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Abstract
Objectives: The importance of metabolic syndrome (MS) among people living with HIV (PLHIV) has grown
substantially. However, little is known about its economic impact. Therefore, we aimed to estimate the cost of care
for MS among PLHIV and the factors associated with higher costs.
Methods: a cross-sectional study was conducted among adult PLHIV with comorbid MS at ALERT
Comprehensive Specialized Hospital in Addis Ababa, Ethiopia, from October 2021 to July 2022. The study
participants were enrolled in the study in consecutive order and data were collected using a structured
questionnaire, document reviews, and expert consultations. A bottom-up costing approach was applied to all cost
categories, except for laboratory tests and hospitalization, for which a top-down costing approach was used due to
inaccessible of unit-level cost data. Descriptive statistics, including frequency distribution, means, and standard
deviations were employed. Linear regression analysis was also conducted to assess factors associated with a higher
MS care cost.
Results: A total of 244 PLHIV were involved. The mean annual cost of care for MS incurred by the society was
40.1 US dollars ($). Being widow ( Exp (B): 1.7, 95% ClI, 1.1 — 2.7, six to 10 years duration of HIV (Exp (B): 1.8,
95% ClI: 1.1 - 2.7, being on a lipid-lowering medication (Exp (B) 2.1, 95% CI, 1.6 — 2.8, taking insulin (Exp (B):
1.7, 95% CI: 1.0 — 2.8, having two MS components (Exp (B): 1.3, 95% CI: 1.0 — 1.7 and being on one (Exp (B):
3.8, 95% CI: 2.1 — 5.5, or two (Exp (B): 6.5, 95% CI: 4.5 — 9.4 or three (Exp (B): 7.6, 95% CI: 5.1 — 11.3
medications and hospitalization (Exp (B): 4.1, 95% CI: 2.7 — 6.2 were found to have a statistically significant
association with a higher cost of care for MS.
Conclusion: Considering the per capita health expenditure of Ethiopia, the cost of care for MS was substantial.
Hence, it is important to initiate interventions targeted at preventing or delaying the onset of MS and thereby
minimize the high healthcare cost associated with its management. [Ethiop. J. Health Dev. 2024; 38(3): 00-00]
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INTRODUCTION

Metabolic syndrome (MS) is a cardio-metabolic
condition characterized by the presence of three or
more of its five components: central obesity, elevated
triglyceride, low high-density lipoprotein (HDL)
cholesterol, raised blood pressure, and elevated fasting
glucose (1). Insulin resistance, abnormal deposition
and function of adipose tissue, an inflammatory state,
and oxidative stress have been identified as the drivers
of MS (2). Chronic inflammation and fat redistribution
(3), certain antiretroviral medications, and the HIV
infection itself (4) may also have a role in the
development of MS among people living with HIV
(PLHIV).

Over the past years, public health interest in MS among
PLHIV has grown. Several studies, including a
systematic review from sub-Saharan Africa, have
shown a high prevalence of MS among PLHIV
compared to HIV-negative counterparts, 21.5% and
12% respectively (4). A similar high prevalence of MS

(21.7%) among PLHIV was reported in another recent
systematic review conducted in Ethiopia (5).
According to this review, the burden of MS among
PLHIV was shown to be consistently high over the past
decade with individual MS components exhibiting a
much higher prevalence rate ranging from 31.4% for
raised blood glucose to 47.3% for low HDL
cholesterol. The national guidelines for comprehensive
HIV prevention, care, and treatment recognize the
growing burden of such conditions and recommend
regular screening (6). However, evidence is scarce
regarding the prevention of MS among PLHIV and the
costs associated with its high prevalence. The latter is
partly due to a widespread view that HIV services in
many low-and middle-income countries (LMICs) are
donor-driven and free to the user. Though under-
recognized, patients, the health sector, and the society
at large are already paying a heavy price (7) and if left
unaddressed, it will significantly increase the cost of
PLHIV care and ultimately overburden the health
system. Hence, as an advocacy tool, cost of illness
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studies can facilitate communication about the
potential benefits of preventive interventions to the
public and policymakers.

