://doi.org/10.1097/qai.0000000000002810
https://doi.org/10.1097/qai.0000000000002810
https://doi.org/10.1007/s12603-019-1179-9
https://doi.org/10.1016/j.ijnurstu.2020.103850


Meng et al. 10.3389/fpubh.2023.1128309

Frontiers in Public Health 10 frontiersin.org

 34. Silverman AM, Molton IR, Alschuler KN, Ehde DM, Jensen MP. Resilience 
predicts functional outcomes in people aging with disability: A longitudinal 
investigation. Arch Phys Med Rehabil. (2015) 96:1262–8. doi: 10.1016/j.apmr.2015.02.023

 35. Ludolph P, Kunzler AM, Stoffers-Winterling J, Helmreich I, Lieb K. Interventions 
to promote resilience in cancer patients. Dtsch Arztebl Int. (2019) 51-52:865–72. doi: 
10.3238/arztebl.2019.0865

 36. Liu M, Hou T, Nkimbeng M, Li Y, Taylor J, Sun X, et al. Associations between 
symptoms of pain, insomnia and depression, and frailty in older adults: A cross-
sectional analysis of a cohort study. Int J Nurs Stud. (2021) 117:103873. doi: 10.1016/j.
ijnurstu.2021.103873

 37. Perazzo J, Currie J, Horvat Davey C, Lambert J, Webel A. Depression and social 
capital in people living with HIV. J Psychiatr Ment Health Nurs. (2020) 27:54–61. doi: 
10.1111/jpm.12552

 38. el-Halabi S, Cooper D, Cha D, Rosenblat J, Gill B, Rodrigues N, et al. The effects 
of antidepressant medications on antiretroviral treatment adherence in HIV-positive 
individuals with depression. J Affect Disord. (2022) 300:219–25. doi: 10.1016/j.
jad.2021.12.083

 39. Troubat R, Barone P, Leman S, Desmidt T, Cressant A, Atanasova B, et al. 
Neuroinflammation and depression: A review. Eur J Neurosci. (2021) 53:151–71. doi: 
10.1111/ejn.14720

 40. Kim Y, Na K, Myint A, Leonard B. The role of pro-inflammatory cytokines in 
neuroinflammation, neurogenesis and the neuroendocrine system in major depression. 
Prog Neuropsychopharmacol Biol Psychiatry. (2016) 64:277–84. doi: 10.1016/j.
pnpbp.2015.06.008

 41. Navarro-Martínez R, Serrano-Carrascosa M, Buigues C, Fernández-Garrido J, 
Sánchez-Martínez V, Castelló-Domenech A, et al. Frailty syndrome is associated with 
changes in peripheral inflammatory markers in prostate cancer patients undergoing 
androgen deprivation therapy. Urol Oncol. (2019) 37:976–87. doi: 10.1016/j.
urolonc.2019.08.005

 42. Yao M, Chen D, Meng L, Zhou C, Li X. Mediating effects of resilience on frailty 
and depression among older Chinese people living with HIV/AIDS: A cross-sectional 
study in Hunan. Trans R Soc Trop Med Hyg. (2022) 117:229–36. doi: 10.1093/trstmh/
trac105

 43. Chan ASW, Leung LM, Li JSF, Ho JMC, Tam HL, Hsu WL, et al. Impacts of 
psychological wellbeing with HIV/AIDS and cancer among sexual and gender 
minorities: A systematic review and meta-analysis. Front Public Health. (2022) 
10:912980. doi: 10.3389/fpubh.2022.912980

 44. Mitnitski A, Collerton J, Martin-Ruiz C, Jagger C, von Zglinicki T, Rockwood K, 
et al. Age-related frailty and its association with biological markers of ageing. BMC Med. 
(2015) 13:161. doi: 10.1186/s12916-015-0400-x

https://doi.org/10.3389/fpubh.2023.1128309
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.apmr.2015.02.023
https://doi.org/10.3238/arztebl.2019.0865
https://doi.org/10.1016/j.ijnurstu.2021.103873
https://doi.org/10.1016/j.ijnurstu.2021.103873
https://doi.org/10.1111/jpm.12552
https://doi.org/10.1016/j.jad.2021.12.083
https://doi.org/10.1016/j.jad.2021.12.083
https://doi.org/10.1111/ejn.14720
https://doi.org/10.1016/j.pnpbp.2015.06.008
https://doi.org/10.1016/j.pnpbp.2015.06.008
https://doi.org/10.1016/j.urolonc.2019.08.005
https://doi.org/10.1016/j.urolonc.2019.08.005
https://doi.org/10.1093/trstmh/trac105
https://doi.org/10.1093/trstmh/trac105
https://doi.org/10.3389/fpubh.2022.912980
https://doi.org/10.1186/s12916-015-0400-x

	A moderated mediation analysis of depression and age on the relationship between resilience and frailty among HIV-positive adults
	1. Introduction
	2. Materials and methods
	2.1. Participants and procedure
	2.2. Measures
	2.2.1. Socio-demographic characteristics
	2.2.2. Frailty
	2.2.3. Depression
	2.2.4. Resilience
	2.3. Data analysis

	3. Results
	3.1. Demographic characteristics of participants
	3.2. Correlation between resilience, depression, and frailty
	3.3. Testing the mediating role of depression and resilience
	3.4. Testing the moderating effect of age

	4. Discussion
	5. Limitations
	6. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	﻿References

