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Abstract

Background

Studies addressing frailty are limited in the global south, including Ethiopia. We estimated
the prevalence of frailty and associated factors among older people living with HIV (PLHIV)
attending a large Comprehensive Specialized Hospital in southern Ethiopia.

Methods

A systematic sample of 187 PLHIV and 187 HIV-negative controls > 50 years old were
recruited between October 1 and November 30, 2021. Data on socio-demographic, beha-
vioural and clinical characteristics were collected using a structured questionnaire. Frailty
assessments were completed using the brief frailty instrument (B-FIT-2), which consists of 6
components. Scoring 5-6 points was frail, 2—4 points were pre-frail and below 2 was consid-
ered as non-frail. Logistic regression model was used to measure association between
variables.

Results

Median (IQR) age was 53 (50, 80) for PLWH and 59 (55-66) for controls. Prevalence of
frailty was 9.1% for PLHIV Versus 5.9% for controls. A significant proportion of PLHIV was
pre-frail; 141 (75.4%) compared to controls 110 (58.8%). Pre-frailty status was associated
with HIV diagnosis (adjusted odds ratio (aOR) 4.2; 95% CI 1.8-9.9), low age (aOR 0.3; 95%
Cl 0.1-0.6), lower educational attainment (aOR 2.2; 95% CI 1.0-4.9), being farmer (aOR
3.2; 95% CI 1.0-10.2) and having high or low body mass index (BMI) (aOR 11.3; 95% Cl
4.0-25.8). HIV diagnosis (aOR 9.7; 95% CI 1.6-56.8), age (aOR 0.2; 95% CI 0.1-0.7),
lower educational attainment (aOR 5.2; 95% Cl 1.5-18.2), single status (aOR 4.2; 95% Cl
1.3-13.6), farmer (aOR 19.5; 95% CI 3.5-109.1) and high or low BMI (aOR 47.3; 95% CI
13.8-161.9) predicted frailty.
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Conclusion

A high proportion of frailty and pre-frailty was observed in a cohort of older PLHIV attending
care in Southern Ethiopia. Future research should focus on interventions targeting factors
associated with frailty.

Introduction

As the life expectancy of people living with HIV (PLHIV) is improving, they experience a dis-
proportionate amount of comorbidities and premature onset of geriatric syndromes, such as
frailty [1, 2]. Frailty is a marker of vulnerability which is becoming more relevant among
PLHIV as the population ages [3]. Frailty causes diminished physiologic reserve, increased vul-
nerability to stressors and higher risk of falls and comorbidity index [4]. It predisposes individ-
uals to major adverse clinical outcomes, including hospitalization, institutionalization,
disability and death of older adults, as well as lowering quality of life for PLHIV [4, 5].

The Fried Frailty Phenotype (FFP) has previously been used to estimate frailty in commu-
nity-dwelling non-HIV older adults in rural Tanzania [6] and examines 5 domains; weakness,
slow walking speed, unintentional weight loss, low physical activity and exhaustion. Addition-
ally, the Brief Frailty Instrument for Tanzania (B-FIT) was developed from a longitudinal
cohort study in North-eastern Tanzania of community-dwelling people aged 70 and over, and
modelling was used to identify Tanzania-specific frailty markers [7]. The Clinical Frailty Scale,
a pictograph with a short clinical description widely-used in high-income countries for identi-
fication of frailty in older adults [8]. There is no published research regarding its use in SSA.

Prevalence of frailty has been reported in several cohorts of PLHIV. In Colorado, USA 6%
were found to be frail while 38% were pre-frail [9]. In Spain, the prevalence of pre-frailty and
frailty were 39.1% and 4.4%, respectively [4]. In another study, the proportion of mild, moder-
ate, and severe frail elderly patients in a cohort study in were 20%, 50% and 30%, respectively
[10]. There have been a few previous studies of frailty among PLHIV reported in Sub-Saharan
Africa (SSA). However both studies used the FFP as a measure of frailty. The study in South
Africa reported a prevalence rate of 19.4% [2] and in Senegal the prevalence was 3.5% [11]. A
recent paper by Bristow et al. [12], using the B-FIT 2 metric, showed a remarkably low preva-
lence of frailty of 0.68% among PLHIV over 50 years old in northern Tanzania. Neurocogni-
tive impairment, depressive and/or insomnia symptoms, and gender were factors significantly
correlated with frailty [1, 4, 13]. Other studies report that frailty increased with lower educa-
tion, older age, initial efavirenz, smoking, obesity and lower current CD4 count [2, 9].; while
physical activity reduced the risk of frailty [9].

A majority of frailty studies are conducted in the global north and for the few studies con-
ducted in the global south findings differ depending on the geographical setting. For example
factors such as older age and lower CD4 level in South Africa, a relatively rich country in
Africa [2] are different from the factors in Ethiopia (advanced HIV and malnutrition) [14].
We have no data from South Ethiopia where some specific factors like nutritional status might
be associated with frailty.

Identifying the level of frailty and associated factors among aging PLHIV will help us to
design appropriate interventions to prevent frailty [15]. Data on frailty among PLHIV in sub-
Saharan Africa (SSA) countries is scarce and to the best of our knowledge, there is no report
on frailty among PLHIV in Southern Ethiopia. Therefore, in this study we aim to determine
the prevalence and factors associated with frailty status and identify the association between
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clinical variables and individual components of frailty measures among older PLHIV at
Hawassa University Comprehensive Specialized Hospital (HUCSH).