Few earlier cost of illness studies conducted among the
general population have shown the staggering
amount of cost associated with the management of MS
or its various components (8). In one systematic
review, the median cost of diabetic patient’s outpatient
management in LMIC was reported to be seven US
Dollars (3$) per visit, ranging from below five to above
$40 (9). Another systematic review has also reported a
high cost of hypertension care ranging from $38 to
$565 per patient per year (10). In this LMIC setting,
the cost of dyslipidemia treatment also reaches $124
per patient per year.

Studies among the general population have identified
several factors associated with a high cost of MS care.
For instance, in Ethiopia, hospitalization, use of
multiple drugs, being in the highest socioeconomic
status, education at a college level or above, and being
a government employee were associated with higher
cost of care for MS component (11). Another research
in Ethiopia also identified that a longer distance from a
hospital, the presence of an attendant, the stage of the
disease, larger family size, and having no formal
education were associated with a higher cost of care for
MS components (12). As per the recommendation for
cost of illness studies (13), we aimed to estimate the
direct medical, direct nonmedical, and indirect cost of
MS care among PLHIV and also assess the factors
associated with a higher cost of MS care.

MATERIAL AND METHODS

Study setting and period

This study was conducted at the All Africa Leprosy,
Tuberculosis, and Rehabilitation Training Centre
(ALERT) comprehensive specialized hospital (ALERT
Hospital) in Addis Ababa, Ethiopia from October 2021
to July 2022. At the time of data collection, more than
six thousand adult PLHIV were on antiretroviral
therapy (ART). On average, about 60 PLHIV visit the
clinic for medication refills daily. At the ART clinic,
all consultations are free of charge. However, PLHIV
who are not covered by community-based or other
forms of health insurance are required to pay for their
diagnostic tests and non-ART medications.

Study design

A cross-sectional study design was employed among
PLHIV. This prevalence-based cost of illness study
determined the cost of MS care using a societal
perspective; hence it included the direct medical cost,
direct nonmedical cost and the indirect cost of illness.

Study participants and selection procedure

The sample size estimation was performed using the
formula for estimating a single mean at a 95%
confidence interval and a precision of 5%.

E
Where o the standard deviation obtained from a similar
study and E is the precision

Hence, the mean annual cost of diabetes care, with
comorbid conditions, of $79.31 and a standard
deviation of 37.78 were used from a study in a similar
setting (14) in this sample size determination. Adding
10% for possible non-responses, the total sample size
was calculated to be 244. PLHIV above the age of 18
years, had at least one MS component, were on ART
follow-up for a minimum of 6 months, and without
acute symptoms needing urgent medical attention were
eligible. Those who were willing to give written
informed consent were enrolled in a consecutive order.

Data collection

A structured interviewer-administered questionnaire
was used to collect data regarding the socio-
demographic and clinical  characteristics  of
respondents, and the costs associated with MS care.
The questionnaire was adopted from a similar study
addressing the NCD care cost in rural Malawi (15)
(Supplementary material). Data were collected through
a face-to-face interviews conducted by trained BSc
Nurse ART providers. The data collectors also
reviewed patient charts to extract pertinent clinical
characteristics of the respondents. Three master’s level
educated project staff, including the Principal
Investigator (PI) of the study, closely supervised the
process. To estimate the time spent on evaluating a
PLHIV with MS and subsequently analyzes the
personnel cost associated with MS care; the
consultation time of 10 randomly selected PLHIV with
MS was observed by the Pl. Experts at the hospital’s
various units such as ART clinic, human resources
department, laboratory, finance, and community
pharmacies were also interviewed to gather data
regarding the frequency of healthcare contacts in a
year, salary scale of healthcare workers, laboratory test
fees, cost of hospital stay per day, and the unit cost of
medications used by the study participants,
respectively. The information was later verified using
available administrative documents. .

Study variables

Independent variables: socio-demographic and clinical
characteristics of respondents such as age, sex, duration
of HIV and ART, patterns of MS, medication use and
hospitalization, were considered as an explanatory
variables.

Dependent variable: the total cost of care for MS
among PLHIV was the outcome variable of the study.
This was further disaggregated as the costs of:
medications, laboratory tests, hospital stays, personnel,
transportation, informal care and productivity losses.

