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Abstract

Background: Undernutrition is one of the most common problems among people living with HIV, contributing to

premature death and the development of comorbidities within this population. In Sub-Saharan Africa (SSA), the impacts

of these often inter-related conditions appear in a series of fragmented and inconclusive studies. Thus, this review

examines the pooled effects of undernutrition on mortality and morbidities among adults living with HIV in SSA.

Methods: A systematic literature search was conducted from PubMed, EMBASE, CINAHL, and Scopus databases. All

observational studies reporting the effects of undernutrition on mortality and morbidity among adults living with HIV in

SSA were included. Heterogeneity between the included studies was assessed using the Cochrane Q-test and I2 statistics.

Publication bias was assessed using Egger’s and Begg’s tests at a 5% significance level. Finally, a random-effects meta-

analysis model was employed to estimate the overall adjusted hazard ratio.

Results: Of 4309 identified studies, 53 articles met the inclusion criteria and were included in this review. Of these, 40

studies were available for the meta-analysis. A meta-analysis of 23 cohort studies indicated that undernutrition

significantly (AHR: 2.1, 95% CI: 1.8, 2.4) increased the risk of mortality among adults living with HIV, while severely

undernourished adults living with HIV were at higher risk of death (AHR: 2.3, 95% CI: 1.9, 2.8) as compared to mildly

undernourished adults living with HIV. Furthermore, the pooled estimates of ten cohort studies revealed that

undernutrition significantly increased the risk of developing tuberculosis (AHR: 2.1, 95% CI: 1.6, 2.7) among adults living

with HIV.

Conclusion: This review found that undernutrition has significant effects on mortality and morbidity among adults living

with HIV. As the degree of undernutrition became more severe, mortality rate also increased. Therefore, findings from this

review may be used to update the nutritional guidelines used for the management of PLHIV by different stakeholders,

especially in limited-resource settings.
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Background
Human Immunodeficiency Virus (HIV) continues to be

a significant global public health problem, with Sub-

Saharan Africa (SSA) being the most significantly af-

fected region [1, 2]. Globally, in 2018, an estimated 37.9

million people were living with HIV (PLHIV), and 1.1

million people died from Acquired Immunodeficiency

Syndrome (AIDS) related illnesses worldwide [3], with

54% of PLHIV located in East and Southern Africa, 13%

in Western and Central Africa, 16% in Asia and Pacific,

and 6% in Western and Central Europe and North

America [4]. Low and middle-income countries (LMICs),

especially SSA, are the most affected region accounted for

68% of PLHIV in 2018 [2, 4]. Although there is no cure for

HIV, antiretroviral therapy (ART) suppresses viral replica-

tion and increases the CD4 counts sufficiently to improve

the survival rates and quality of life [5]. Despite these bene-

fits, 23.3 million (62%) PLHIV were accessing ART in 2018

[4, 6] with low ART coverage in LMICs is mainly attribut-

able to inaccessibility of health coverage [1].

Malnutrition refers to both undernutrition and over-

nutrition. Undernutrition is a state of inadequate intake

of energy or nutrients to support the physiological func-

tion of the body. Due to the high prevalence of undernu-

trition, malnutrition often refers to undernutrition and

the associated complications [7, 8]. Therefore, this re-

view focused on undernutrition, which is the most com-

mon form of malnutrition in LMICs.

Despite the use of ART having been effective in redu-

cing AIDS-related mortality and morbidities [9], not all

patients living with HIV have the same response to ther-

apy. Thus, additional factors, such as nutritional status,

and potential negative effects on the immunologic re-

sponse of PLHIV must be considered [10]. Undernutri-

tion is the most common problem among PLHIV and a

significant factor potentiating morbidities and mortality

[10]. Although undernutrition and HIV are global chal-

lenges, once more, we see a higher prevalence of under-

nutrition in SSA [11]. Accordingly, in 2018, about 22.8%

of undernourished people and 68% of PLHIV were living

in SSA [2, 4, 12].