Methods
Study design and setting

We carried out institution based cross-sectional study among PLHIV and HIV-negative con-
trols receiving health care at HUCSH. Hawassa town is the capital of both the Sidama Region
and the Southern Nations and Nationalities Peoples Region (SNNPR) in Ethiopia. The hospital
provides comprehensive health care for patients living with HIV and chronic non-communi-
cable chronic diseases, which includes diabetes mellitus, asthma, hypertension and heart dis-
eases. The anti-retroviral therapy (ART) unit in the hospital was established 15 years ago and
currently provides care for over 2500 PLHIV.

Study population and sample

PLHIV attending the ART unit at HUCSH between October 1 and November 30, 2021 was
considered as the sources population for the exposed group (cases). During the same period,
patients that came for chronic diseases follow-up care, who were HIV negative were consid-
ered as a source population for the non-exposed group (controls). Patients 50 years and over
were included in the study. We recruited every seventh case among HIV negative eligible
patients attending chronic diseases on-going care and every third PLHIV among the cases.
Patients with mental illness and patients below the age of 50 years were excluded from the
study.

The sample size was calculated using Openepi statistical software [16]. We used the follow-
ing assumptions to calculate the sample size. A prevalence of frailty (p) among PLHIV of
54.9% which was reported in Indonesia [13], a 40% prevalence of frailty among non-HIV
patients, 95% level of significance, 80% power and a 1:1 ratio of Unexposed/Exposed were con-
sidered. Based on these assumptions, the total sample size calculated was 187 for PLHIV and
187 for the comparison group (HIV non-infected controls). During data collection, we ran-
domly selected the first participant from PLHIV who came to receive care and then we
recruited every 3™ person to be included in the exposed group. For the non-exposed group, at
the first day of data collection, among participants that came to receive NCD care, we ran-
domly identified the first participant and then every 7™ patient were selected to be included
for the non-exposed group until we achieved the required sample size.

Variables

Exposure measures considered in the study were socio-demographic characteristics such as
gender, age, weight, height, marital status, education, occupation, residence and household
income. Other clinical factors such as time of HIV diagnosis, duration on ART, ART adher-
ence, comorbidities, CD4 count, and Haemoglobin level were also part of our exposure assess-
ment. Viral load was not done regularly at HUCSH and therefore is not a variable in the report
(read more on S1 File). The outcome measure considered in the study was frailty (being frail
or pre-frail).

Frailty assessment

Although the Fried Frailty Phenotype (FFP) is a commonly used non-specialist frailty assess-
ment method in which you get objective data on weakness and walking speed [1, 4, 10, 13, 15],
it is logistically difficult and time consuming. Also, it does not assess cognitive impairment,
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which is a key factor in frailty assessment. Therefore, we chose to use the brief frailty screening
tool (BFIT-2) screening tool. The BFIT-2 is an updated version of a recently developed frailty
metric, intended to be used by non-specialists to screen for frailty in older persons living in
Sub-Saharan Africa (SSA). This tool addresses both the cognitive (the IDEA cognitive screen)
[17] and functional (adapted Barthel Index) [18] screen. The BFIT screening tool is validated
by a study in Tanzania [19] and has questions addressing cognition and physical function
(including mobility, activity of daily living (ADLs) and continence), depression, social support,
nutrition and sensory impairments which are relevant for the Ethiopian population. Nutri-
tional assessment considered in this study was measurement of the BMI. Joining in social
activities and distance vision impairment were also additional variables included in the tool.
The B-FIT screen score has 0 to 6 levels. A score with cut-off values 0-1 was considered as
non-frail, while 2-4 (pre-frail) and 5-6 (frail) [20]. This was evaluated based on the scores
obtained for each criteria found in the B-FIT screening tool. For the B-FIT tool components
there are a set of questions, and in each component a score above the average was considered
as having a problem in the measured component. A point was given for each component
score, then the sum of these values was considered to determine the presence of frailty.

Cognitive function was assessed by using the IDEA cognitive screen [17, 21]. Physical func-
tion was assessed by measuring continence, weakness, exhaustion, mobility, disability, physical
activity and falls [22]. For this we used the Barthel index; falls, hand grip strength (HGS),
timed-up-and-go (TUG) test, Gait speed. Absence of the required value in at least one of these
characteristics was considered as having a problem in physical function. Mobility was assessed
by measuring the TUG test and gait speed over 4.5 meters [23]. Falls were assessed through
self-reported number of falls, both in the last year and in the last two months and weakness
was measured using HGS. Although peak expiratory flow (PEF) is an important parameter in
assessment of weaknesses in frailty, it was not measured because of COVID risks. Exhaustion
was measured by two self-reported questions; ‘I felt that everything I did was an effort’ and ‘I
could not get going’ [24]. Nutritional status was assessed using Body Mass Index (BMI). BMI
value lying between 18.5 and24.9 kg/ht” was considered as normal. Depression was assessed
using the BECKS depression inventory which involves 22 questions [25]. A score of 1-14 was
considered as normal (minimal depression). However, scores above 14 were considered as
having varying degrees of depression [26]. Morbidity was assessed based on self-reported pres-
ence of diseases like anaemia, arthritis, benign prostatic hyperplasia, cancer and etc. Sensory
impairments such as hearing loss and sight problems were assessed and included in the mor-
bidity. We also assessed self-reported social support.

Data collection techniques

A structured questionnaire was used to collect data (see supplementary material). The ques-
tionnaire was developed based on the listed variables in the above section. Data on clinical var-
iables were collected through interviews and record review from October 1 and November 30,
2021. Primary data on socio-demographic characteristics and frailty related variables were
obtained through interview. Besides, the listed variables in the above section, assessment of
patients history of falls, comorbidities, cognition (IDEA cognitive screen), physical function
related questions, nutrition, mood, perceived health, sensory impairment (vision and hearing),
poly-pharmacy and social support was conducted. The questionnaire was first prepared in
English and then translated to Amharic and then translated back to English for checking con-
sistency in meanings. Enumerators (nurses with B. Sc. degree from ART and chronic diseases
follow-up clinics) and a supervisor (MPH student at Hawassa University) were recruited and
training about the objectives and how to administer the questionnaire was given by the
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principal investigator. A pilot study on 5% of the sample was conducted prior to data collec-
tion. Data were collected through face-to-face interview and records review. During the data
collection, safety measures were implemented to prevent the transmission of COVD-19 and
other communicable diseases.