Cost of medication: refers to the cost of reported MS-
related medication(s).

Laboratory test cost: refers to the cost of anticipated
MS-related laboratory tests.

Cost of hospitalization: refers to the cost of predicted
MS-attributable hospitalization.

Personnel cost: refers to the expected cost of
personnel attributed to MS care.

Cost of transportation: refers to the cost of transport
for the anticipated MS care.
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Cost of informal care: refers to the cost of reported
informal care use.

Productivity loss: refers to the reported loss of income
by the participant and/or their caregivers attributed to
MS.

Approaches for cost estimation

Costing was performed using the bottom-up and top-
down approaches. The latter is particularly used to
estimate the cost of laboratory tests and hospitalization,
where unit-level costs were difficult to obtain.
Medication cost was calculated by multiplying a
prescribed medication's unit cost with the required
daily amount. This was later multiplied by 365 days to
reach the annual medication cost. When the dose and
frequency of the prescribed medication were not
specified, we estimated the cost for the minimum daily
dose and frequency of the medication. The cost of
laboratory tests was calculated by multiplying the price
per test with the minimum frequency of test (at least
four times) required in a year by the treating
physicians. The number of hospital admission days in
the month preceding the study was multiplied by the
hospital’s daily rate of $3.5, a per dime cost excluding
the cost of medication and laboratory services, to reach
the monthly episodic hospitalization cost of MS.

On the other hand, the mean annual cost of
hospitalization was calculated using the attributable
risk methodology (16). A study in Eastern Ethiopia
stated that the cumulative probability of hospitalization
among type Il diabetes patients in a year was about
0.09 of which 71.6% was attributed to diabetes or
hypertensive emergencies (17). Hence, we assumed
that the cumulative probability of hospitalization
among the study participants will be 0.06, and by
multiplying it with the potential hospital stay days and
the per-dime rate of each hospital stay day ($3.5); the
mean annual cost of hospitalization was reached. As
there were only eight respondents with a
hospitalization history, the possible minimum number
of hospital stay days (one) was allocated for a
randomly selected seven more respondents. In
calculating the personnel cost, first, the mean salary per
minute was calculated by dividing the average annual
salary of healthcare workers by actual working hours
per week (31.3 hours) multiplied by the number of
working weeks in a year (49 weeks) and sixty minutes
(14). As per the recommendation of literature (18),
three weeks of potential annual leave periods were
excluded. Then, the mean salary per minute was
multiplied by the observed mean time spent in each
patient care (7.3 minutes) to reach at the personnel cost
per patient visit. Finally, this result was multiplied by
the minimum number of visits in a year (at least four
times) and the number of service outlets per visit:
medical and nursing outpatient services, laboratory and
pharmacy, and the annual cost of personnel were
reached.

The cost of transportation was considered as reported
by the respondents. When only the means of transport,
e.g., public transport, and the travel duration were
recorded, the cost of transportation was estimated using
data provided by other participants with similar means

of transport and travel duration. Accordingly, $0.2 for
less than an hour of travel, $0.4 for one to two hours of
travel and $0.6 for more than two hours of travel by
extrapolation from other participants’ record. For those
respondents who used a private car or hired a taxi, $6.0
was considered for a round trip transport for each
hospital visit.

The cost of care for traditional healers was categorized
as informal care and the amount was recorded as stated
by the respondents. The need for traditional healers
was considered to remain unchanged over the course of
the analysis period. The human capital approach was
used to calculate the productivity losses. Hence, the
number of days the respondents were unable to do their
routine  activities were  multiplied by their
corresponding daily income. As income was collected
in categories, the upper boundary for the lowest
reported income category and the lower boundary for
the highest reported income category were used. In
addition, the amount of family income loss stated by
the respondent while providing home care was
included in the productivity loss.