Undernutrition and HIV are found to be interwoven

in a vicious cycle [13]. PLHIV are more vulnerable to de-

veloping undernutrition by different mechanisms. HIV is

often accompanied by reduction in food intake due to:

food insecurity, cognitive impairment or depression,

medication-related nausea, and opportunistic infections

(OIs) of mouth and oesophagus, which bring about pain-

ful swallowing [14]. In addition, HIV increases the en-

ergy requirements of HIV-infected adults by 10% for

asymptomatic, and by 20–30% for symptomatic patients

[15]. Conversely, undernutrition weakens the immune

system and increases the risk of early mortality and mor-

bidities [16, 17]. Previous studies have shown that

undernutrition has a significant impact on mortality and

morbidity in PLHIV [18–21], with even a minimal weight

loss of up to 5% significantly increasing the risk of death

[22]. Studies conducted elsewhere confirmed that low

body mass index (BMI) at ART initiation hastened disease

progression and increased the risk of OIs [9, 23].

To inform health program planners and policy-makers,

current evidence-based findings are required. Although

there is a general understanding that undernutrition and

HIV are interrelated, a comprehensive systematic review

and meta-analysis estimating the pooled effects of under-

nutrition on mortality and morbidity among adults living

with HIV is lacking. Although there are primary studies

reporting the effects of undernutrition on mortality and

morbidity among adults living with HIV in SSA, they are

highly fragmented and inconclusive. For example, some

studies showed that undernutrition (BMI < 18.5 kg2) has a

significant effect on mortality and morbidity [23–36],

while others showed no significant impact on mortality

and morbidity [19, 28, 37–40]. To the best of our know-

ledge, the above inconsistencies have not been well inves-

tigated. Therefore, this review aims to examine the effects

of undernutrition on mortality and morbidities among

adults living with HIV in SSA. Results obtained from this

review will provide evidentiary inputs for program plan-

ners and decision-makers in designing strategies to reduce

undernutrition related mortality and morbidities among

PLHIV, particularly in LMICs.

Methods
Data sources and searching strategies

This systematic review and meta-analysis is designed to

examine the effects of undernutrition on mortality and

morbidity among adults living with HIV in SSA. The

study protocol for this systematic review was registered

in the International Prospective Register of Systematic

Reviews (PROSPERO), University of York Centre for

Reviews and Dissemination (ID: CRD42020161822). The

Preferred Reporting Items for Systematic Reviews and

Meta-Analysis (PRISMA) guideline was followed to

report our results (Additional file 1) [41]. We searched

articles published between 2002 and 2019, aligning with

the first year in which the first WHO ART guidelines

were distributed for developing countries [42]. A compre-

hensive search was conducted in the following databases:

PubMed (contains MEDLINE), EMBASE (Elsevier), CINA

HL (EBSCO), and Scopus (Additional file 2). Searches

were limited to articles published in English and con-

ducted on humans. Finally, the reference lists of included

studies were screened for additional articles. Articles iden-

tified through the electronic search were exported and

managed using Covidence, a primary screening and data

extraction tool provided by Cochrane. The search from
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the above-mentioned databases was done using the fol-

lowing search terms:

Line1:“malnutrition” OR “undernutrition” OR “nutri-

tional deficienc*” OR “malnourish*” OR “low Body Mass

Index” OR “low BMI” OR “underweight” OR “nutritional

status” “stunting” OR “Wasting” OR “underweight” OR

“micronutrient deficienc*”.

AND

Line2: “HIV Infections” OR “HIV” OR “HIV-1” OR

“HIV-2” OR “HIV infect*” OR “human immunodefi-

ciency virus” OR “human immunedeficiency virus” OR

“human immuno-deficiency virus” OR “human immune-

deficiency virus” OR “((human immun*)OR (deficiency

virus))” OR “acquired immunodeficiency syndrome” OR

“acquired immunedeficiency syndrome” OR “acquired

immunodeficiency syndrome” OR “acquired immune-

deficiency syndrome” OR “((acquired immun*) OR (defi-

ciency syndrome))” OR “HIV-positive” OR “Sexually

Transmitted Diseases, Viral”.