Data analysis

Questionnaires filled were checked for completeness and then data were entered and analysed
using SPSS-20 statistical software. Frequencies were calculated. Both bivariate and multivari-
able logistic regression models were used to identify associated factors. Variables significantly
associated at less than or equal to 0.2 p-value in the bivariate logistic regression model were
entered into a multivariable logistic regression model. The variables income and haemoglobin
level high proportion of missing values and thus were excluded from the adjusted analysis.
Odds ratios and their 95% confidence intervals (CIs) were computed and variables with p-
value less than 0.05 and 95% Cls not crossing the null value were considered for reporting sta-
tistically significant associations.

Ethics

A written ethical clearance was obtained from the institutional review board of Hawassa Uni-
versity, College of Medicine and Health Sciences on 25/06/2021. Reference number: IRB/215/
13. A letter of support was obtained from CMHS, HU. Participants were informed about the
purpose, benefit, risk and confidentiality of the information they provide. Patients were
involved on a voluntary basis. Before starting the interview, informed verbal consent was
obtained from respondents. Participants were informed that they have the right to withdraw
from the study at any time in the course of data collection. Data were analysed anonymously.

Results

A total of 187 PLHIV and 187 HIV negative people were enrolled. The median (IQR) age of
PLHIV 53 (50-58) years and it was 59 (55-66) years for HIV negative controls. The median
(IQR) CD4 count of PLHIV was 570 (393,724) cells/ml, the median (IQR) years since HIV
diagnosis was 13 (11,15) and the median (IQR) years on ART was 12 (9,14). PLHIV were more
likely to live in an urban centre than HIV negatives and also be poorer in terms of income. All
demographic and clinical characteristics for study participants are shown in Table 1.

Table 2 shows the difference in the B-FIT components among PLHIV and controls. Ninety
two (49.2%) PLHIV and 51 (27.3%) of controls had either low or high BMI. A majority of
PLHIV, 120 (64.2%) in comparison to controls 58 (31.0%) had social problems. A higher pro-
portion of PLHIV, 25 (13.4%) than controls, 10 (5.3%) had depression. Also, a high proportion
of PLHIV 15 (8.0%) than controls 4 (2.1) reported a history of falling in the past 2 months.
About three-fourth of cases (71.1%) and 111 (59.4%) of controls had right hand grip strength
(RHGS) of below 30 kg. Nearly equal proportion of the cases 158 (84.5%) and controls 157
(84.0%) had problems in physical function. Majority of the cases, 120 (64.2%) and 58 (31.0%)
of controls faced social function problems. The level of frailty and pre-frailty were higher
among PLHIV than among controls. Except sensory and physical functions all other variables
showed statistically significant differences among PLHIV and HIV-negative controls.

The median (IQR) frailty score was higher for PLHIV; 3 (2-3) compared to controls; 2 (1-
3). Seventeen (9.1%) of PLHIV were frail compared to 11 (5.9%) controls. Among PLHIV, the
proportion of frail was high for both genders, and urban dwellers compared to controls. For
educated people the proportion of frail was also high compared to their counterpart. Among
participants with low or high BMI, nearly similar proportion of cases and controls were frail.
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Table 1. Socio-demographic and clinical characteristics of the study participants.

Characteristics PLHIV, n (%) HIV-uninfected, n (%) Total P-value
Age, median (range) 53 (50, 80) 59 (50-88) 56 (50,88)

CD4 count, median (IQR) 570 (58,3211)

Years with HIV, median (IQR) 13 (11,15)

Years on ART, median (IQR) 12 (9,14)

Age

50-58 years 142 (75.9) 87 (46.5) 229 (61.2) <0.001
> 58 years 45 (24.1) 100 (53.5) 145 (38.8)

Gender

Men 91 (48.7) 113 (60.4) 204 (54.5) 0.02
‘Women 96 (51.3) 74 (39.6) 170, 45.5)

Address

Urban 180 (96.3) 115 (61.5) 295 (78.9) <0.001
Rural 7(3.7) 72 (38.5) 79 (21.1)

Education

No education 43 (23.0) 78(41.7) 121 (32.4) <0.001
Has education 144(77.0) 109(58.3) 253 (67.6)

Marital status

Single life** 95 (50.8) 34(18.2) 129 (34.5) <0.001
Married 92(49.2) 153(81.8) 245(65.5)

Occupation

No job or house wife 50 (26.7) 33(17.6) 83(22.2) <0.001
Farmer or other 13 (7.0) 48 (25.7) 61(16.3)

Has job/pensioned 124 (66.3) 106 (56.7) 230 (61.5)

Income*

< 3000 ETB 76 (55.9) 71(40.6) 147(47.3) 0.007
> 3000 ETB 60 (44.1) 104 (59.4) 164(52.7)

Years with comorbidities®

<8 19 (10.2) 128 (68.4) 147(39.3) < 0.001
> 8 or more 168 (89.8) 59 (31.6) 227(60.7)

Haemoglobin level

< 12 gm/dl 15 (8.2) 10 (6.4) 25(7.3) 0.53
> 12 gm/dl 169 (91.8) 147 (93.6) 316(92.7)

Admission history

Yes 30 (16.0) 127 (67.9) 157(42.0) < 0.001
No 157 (84.0) 60 (32.1) 217(58.0)

ETB = Ethiopian Birr (* = 1 USD = 46.475 ETB); IQR = inter quartile range; PLHIV = people living with HIV; NCD = non communicable disease;
* = Years with HIV for PLHIV or years with the NCDs for controls, Single life

** = includes single, divorced and widowed

https://doi.org/10.1371/journal.pone.0284376.t001

Among PLHIV with haemoglobin level of below 12 gm/dl, there was high prevalence of frailty;
3 (20.0%) (Table 3).