Furthermore, the mean direct medical cost, which
included the mean cost of medication, laboratory tests,
hospital stay, and personnel; the mean direct
nonmedical cost, which included the mean cost of
transportation and informal care, was calculated.
Similarly, the mean indirect cost was calculated,
particularly the mean productivity losses of
respondents and income losses of family caregivers.
For each cost category, its contribution to either the
direct medical cost, direct nonmedical cost, or indirect
cost, and lastly, to the total cost was calculated. Then,
we calculated the mean annual cost of MS or its
components management by summing up the mean
direct medical cost, direct nonmedical cost, and
indirect costs following a societal perspective. All cost
estimations were done in Ethiopian Birr (ETB) and
then converted to US Dollars with the official rate of
49,9564 at the time of data collection (October 2021 to

July 2022, (combanketh.et)).

Data quality control

The data collection instrument was translated from
English to Amharic and back-translated to English by a
different person to check their consistency. Then the
instrument was pretested in 10% of the calculated
sample. A day-long training regarding the study
instrument was provided to the data collectors. The
project staff also supervised the data collection process
closely while a double data entry procedure was
followed to ensure the right data entry.

Data processing and analysis

Data entry was performed on a REDCap database
following a double data entry procedure. The merged
data were exported to STATA version 17 for further
analysis. Descriptive statistics including frequency
distribution, mean, and median along with their
corresponding standard deviations and interquartile
ranges, were conducted for common study variables.
According to literature recommendations (19), the
arithmetic mean was used to describe the cost data
regardless of the distribution. The relationship between
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the cost of MS management and demographic and
clinical characteristics was identified using linear
regression analysis.

The right-skewed cost data was log-transformed (20)
before univariate and multivariable regression
analyses. Sensitivity analysis on all cost categories was
performed to reduce possible uncertainties using
Microsoft Excel 2013. A P-value of <0.05 at a 95%
confidence interval was taken as a statistical
significance point.

Ethical consideration

This study was approved by the institutional review
board of Haramaya University (IHRERC/053/2021)
and the AHRI/ALERT Ethics Review Committee
(PO13/21). Written informed consent was obtained
from each study participant before the data collection.
Participants were also informed that their participation
in the study is voluntary and they have the right to
withdraw at any time without providing any

explanation and doing so will not affect their care in
any way. The study team has maintained the privacy
and confidentiality of the data throughout the process
and strictly followed local and international guidelines
in the conduct of the study.

RESULT

Socio-demographic characteristics of respondents

A total of 244 study participants were involved. The
mean age was 52.9 years (Standard deviation 9.9).
Most (64.4%) of the respondents were above 50 years
old. The proportion of male and female respondents
was 43.6% and 56.4%, respectively. More than half
(52.1%) of the respondents were married, while 26.6%
were widowed. About a quarter (26.8%) of the
respondents had no formal education and 35.8% of the
respondents were unemployed. About a third (29.9%)
of the respondents earn less than $20.0 per month and
17.2% of respondents claimed a monthly income above
$80 (Table 1).

Table 1: Socio-demographic characteristics of PLHIV at ALERT Hospital, Addis Ababa, Ethiopia

2022 (n=244)

Variable Frequency Percent
Age in years
<40 17 6.9
40-49 65 26.6
50-59 85 34.9
60-69 51 20.9
>=70 19 7.8
Missing 7 2.9
Sex
Male 106 43.4
Female 137 56.2
Missing 1 0.4
Marital status
Single 13 5.3
Married 127 52.1
Separated/Divorced 39 15.9
Widower/widowed 65 26.6
Educational status
No formal education 65 26.6
Primary school 67 27.5
Secondary school 74 30.3
Tertiary 37 15.2
Missing 1 0.4
Occupation
Unemployed 87 35.7
Daily laborer 17 6.9
Merchant 10 4.1
Civil servant 91 37.3
Retired 38 15.6
Missing 1 0.4
Income (in US dollars)
<$20 71 29.1
$20 — $40 74 30.3
$40 - $80 50 20.5
>$80 42 17.2
Missing 7 2.9

Clinical characteristics of study participants

Regarding clinical  characteristics, 42.2%  of
respondents were living with HIV for 16 or more years
and 32.4% of the respondents were on ART for the

same number of years (Table 2). With regards to
respondents’ ART regime, 80.3% was on Abacavir,
Lamivudine, and Zidovudine combination regimen.
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Table 2: Clinical characteristics of PLHIV at ALERT Hospital, Addis Ababa, Ethiopia 2022 (n=244)