AND

Line3: “Mortalit*” OR “incidence” OR “survival” OR

“death rate” OR “risk factors” OR “time to death” OR

“case fatality rate” OR “determinates” OR “mortality

rate” OR “predictors” OR “opportunistic infect*” OR

“AIDS related opportunistic infecti*” OR “morbidit*” OR

“hospital admissions” OR “hospitalization” OR “herpes

zoster” OR “bacterial pneumonia” OR “pulmonary TB”

OR “extra-pulmonary TB” OR “tuberculosis” OR “TB”

OR “oral candidiasis” OR “oesophageal candidiasis” OR

“mouth ulcer” OR “diarrh*” OR “pneumocystis pneumo-

nia” OR “central nervous system toxoplasmosis” OR

“toxoplasmosis” OR “cryptococcal meningitis” OR “non-

Hodgkins lymphoma” OR “Kaposi’s sarcoma” OR “cer-

vical cancer” OR “herpes simplex” OR “cytomegalovirus”

OR “AIDS defining disease”.

AND

Line 4: “Angola” OR “Benin” OR “Botswana” OR

“Burkina Faso” OR “Burundi” OR “Cameroon” OR “Cape

Verde” OR “Central African Republic” OR “Chad” OR

“Comoros” OR “Republic of the Congo” OR “Democratic

Republic of the Congo” OR “Cote d’Ivoire” OR

“Djibouti” OR “Equatorial Guinea” OR “Eritrea” OR

Ethiopia” OR “Gabon” OR “The Gambia” OR “Ghana”

OR “Guinea” OR “Guinea-Bissau” OR “Kenya” OR

“Liberia” OR “Madagascar” OR “Malawi” OR “Mali” OR

“Mauritania” OR “Mauritius” OR “Mozambique” OR

“Namibia” OR “Niger” OR “Nigeria” OR “Rwanda” OR

“Sao Tome and Principe” OR “Senegal” OR “Seychelles”

OR “Sierra Leone” OR “Somalia” OR “South Africa” OR

“South Sudan” OR “Sudan” OR “Swaziland” OR

“Tanzania” OR “Togo” OR “Uganda” OR “Zambia” OR

“Zimbabwe”.

The PICO framework was used to determine the eligi-

bility for the study:

✓ Participants/population: adults (defined as those

aged ≥15 years) living with HIV.

✓ Intervention(s)/exposure(s) group: undernourished

adults living with HIV.

✓ Comparator(s)/control group: well-nourished adults

living with HIV.

✓ Outcomes of interests: mortality and morbidities

among adults living with HIV.

Inclusion and exclusion criteria

The study selection was done by the primary author

(AA) using a two-stage approach. Initially, studies were

screened based on titles and abstracts. At this stage, all

studies reporting mortality and morbidity among PLHIV

were considered. Then, a full-text assessment based on

the predetermined inclusion criteria was performed

(Fig. 1). All observational studies (i.e., cross-sectional,

case-control, and cohort) reporting effects of undernutri-

tion on mortality and morbidly among adults living with

HIV in SSA were considered for inclusion. However,

only cohort studies reporting the adjusted hazard ratio

were included in the meta-analysis as determination of

cause and effect relationships requires a robust study de-

sign. Excluded were systematic reviews, animal studies,

studies not reporting the outcome of interests, confer-

ence papers, and editorial comments. The reason for ex-

cluding conference papers was due to the inability to

assess the quality of studies in the absence of their full

texts. Furthermore, studies conducted among HIV-

infected pregnant women were excluded as pregnancy

by itself increased the risk of undernutrition, and nutri-

tional assessment tools used for pregnant women are

different from tools used for other adults [43]. Studies

involving both HIV-infected and HIV-uninfected adults

were excluded, unless data for HIV-infected adults were

reported separately. Articles included only malnourished

adults living with HIV were also not considered for this

review as these lacked controls (i.e., well-nourished

adults living with HIV).

Measurement of outcome variables

This systematic review focused on two outcomes. The

first outcome was the effect of undernutrition on mortality

among adults living with HIV. Undernutrition (under-

weight) was defined as a BMI of less than 18.5 kg/m2.

The severity of undernutrition was classified as severe

(BMI < 16 kg/m2), moderate (BMI 16–16.99 kg/m2),

and mild (BMI 17–18.48 kg/m2) [44]. The second out-

come was the effect of undernutrition on morbidities.