For PLHIV, the proportion of pre-frail was high among both genders, and urban dwellers.
Among educated people the proportion of pre-frail was also high. A significant proportion of
PLWH were found to be pre-frail compared to the controls; 141 (75.4%) vs 110 (58.8%). The
proportions of pre-frail were higher for married and divorced PLHIV than controls. The num-
ber of PLHIV who were pre-frail with an income status of > 64.55 USD was very high
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Table 2. Difference in frailty and its components measures among PLHIV and HIV negative controls.

Characteristics PLHIV, n (%) HIV-uninfected, n (%) Total P-value
BMI

Low or high 92 (49.2) 51 (27.3) 143 (38.2) <0.001
Normal 95 (50.8) 136 (72.7) 231 (61.8)

Social function problem

Yes 120 (64.2) 58 (31.0) 178 (47.6) <0.001
No 67 (35.8) 129 (69.0) 196 (52.4)

ADS score

Cognition problem 73 (39.0) 81 (43.3) 154 (41.2) <0.001
No cognition problem 114 (61.0) 106 (56.7) 220 (58.8)

Low BARTHEL score

Yes 0(0.0) 16 (8.6) 16 (4.3) <0.001
No 187 (100.0) 171 (91.4) 358 (95.7)

BDI score

Yes (> 15) 25 (13.4) 10 (5.3) 35 (9.4) 0.008
No (0-14) 162 (86.6) 177 (94.7) 339 (90.6)

Sensory function impairment

No 155 (82.9) 147 (78.6) 302 (80.7) 0.29
Yes 32 (17.1) 40 (21.4) 72 (19.3)

Falling in the past 2 months

Yes 15 (8.0) 4(2.1) 19 (5.1) 0.01
No 172 (92.0) 183 (97.9) 355 (94.9)

Low TUG test

< 13.5 seconds 6(3.2) 0(0.0) 6 (1.6) 0.01
> 13.5 seconds 181 (96.8) 187 (100.0) 368 (98.4)

Slow gait speed

< 0.8m/s 1(0.5) 13 (7.0) 14 (3.7) 0.001
> 0.8 m/s 186 (99.5) 174 (93.0) 360 (96.3)

Low RHGS

<30kg 133 (71.1) 111 (59.4) 244 (65.2) 0.01
> 30 kg 54 (28.9) 76 (40.6) 130 (34.8)

Physical function problem

No 29 (15.5) 30 (16.0) 59 (15.8) 0.9
Yes 158 (84.5) 157 (84.0) 315 (84.2)

Social function

No problem 67 (35.8) 129 (69.0) 196 (52.4) < 0.001
Has problem 120 (64.2) 58 (31.0) 178 (47.6)

Frailty

Non frail 29 (15.5) 66 (35.3) 95 (25.4) < 0.001
Pre-frail 141 (75.4) 110 (58.8) 251 (67.1)

Frail 17 (9.1) 11 (5.9) 28 (7.5)

BMI = body mass index; PLHIV = people living with HIV; NCD = non communicable disease; m/s = meter per second; TUG test = time up go test; BDI = becks

depression inventory; RHGS = right hand grip strength

https://doi.org/10.1371/journal.pone.0284376.t002

compared to the controls. Nearly similar proportions of cases and controls were pre-frail
among participants with low or high BMI. Among PLHIV with a haemoglobin level of below
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Table 3. Proportion of frail, pre-frail and non-frail among PLHIV and HIV-negative patients by various characteristics.

Characteristics PLHIV, n (%) HIV-uninfected, n (%)