Variable Frequency Percent
Duration of HIV diagnosis
<5 years 20 8.2
6-10 years 25 10.3
11-15 years 96 39.3
>=16 years 103 42.2
Duration of ART
<5 year 22 9.0
6-10 years 42 17.2
11-15 years 101 41.4
>=16 years 79 32.4
ART regimen, current*
TDF+3TC+EFV 20 8.2
ABC+3TC+AZT 196 80.3
TDF+3TC+ATV 11 4.5
Others 13 54
Missing 4 1.6
Baseline BMI**
<18.5 43 17.6
18.5-24.9 133 54.5
25-29.9 48 19.7
>=30 18 7.4
Missing 2 0.8
Current BMI**
<185 8 3.3
18.5-24.9 112 45.9
25-29.9 98 40.2
>=30 24 9.8
Missing 2 0.8

*ABC= Abacavir; ATV= Atazanavir; AZT= Zidovudin; EFV= Efavirez; TDF= Tenofovir; 3TC= Lamivudine

**BMI= Body mass index.

Cost of Care for MS

In this study, the mean annual direct medical cost was
$37.9 £125.3. The direct medical cost of MS care was
distributed as medications ($14.6 + 16.0), laboratory

tests ($4.1 + 6.4), hospital stay ($17.1 + 122.5), and
personnel ($2.4 + 0.3) which is attributed to 35.8%,
10.2%, 42.6%, and 5.9% of the cost, respectively

(Table 3).

Table 3: Cost of MS care among PLHIV at ALERT Hospital, Addis Ababa, Ethiopia 2022 (n=244)

Type of cost Cost per patient per year (USD) Percent
Mean + SD ~

Medication 14.6 + 16.0 35.8
Laboratory tests 41+64 10.2
Hospital stay 171+ 1225 42.6
Personnel 24+0.3 5.9
Transportation 11+22 2.7
Informal care 0.6 +6.6 15
Productivity loss 05+59 1.3
Direct medical cost 37.9+125.3 94.5
Direct non-medical cost 1.7+ 7.2 4.2
Indirect cost 05+5.9 1.3
Total cost 40.1+5.9 100

*Regardless of the distribution of data, the mean was considered to describe cost data better (19).

Regarding indirect cost, only 2.9% of the respondents
reported any income loss due to MS either by
themselves, their caregivers, or both. Accordingly, the
mean annual loss of productivity by the study
participants and their caregivers was $0.5. The loss of
productivity by respondents represented 67.2% of the
income losses while the remaining 32.8% was
attributed to caregivers' income loss. The mean annual
cost of care for MS among PLHIV was $40.1. Direct

medical costs contributed for 94.5% of the MS care
cost followed by direct nonmedical costs (4.2%), and
indirect costs (1.3%).

In the present study, majority (86.5%) of the
respondents were on medication therapy where 48.4%
were on a single drug, 23.8% on two, 10.7% on three,
and 3.7% were on four or more drug therapies.
Metformin was used in 25.9%, Enalapril in 15.1%,
Amlodipine in 14.5%, Atorvastatin in 11.7%, and
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Nifedipine in 10.3% (Figure 1). Atorvastatin
contributes to more than a third (35.6%) of the annual
medication cost, followed by Metformin (14.8%),
Amlodipine (12.8%), and Enalapril (10.9%).
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Figure 1: The distribution of MS Medications and contribution to the mean annual medication
cost among PLHIV at ALERT Hospital, Addis Ababa, Ethiopia 2022