Non-frail, n (%) | Pre-frail, n (%) | Frail, n (%) Non-frail, n (%) ‘ Pre-frail, n (%) ‘ Frail, n (%)
Median frailty score 3.0 (0, 6) 2.0 (0, 6)
All participants 29 (15.5) 141 (75.4) 17 (9.1) 66 (35.3) 110 (58.8) 11 (5.9)
Age
50-58 years 26 (18.3) 106 (74.6) 10 (7.3) 47 (54.0) 36 (41.4) 4 (4.6)
> 58 years 3(6.7) 35(77.8) 7 (15.6) 19 (19.0) 74 (74.0) 7 (7.0)
Gender
Men 19 (20.9) 66 (72.5) 6(6.6) 38 (33.6) 65 (57.5) 10 (8.8)
‘Women 10 (10.4) 75 (78.1) 11 (11.5) 28 (37.8) 45 (60.8) 1(1.4)
Address
Urban 28 (15.6) 135 (75.0) 17 (9.4) 57 (49.6) 56 (48.7) 2(1.7)
Rural 1(14.3) 6 (85.7) 0(0.0) 9 (12.5) 54 (75.0) 9 (12.5)
Education
No education 5(11.6) 33 (76.7) 5(11.6) 10 (12.8) 58 (74.4) 10 (12.8)
Educated 24 (16.7) 108 (75.0) 12 (8.3) 56 (51.4) 52 (47.7) 1(0.9)
Marital status
Single 14 (14.7) 68 (71.6) 13 (13.7) 7 (20.6) 22 (64.7) 5(14.7)
Married 15 (16.3) 73 (79.3) 4(4.3) 59 (38.6) 88 (57.5) 6(3.9)
Occupation
House wife/No job 2 (4.0) 41 (29.1) 7 (14.0) 6(18.2) 26 (78.8) 1(3.0)
Farmer or other 2 (15.4) 9 (6.4) 2 (15.4) 4(8.3) 35(72.9) 9 (18.8)
Has job/Pensioned 25(20.2) 91 (64.5) 8(6.5) 56 (52.8) 49 (46.2) 1(0.9)
Income
< 3000 ETB 12 (15.8) 57 (75.0) 7(9.2) 10 (14.1) 55 (77.5) 6 (8.5)
> 3000 ETB 12 (20.0) 47 (78.3) 1(1.7) 52 (50.0) 47 (45.2) 5(4.8)
BMI
Low or high 6 (6.5) 74 (80.4) 12 (13.0) 3(5.9) 40 (78.4) 8 (15.7)
Normal 23 (24.2) 67 (70.5) 5(5.3) 63 (46.3) 70 (51.5) 3(2.2)
Years with comorbidity™
<8 6(31.6) 12 (63.2) 1(5.3) 49 (38.3) 72 (56.2) 7 (5.5)
> 8 or more 23 (13.7) 129 (76.8) 16 (9.5) 17 (28.8) 38 (64.4) 4(6.8)
Haemoglobin level
<12 gm/dl 0(0.0) 12 (80.0) 3(20.0) 3(30.0) 6 (60.0) 1(10.0)
> 12 gm/dl 29 (17.2) 127 (75.1) 13 (7.7) 53 (36.1) 85 (57.8) 9(6.1)
Admission history
Yes 3(10.0) 24 (80.0) 3(10.0) 39 (30.7) 78 (61.4) 10 (7.9)
No 26 (16.6) 117 (74.5) 14 (8.9) 27 (45.0) 32(53.3) 1(1.7)

BMI = body mass index; ETB = Ethiopian Birr (* = 1 USD = 46.475 ETB); PLHIV = people living with HIV; NCD = non communicable disease; gm/dl = gram per

decilitre;

* = Years with HIV for PLHIV or years with the NCDs for controls

https://doi.org/10.1371/journal.pone.0284376.t003

12 gm/dl, there was high proportion of pre-frailty; 12 (80.0%). For patients with a history of

admission, the proportion of frailty status was higher among PLHIV (Table 3).

The proportion of pre-frailty was lower in men 131 (64.2%) than in women 120 (70.6%).
Prevalence of pre-frailty was higher for women participants in the age group of 5058 than for
men. Women PLHIV had a higher proportion of frailty than men (11 (11.5%) Vs 6 (6.6%)).
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For HIV uninfected controls the proportion of frailty was higher for men than women 10
(8.8%) Vs 1 (1.4%). For rural dwellers the proportion of pre-frailty was higher for women than
men (19 (90.5%) Vs 41 (70.7%). The proportion of frailty among uneducated people was
higher for men 10 (16.1%) than for women 5 (8.5%). The proportion of frail was higher for
men farmers 11 (20.8%) than women 0 (0.0%). For participants earning at least 3,000 ETB per
month, the proportion of frail participants among men was higher than among women 5
(4.9%) Vs 1 (1.6%). Of participants with a low or high BMI, nearly equal proportion of men
and women were frail (11 (13.3%) Vs 9 (15.0%). Nearly equal proportions of men and women
were frail when we consider both values of haemoglobin. Among participants with admission
history, a higher proportion of men had frailty 10 (11.2%) Vs 3 (4.4%). (Table 4).

HIV-status, age, place of residence, education, marital status, occupation, income, hemo-
globin level and BMI showed an association with frailty in a bivariate analysis. However, in a
multivariate analysis HIV-status, education, marital status, occupation, and BMI maintained
significance in predicting frailty. The risk of frailty was higher among PLHIV compared to
their counterparts (aOR 9.7; 95% CI 1.6-56.8). There was a lower risk of frailty among people
aged 50-58 years (aOR 0.2; 95% CI 0.1-0.7) and an increased risk of frailty among uneducated
people (aOR 5.2; 95% CI 1.5-18.2). Among singles, widowed or divorced there was a high risk
of frailty (aOR 4.2; 95% CI 1.3-13.6). Farmers had a high risk of frailty (aOR 19.5; 95% CI 3.5-
109.1). Participants with low or high BMI had a higher risk of frailty (aOR 47.3; 95% CI 13.8-
161.9) (Table 5).

Concerning pre-frailty variables like HIV-status, age, place of residence, education, marital
status, occupation, income, years with the disease and BMI showed association with pre-frailty
in unadjusted analysis. However, in the multivariate analysis only HIV-status, age, education,
occupation and BMI showed an association with pre-frailty. The risk of pre-frailty was about
four times (aOR 4.2; 95% CI 1.8-9.9) higher among PLHIV. In the age group 50-58 years the
risk of pre-frailty was lower (aOR 0.3; 95% CI 0.1-0.6). Farmers (aOR 19.5; 95% CI 3.5-109.1)
and people without formal education had an increased risk of pre-frailty (aOR 2.2; 95% CI
1.0-4.9). Participants with low or high BMI had a higher risk of pre-frailty (aOR 47.3; 95% CI
13.8-161.9) (Table 5).

There was an increased risk of low or high BMI among PLHIV. Compared to controls
PLHIV had low measurement in the social dimension assessment (aOR 3.3; 95% CI: 1.8-5.9).
Participants who lived for at least 8 years with their disease had increased risk poor record in
the social dimension assessment, (aOR 2.2; 95% CI: 1.3-3.8). Patients with hemoglobin value
of below 12 had a higher risk of depression (aOR 5.1; 95% CI: 2.0-13.1). Compared to HIV
uninfected controls, PLHIV had a low risk of low hand grip strength, (aOR 0.5; 95% CI: 0.3-
0.9) (Table 6).

Discussion

In this comparative cross-sectional study, high prevalence of frailty and pre-frailty were
observed among PLHIV. The prevalence of pre-frailty among PLHIV was 38% in USA [9],
39.1% in Spain [4], 52.1% in another study in Spain [27] and 51.2% in Indonesia [13]. These
estimates are lower than what we observed among our study participants. Frailty prevalence
observed among PLWH in Hawassa was higher than the report from Spain, 4.4% [4], Indone-
sia 3.7% [13] and USA 6% [9]. Our finding is lower than the report from Spain, 15.4% [27] and
South Africa, 19.4% [2]. However, it is within the range prevalence report among rural South
African older population, 5.4% to 13.2% [28].

We have limited understanding of frailty in this newly emergent, aging population of
PLWH receiving long-term ART in SSA. Two previous studies reported prevalence of 3.4%-
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Table 4. Proportion of frail, pre-frail and non-frail by gender.

Characteristics Men, n (%) Women, n (%)

Non-frail, n (%) Pre-frail, n (%) Frail, n (%) Non-frail, n (%) Pre-frail, n (%) Frail, n (%)
All participants 57 (27.9) 131 (64.2) 16 (7.8) 38 (22.4) 120 (70.6) 12 (7.1)
Age
50-58 years 43 (36.1) 69 (58.0) 7 (5.9) 30 (27.3) 73 (66.4) 7 (6.4)
> 58 years 14 (16.5) 62 (72.9) 9 (10.6) 8(13.3) 47 (78.3) 5(8.3)
Address
Urban 49 (33.6) 90 (61.6) 7 (4.8) 36 (24.2) 101 (67.8) 12 (8.1)
Rural 8(13.8) 41 (70.7) 9 (15.5) 2(9.5) 19 (90.5) 0(0.0)
Education
No education 7(11.2) 45 (72.6) 10 (16.1) 8(13.6) 46 (78.0) 5(8.5)
Has education 50 (35.2) 86 (60.6) 6(4.2) 30 (27.0) 74 (66.7) 7 (6.3)
Marital status
Single life 8 (19.5) 26 (63.4) 7 (17.7) 13 (14.8) 64 (72.7) 11 (12.5)
Married 49 (30.1) 105 (64.4) 9 (5.5) 25 (30.5) 56 (68.3) 1(12)
Occupation
No job/House wife 8(9.6) 67 (80.7) 8(9.6)
Farmer 5(9.4) 37 (69.8) 11 (20.8) 1(12.5) 7 (87.5) 0 (0.0)
Has job/Pensioned 52 (34.4) 94 (62.3) 5(3.3) 29 (36.7) 46 (58.2) 4(5.1)
Income
< 3000 ETB 14 (17.5) 58 (72.5) 8(10.0) 8(11.9) 54 (80.6) 5(7.5)
> 3000 ETB 38 (37.3) 59 (57.8) 5(4.9) 26 (41.9) 35 (56.5) 1(1.6)
BMI
Low or high 8(9.6) 64 (77.1) 11 (13.3) 1(1.7) 50 (83.3) 9 (15.0)
Normal 49 (40.5) 67 (55.4) 5(4.1) 37 (33.6) 70 (63.6) 3(2.7)
Years with comorbidities™
<8 31 (34.4) 51 (56.7) $(8.9) 24 (42.1) 33 (57.9) 0 (0.0)
> 8 or more 26 (22.8) 80 (70.2) 8(7.0) 14 (12.4) 87 (77.0) 12 (10.6)
Haemoglobin level
< 12 gm/dl 2(15.4) 9(69.2) 2 (15.4) 1(8.3) 9 (75.0) 2 (16.7)
> 12 gm/dl 49 (29.3) 106 (63.5) 12 (7.2) 33 (22.1) 106 (71.1) 10 (6.7)
Admission history
Yes 22 (24.7) 57 (64.0) 10 (11.2) 20 (29.4) 45 (66.2) 3(4.4)
No 35(30.4) 74 (64.3) 6(5.2) 18 (17.6) 75 (73.5) 9(8.8)

BMI = body mass index; ETB = Ethiopian Birr (* = 1 USD = 46.475 ETB); NCD = non communicable disease; gm/dl = gram per decilitre;

* = Years with HIV for PLHIV or years with the NCDs for controls; PLHIV = people living with HIV

https://doi.org/10.1371/journal.pone.0284376.t004

19.4%, with differing frailty definitions and inclusion criteria 2, 11]. In the current analysis,
using the B-FIT-2 metric, the prevalence of frailty and pre-frailty was 9% and 75% respectively,
and these were higher in PLHIV compared to controls. However, a recent paper, also using
the B-FIT-2 metric, showed a remarkably low prevalence of frailty of 0.68% among PWH over
50 years old in northern Tanzania [12]. The authors of the northern Tanzania study consid-
ered the high quality of care at the clinic as a possible contributor to the ultra-low prevalence
of frailty. Population characteristics, treatment factors, socioeconomic variation and nutri-
tional status differences might have also contributed to the observed differences in frailty prev-
alence. Majority, 76 (55.9%) of PLHIV in Hawassa were earning below 65 USD per month,
89.8% lived for over 8 years with comorbidities, 49.2% had low or high BMI scores, most of
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Table 5. Multinomial regression analysis for the risk factors of frailty status.