In this study area, PLHIV with MS components
undergoes at least four laboratory tests in a year
excluding tests at home or in other facilities. Based on
the distributions of MS components among the study
participants, 72.5% of the mean annual cost of
laboratory tests was related to a lipid profile test: total
cholesterol, triglyceride, HDL, and LDL tests. The
remaining 27.5% of the mean annual laboratory test
cost was attributed to a blood glucose test. In the
present study, 3.3% of the respondents had to stay in a
health facility in the month preceding the study.
Among those admitted, the median hospital stay was
75 days (IQR 185) which led to a mean
hospitalization episode cost of $40.3. Based on the
distribution of MS components among the respondents
and their reported treatment; 58.2% of the personnel
cost was attributed to the four service units (outpatient
medical and nursing, laboratory, and pharmacy). The
remaining 41.8% of the personnel cost was related to
the three service units which means either the

laboratory or pharmacy costs were not accounted as
appropriate. Similarly, the mean annual direct
nonmedical cost was $1.7+7.2 and distributed as the
mean annual cost of transportation ($1.1 + 1.3) and
informal care ($72.1 + 16.9). In the present study, the
majority (71.1%) of respondents used a public means
of transport during their travel for the MS or its
components care. Whereas 21.1% of the respondents,
went to the health facilities on foot and those who used
a private car or hired a taxi accounted for 6.6%.

In this study, majority (73.8%) of the respondents had
only one MS component where hypertension accounted
for 44.3%, diabetes for 25.0%, and dyslipidemia for
4.5% corresponding to 31.8%, 16.4%, and 8.9% of the
mean annual cost of MS care, respectively (Table 4).
The remaining 26.2% of the respondents had more than
one MS component and represented for 43.8% of the
mean annual cost of MS care.

Table 4: Distribution of MS components and contribution to the annual MS care cost among
PLHIV at ALERT Hospital, Addis Ababa, Ethiopia 2022 (n=244)

MS components

Distribution N (%)

Contribution to mean annual MS care

cost (%)
HTN 108 (44.3) 31.8
DM 61 (25.0) 16.4
DLD 11 (4.5) 8.6
HTN + DM 30 (12.3) 14.3
HTN + DLD 11 (4.5) 8.9
DM + DLD 4 (1.6) 2.9
HTN + DM + DLD 19 (7.8) 17.1

HTN — Hypertension, DM - Diabetes, DLD — Dyslipidemia

In a sensitivity analysis, a 20% change in the cost of
hospitalization and medications showed a modest

change on the total mean annual cost of MS care
ranging from $36.9 to $43.8 and $37.5 to $43.3,
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respectively. A similar change in the other cost
categories had minimal effect while a simultaneous
change in all cost categories moderately altered the
mean annual cost of MS care in a range of $32.3 to
$48.5.

Factors associated with a higher cost of care for MS

In the bivariate linear regression analysis, several
factors such as. a monthly income between $20 —$40,
greater than five years’ duration of HIV, greater than
ten years duration of ART, no history of dyslipidemia,
no history of diabetes, and having two or three MS
components had a statistically significant association
with a higher mean annual cost of MS care (Table 5).
A multivariable linear regression analysis was
performed on factors with a P value of <0.25 in the
bivariate analysis. Accordingly, compared to single
respondents, those who were widow had 1.7 (P value
0.010) times higher mean annual cost of MS care.
Compared to respondents with less than 5 years

duration of HIV, those with a duration of six to 10
years had 1.8 (P value 0.007) times higher mean annual
cost of MS care. Compared to respondents who were
not on a lipid lowering medication, those who took the
medication had a 2.1 (P value <0.001) times higher
mean annual cost of MS care. Compared to diabetic
respondents who were on none drug management,
those who were on Insulin had a 1.7 (P value 0.036)
times higher mean annual cost of MS care. Compared
to respondents who were on none drug MS therapy,
those who were on one, two, and three or more
medications had 3.1, 5.4, and 6.4 (p-value<0.0001)
times higher mean annual cost of MS care. Compared
to respondents with only one MS component, those
who had two MS components had 1.3 (P value 0.024)
times higher mean annual cost of MS care. Compared
to respondents who were managed out patiently, those
hospitalized respondents had 4.1 (P value <0.0001)
times higher mean annual cost of MS care.