Characteristics Pre-frail Frail

cOR (95%CI) aOR (95%CI) cOR (95%CI) aOR (95%CI)
Patient type, PLHIV 2.9(1.8,4.8) 4.2(1.8,9.9) 3.5 (1.5, 8.4) 9.7 (1.6, 56.8)
Age 50-58 years 0.4 (0.2, 0.7) 0.3 (0.1, 0.6) 0.3 (0.1, 0.7) 0.2 (0.1,0.7)
Gender, Men 0.7 (0.5, 1.2) 0.6 (0.3, 1.3) 0.9 (0.4,2.1) 1.3(0.3,5.9)
Residence, Urban 0.4 (0.2,0.7) 0.4 (0.1, 1.2) 0.3(0.1,0.7) 0.6 (0.1,4.2)
Education, no education 3.0(1.7,5.6) 2.2(1.0,4.9) 6.2 (2.4,15.5) 5.2(1.5,18.2)
Marital status, single or others# 2.0(1.1,3.4) 1.1 (0.5,2.3) 6.3 (2.5,15.8) 4.2 (1.3, 13.6)
Occupation
House wife 4.8(2.2,10.6) 2.6 (0.9,7.2) 9.0 (2.7,29.8) 5.0 (0.9, 27.8)
Farmers 42(1.7,10.4) 3.2 (1.0, 10,2) 16.5 (4.9, 55.3) 19.5 (3.5, 109.1)
Years with comorbidities™ (> 8) 0.4 (0.2, 0.6) 0.7 (0.3, 1.4) 0.3(0.1,0.7) 0.8 (0.2,3.1)
Low or high BMI 8.0 (3.8,16.5) 11.3 (5.0, 25.8) 23.9 (8.2, 69.6) 47.3(13.8,161.9)

The reference is: Non frail; BMI = body mass index; PLHIV = people living with HIV; gm/dl = gram per decilitre;
cOR = crude odds ratio; aOR = adjusted odds ratio;
* = Years with HIV for PLHIV or years with the NCDs for controls;

# single, widowed and divorced are together

https://doi.org/10.1371/journal.pone.0284376.t005

them had low HGS and physical/social function problems. Having different frailty assessment
tools and a difference in approach to aging population could also have contributed to the
observed difference between the reports. As people in SSA are not homogeneous, we suggest
co-designing and validating the measurement in the context of SSA. Tools developed in high
income countries may not work well for the population SSA which is why we used the BFIT-2,
as it was developed to be used in the context of Africa. Probably we will need to do more stud-
ies across the region using this tool to define the real prevalence.

Concerning the components of frailty measures used in this study, having HIV infection
was associated with lower HGS. This is consistent with previous reports [14, 29]. A study from
Indonesia reported that the dominant frailty phenotype was weakness in HGS [13]. In South
African PLHIV aged 50 years and over had an average HGS of 4.7 kg less than HIV-negative
individuals [29]. In Jima Zone Ethiopia, adult PLHIV presented with lower HGS (—4.2 kg) at
ART initiation than HIV negative patients [14]. Our finding is consistent with these reports.

Among our study population, PLHIV or controls with other chronic health conditions for
at least 8 years had an increased risk of low value for engagement in social activities. Similarly,
another study reported duration of disease as one of the factors causing social isolation [30].
Chronic pathology results in chronic symptoms which dramatically impair quality of life,
physical and mental wellbeing and working capacity, also resulting in significant social care
and economic burden [31]. This factor could contribute to the development of frailty.

One of the components of frailty measures in this study was depression and its prevalence
was higher for patients with low hemoglobin levels. Similarly, other studies reported the asso-
ciation between low hemoglobin level and depression, particularly among the elderly [32, 33].
Despite it was not seen in the current study, other researchers reported the association between
depression and frailty [34]. Controlling haemoglobin level may be important to minimize the
risk of depression and then frailty among the elderly.

Our analysis showed that living with HIV increased the risk of both frailty and pre-frailty.
Other reports from South Africa and China also showed similar results [1, 26]. HIV infection
has also been associated with premature development of frailty, particularly in women [2]. In
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Table 6. Associations between individual components of the B-FIT and clinical characteristics of the study participants.

Characteristics

Patient type, PLHIV
Years with comorbidities*, > 8

Admission history, Yes

Patient type, PLHIV
Years with comorbidities > 8 years
Haemoglobin, < 12 gm/dl

Admission, Yes

Patient type, PLHIV
Years with comorbidities™, > 8
Haemoglobin, < 12 gm/dl

Admission, Yes

BMI Social dimension

cOR (95%CI) aOR (95%CI) cOR (95%CI) aOR (95%CI)

2.6 (1.7, 4.0) 2.4 (1.4,4.2) 4.0(2.6,6.1) 3.3(1.8,5.9)

1.9 (1.3, 3.0) 1.1(0.6,1.9) 3.7(2.3,5.8) 2.2(1.3,3.8)
1.6 (1.1,2.4) 0.6 (0.4, 1.1)

Depression Sensory function

2.7 (1.3,5.9) 1.6 (0.6, 4.1)

2.8(1.2,6.6) 1.7 (0.6, 5.0)

5.3(2.1,13.3) 5.1(2.0,13.1) 1.8 (0.7, 4.4) 1.7 (0.7, 4.4)
0.5 (0.3,0.9) 0.6 (0.4, 1.0)

Low RHGS

0.6 (0.4, 0.9) 0.5 (0.3, 0.9)

0.8 (0.5, 1.2) 1.1(0.6,1.9)

0.6 (0.2, 1.4) 0.6 (0.2, 1.5)

0.8 (0.5, 1.2) 1.1(0.7,1.9)

Note: The stated clinical characteristics did not show association with cognitive function and physical function, so it is omitted from this table

BMI = body mass index; PLHIV = people living with HIV; gm/dl = gram per decilitre; cOR = crude odds ratio; aOR = adjusted odds ratio;
* = Years with comorbidities = Years with HIV for PLHIV or years with the NCDs for controls

https://doi.org/10.1371/journal.pone.0284376.t1006

rural South African population, frailty rates were higher in women than in men [28]. Based on
the study report by Blanco J-R and et al., gender was one of the independent predictors of
frailty or pre-frailty [4]. Nearly equal proportions of men (7.8%) and women (7.1%) had frailty
among our study participants. Though the proportion of pre-frailty was different in men
(64.2%) and women (70.6%) among our study participants, there was no statistically signifi-
cant difference by gender for both indicators. We suggest more attention be given to PLHIV
for the timely identification and prevention of frailty and delivering early measures, which
may reverse frailty or help in slowing its progress [35, 36].

Age is one of the main predictors of frailty and pre-frailty. The results of our study also
showed the presence of association between pre-frailty/frailty and age. Many other reports
confirmed the association between frailty and age [2, 28, 37]. As people get older, functions of
the body diminish and thus they became frail. These findings suggest the importance of giving
attention to older people to timely identify and prevent frailty.

Another factor that predicted both frailty and pre-frailty among our study participants was
educational status. There is a report indicating that frailty was associated with lower educa-
tional levels [9], with a study by Sabine Rohrmann reporting that the actual prevalence rate of
frailty or pre-frailty in a population could depend on socio-economic background and educa-
tion [38]. This could be related to a lack of understanding amongst the less educated on how
to minimize the risk of frailty; as a result, they acquire and live with the problem. Therefore,
interventions targeted at socio-economic improvement may minimize the risk of frailty or
pre-frailty among aging individuals regarding of HIV status.

Nutritional status is one of the key factors to prevent frailty and balanced nutritional status
may reverse pre-frail status. HIV is a factor contributing to low nutritional status [39]. On the
contrary, ART was associated with an increase in BMI [40] and PLHIV could have higher
abnormal nutritional status than controls [41]. In the current study, people with low or high
BMI had increased risk of both frailty and pre-frailty. A U-shaped association was observed
between BMI and frailty confirming that not only underweight but also obesity is associated
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with frailty [42, 43]. Subjects who were underweight and those with high waist circumference
and body fat mass presented a higher risk of frailty compared to normal subjects, while skeletal
muscle mass was a protective factor for frailty in China [44]. To minimize the risk of frailty
among the elderly, it is important having a normal body weight values.

A study from Australia reported that frailty was not associated with occupation among the
elderly [45]. On the contrary an association between life-course occupational conditions and
frailty was documented in a report by I. Iavicolia et al. [46]. In particular, intrinsically harder
or manual occupations emerged as possible determinants of frailty manifestation and severity
at older age [47]. Farmers across both groups had increased risk of frailty or pre-frailty among
our study participants, which may be due to increased workload on them. Hard labour could
be considered as a risk factor for frailty/pre-frailty regardless of HIV status. Thus, people with
hard labour should be screened earlier so that we can identify when they are pre-frail, and
timely intervention could be delivered to them to prevent frailty and provide rehabilitation.

Marital status was one of the factors which showed association with frailty among our study
participants. Kojima G et al. in their study suggested the determinants of frailty were influ-
enced by marital status [48]. A meta-analysis of cross-sectional data from 35 studies showed
that unmarried individuals were almost twice more likely to be frail than married individuals
[48]. Another study also reported that, unmarried men carried a higher risk of developing
frailty than among married and widowhood and was also associated with the social frailty phe-
notype [49]. These findings suggest that among elderly, single life either being unmarried or
being widowed can increase the risk of frailty. To minimize the risk of frailty among the elderly
population provision of social support especially for those living alone may be helpful.

Strengths and limitations

To the best of our knowledge this study is the first of its type in Southern Ethiopia that mea-
sured frailty among elderly PLHIV and HIV negative controls. The study has some limitations,
as it is a cross-sectional study in which we collected data at a single point in time, reporting
associations between variables may not be confirmatory. Though analysis of this study showed
association between dependent and independent variables, for variables like occupation and
BMI the interval estimates were not precise enough. Third limitation is missing of measuring
some important variables such as the prevalence of those PLHIV who had a history of AIDS,
and what the pre-ART CD4 count was. Both these parameters are known to be risk factors for
frailty.

Conclusion

This facility based cross-sectional study showed high median frailty score among PLHIV. The
proportions of pre-frail and frail were higher among PLHIV. As studies are showing widely
different prevalence of frailty in various settings, findings should be cautiously interpreted by
health care providers when planning for care delivery. Various characteristics may contribute
to the observed difference in prevalence. Despite the wide variation in prevalence, health care
providers should be prepared to manage an increasing number of PLWH aging with frailty.
In this study, men had a lower level of pre-frailty than women, however this association was

not statistically significant. Living with HIV, age, education, occupation and BMI predicted
pre-frailty; while living with HIV, age, education, marital status, occupation, and BMI were
factors that predicted frailty. There was an increased risk of low HGS, low or high BMI and
low values in social dimension assessment among PLHIV. Living with comorbidity for a long
period increased the risk of social isolation. We suggest the importance of early identification,
prevention, and timely management of frailty and pre-frailty among PLHIV. Targeting those
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that are pre-frail and delivering interventions could be the best approach. Using screening
tools, clinicians could identify them, provide comprehensive and timely care such as exercise,
diet interventions, and social support for this aging people [50]. Understanding the biologic
mechanisms and adapting proven geriatric principles of interdisciplinary care will improve the
health and well-being of aging PLWH. We also suggest, conducting more studies across the
SSA using the BFIT-2 tool could be helpful to define the real prevalence of frailty in the region.
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