Table 5. Regression analysis of factors associated with care cost at ALERT Hospital, Addis

Ababa, Ethiopia 2022,

Variables Crude estimate P-value Adjusted  estimate
with 95% CI with 95% CI P-Value
Age category in years
<40
40 - 49 years 1.3(0.7-2.3) 0.344 1.0(0.7-15) 0.876
50 - 59 years 1.5(0.9-2.6) 0.156 0.9(0.6-1.3) 0.668
60 -69 years 1.7(0.9-3.0) 0.082 0.9(0.6-1.3) 0.585
>=70 years 1.3(0.9-2.7) 0.409 0.8(0.5-1.4) 0.490
Marital status
Single
Married 1.4(0.7-25) 0.382 15(0.9-2.2) 0.064
Separated 1.2 (0.6 -2.4) 0.602 1.2(0.8-1.9) 0.434
Widow 1.9 (1.0-3.6) 0.072 1.7(1.1-27) 0.010
Duration of HIV (in years)
<5
6-10 29(15-5.3) 0.001 1.8(1.1-2.9) 0.007
11-15 1.7(1.0-2.9) 0.033 1.3(0.9-22) 0.179
>=16 20(1.2-3.4) 0.006 1.3(0.8-1.9) 0.143
Antihypertensive drug
Yes 1.3(09-1.7) 0.079 09(0.7-12) 0.461
No
Lipid lowering medication
Yes 1.4(1.0-138) 0.042 2.1(1.6-2.8) <0.0001
No
Type of diabetes treatment
Dietary
Oral drug 15(1.2-1.9) 0.002 09(0.7-1.2) 0.720
Insulin 3.0(16-5.7) 0.001 1.7 (1.0-2.8) 0.036
Oral drug +Insulin 7.6 (3.4-17.5) <0.0001 1.8(0.9-35) 0.067
No of MS components
Only one
Two 23(1.7-32) <0.0001 1.3(1.0-1.7) 0.024
>= Three 3.8(25-5.9) <0.0001 1.4(0.9-22) 0.074
Duration of MS
1-3years 1.4(0.8-2.2) 0.236 1.1(0.8-1.6) 0.554
3 -6 years 1.6 (0.9-2.7) 0.056 1.1 (0.8-1.6) 0.514
>=6 years 1.9(1.2-3.3) 0.009 1.3(0.9-1.8) 0.202
No of drugs used
None
One drug 2.4(1.8-3.3) <0.0001 3.8(2.7-5.5) <0.0001
Two drugs 51(3.6-7.2) <0.0001 6.5(4.5-9.4) <0.0001
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>=Three drugs 11.2 (7.6 — 16.5) <0.0001 7.6 (5.1-113) <0.0001
Hospitalization status

Not hospitalized

Hospitalized 6.6 (3.7-11.8) <0.0001 41(2.7-6.2) <0.0001
Intercept 29(1.5-5.7) 0.001
DISCUSSION Although only the cost of generic medications at a

This study aimed to estimate the cost of care for MS
among PLHIV and the factors associated with a higher
cost. Accordingly, the mean annual cost of care for MS
was estimated to be $40.1, where the direct medical
cost, direct non-medical cost and indirect cost of MS
care correspond to 94.5%, 4.2%, and 1.3% of the total
cost, respectively. Being a widow, having six to 10
years duration of HIV, being on lipid-lowering
medication or insulin therapy, having two MS
components, being on one, two, or three medications
and hospitalization were found to have a statistically
significant association with a higher cost of care for
MS.

Considering the per capita health expenditure of
Ethiopia ($28.7/person/year) (21) and its highly
subsidized public health service; the mean annual cost
of MS care found in the present study was substantial.
Previous Ethiopian studies have also reported a higher
mean annual cost of care for MS components, ranging
from $79.3 to $91.7 per person per year (11,14). This
reported difference was actually not unexpected and
may arise from variations in cost item definition. (22)
and payment structure (23) affecting the overall
costing. For example, in a systematic review of the cost
of care for diabetes, two Indian studies have reported
the mean annual cost of medication ranging from $15.2
to $223.0 per person per year (23).

In this study, the direct cost of MS care was the main
contributor to the mean annual cost, which is in
agreement with a study report from Pakistan (24). In
contrast, the contribution of direct cost to the total cost
of diabetes treatment in Iran was much lower than the
present study (20). Contributing to this difference, only
few respondents in the present study have reported a
minimal amount of productivity or income losses due
to MS. This may be related to the non-waged nature of
employment of the respondents making the
quantification of productivity or income loss difficult
(15). Consequently, this may lead to the
underestimation of the indirect costs and a
overemphasis on direct cost.

The cost of hospitalization in the present study was the
main driver of MS care cost, and had a statistically
significant association with a higher MS care cost. This
finding was in agreement with a Pakistani study that
reported a three times higher mean annual cost of
diabetes care among hospitalized patients (24). While
the presence of hypertension or diabetes among PLHIV
was found to increase the risk of hospitalization by
more than two-fold (25); the cost of hospitalization
could also reach as high as $1000 (median 290) per
patient per year even in low-income settings (9).
Therefore, the reduction of hypertensive and metabolic
emergencies, the two most important causes of
hospitalization (17), among such patients need to be
emphasized.

public health facility was considered, it was the second
highest contributor to the mean annual cost of MS care.
This is not forgetting that many LMICs often purchase
brand-name drugs at a cost that is 20 to 30 times higher
than their generic name equivalents (26). It was also
reported that many PLHIV with hypertension or
diabetes purchased these medications from private
pharmacies (25). This indicates that the present study
finding could be an underestimation of the actual cost.

The use of one, two, or three medications showed a
statistically significant association with a higher mean
annual cost of MS care. This association also showed a
dose-response relationship demanding the
standardization of MS treatment so that clinical goals
are achieved with the minimum possible cost. Among
the various medications, the use of Insulin and a lipid-
lowering agent had shown a statistically significant
association with a higher mean annual cost of MS care.
Similar to this study finding, several studies including
systematic reviews have documented the role of
medication cost including Insulin and lipid-lowering
agents in increasing the mean annual cost of care for
the different components of MS (9,24,27,28).

Six to 10 years duration of HIV was another factor that
had a statistically significant association with a higher
mean annual cost of MS care. This finding may have
operated through increasing the presence of more than
one MS component (29) which was also associated
with a higher mean annual cost of MS care. In
agreement with this finding, a systematic review of the
cost of type Il diabetes care in LMIC showed that the
presence of one or more comorbidities was found to
significantly increase the cost of diabetes care (27).
Owing to the already high HIV care cost reported in
Colombia, no difference was observed in the cost of
HIV care with or without a comorbidity (30).
Nevertheless, a study has shown that the integration of
care for HIV and, for example, MS could potentially
reduce costs through the economics of scope (31).

Finally, the implication of this study findings need to
be interpreted in light of: first, the high prevalence of
MS among Ethiopian PLHIV, 20.8% in a weighted
pooled estimate (32). Secondly, there is generally a
large PLHIV population in Ethiopia, more than 570
thousand (33) where a substantial segment (31.9%) of
it is above the age of 50 years and are prone to many
NCDs including MS. This means, the current and in the
absence of effective intervention, the future cost of care
for MS would be in hundreds of thousands of dollars
each year.

Strengths and limitations of the study

This study has several strengths. It addressed an
important public health issue, following a societal
perspective in its cost estimation and conducted a
sensitivity analysis to verify the robustness of the
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estimates. The study also has some limitations. Despite
the homogeneity of the study population, the non-
probability sampling may have led to a selection bias.
Some of the estimates which was based on the gross
cost approach could also be biased by unaccounted
government subsidies. Though we followed a
counterfactual analytic approach, having a true control
group could have made the study more robust.

CONCLUSION

Compared to the mean per capita health expenditure of
Ethiopia, the cost of care for MS found in this study
was substantial. Considering the high rate of under-
diagnosis of NCDs including MS among PLHIV; the
estimated cost for MS care in the present study could
even be much higher if all PLHIV with MS were
identified and put on pharmacological intervention
through systematic screening procedures. Therefore, it
is important to proactively initiate interventions
targeted at lifestyle modifications and less costly
pharmacological interventions so that the risk of MS
can be minimized and its costly complications can be
delayed or prevented. Lastly, prospective studies with
actual cost data are recommended to reach at the true
cost of MS care among PLHIV.
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