Morbidity refers to the occurrence of any type of opportun-

istic infection, incidence of AIDS defined diseases, hospital

admissions, and other types of illnesses related to HIV-

infection as reported by each primary study. The pooled ef-

fects of undernutrition on mortality and morbidity were
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determined using the (adjusted) hazard ratios reported

from primary studies. For the meta-analysis, only cohort

studies reporting the adjusted hazard ratios were included,

as described previously.

Quality appraisal

The quality of included studies was appraised using the

Newcastle-Ottawa scale (NOS) risk-of-bias assessment

tool for cross-sectional, cohort, and case-control studies

[45]. The NOS is validated for case-control and cohort

studies with grading from zero to ten for cross-sectional,

and zero to nine for case-control and cohort studies

[46]. The three components of the tool are: selection,

comparability, and outcome/exposure. The selection part

of this tool was graded from zero to five stars for cross-

sectional studies, and zero to four stars for cohort and

case-control studies. The comparability was graded from

zero to two stars for all study designs. Lastly, the out-

come/exposure was primarily related to the statistical

analysis and cofounding handling mechanisms, which

was graded from zero to three stars for all study designs.

During the quality appraisal, three (AA, DD, and DS)

authors were involved, ensuring each study was ap-

praised by two authors, with any disagreements between

authors resolved through discussion. Finally, the quality

score of each study was calculated as the sum of scores,

thus ranging from zero to ten for cross-sectional studies,

and zero to nine for cohort and case-control studies.

Accordingly, articles receiving three or four stars in the

selection, one or two stars in comparability, and two or

three stars in outcomes were categorized as “good qual-

ity”. Articles with two stars in the selection, one or two

Fig. 1 Flow chart of study selection for a systematic review and meta-analysis of the effects of undernutrition on mortality and morbidity among

adults living with HIV in SSA
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stars in comparability, and two or three stars in out-

comes, were classified as “fair quality”, whereas, a “poor

quality” score was considered if the articles got zero or

one-star(s) in the selection, or zero stars in comparabil-

ity, or zero or one-star(s) in outcomes [47].

Data extraction

A standardized data extraction format was adopted and

prepared based on the Joanna Briggs Institute (JBI) data

extraction format [48]. The data extracted included the

following: primary author, publication year, country/

countries where the study was conducted, study design,

study/follow-up period, sample size, sex/ gender of par-

ticipants, mortality rate/morbidity rate, and adjusted

hazard ratio/ adjusted odds ratio with 95% confidence

intervals (CI). If further information or clarification was

needed, the primary author of the original article was

contacted through email. The article was excluded if,

after at least two email attempts, the author did not re-

spond. Before combining in a meta-analysis, the hazard

ratios were transformed into a logarithmic scale as the

hazard ratio was measured on a ratio (exponential) scale.

Data synthesis

A narrative synthesis approach was employed to present

results, which were not included in the meta-analysis. A

meta-analysis was performed using Stata™ Version 16

statistical software to estimate effect sizes. Effect sizes

were expressed as log-adjusted hazard ratios (AHR) with

their 95% CIs. In this meta-analysis, well-nourished

adults living with HIV were considered as a reference

(control) category. However, some primary studies re-

ported AHR by considering undernourished adults living

with HIV as a reference category, so to ensure

consistency and uniformity, new AHRs with their 95%

CIs were calculated by taking the reciprocal of the re-

ported AHRs [49]. Primary studies reporting the AHR

based on the severity of undernutrition were included in

our subgroup analysis because they reported nutritional

status in three (mild, moderate, and severe) categories

rather than two categories (undernutrition versus well-

nourished). Studies reporting nutritional status (BMI) as

a continuous variable were addressed in the narrative

review.

Heterogeneity, publication bias, and subgroup analyses

The presence of heterogeneity between included studies

was assessed using Cochrane Q-test and I2 statistics.

The I2 value can be interpreted as: 0 to 40% (might not

be important); 30 to 60% (may represent moderate het-

erogeneity); 50 to 90% (may represent substantial hetero-

geneity); and 75 to 100% (considerable heterogeneity)

[50]. In the case of significant heterogeneity, possible

sources were investigated by performing univariate

meta-regression analyses, and a random-effects meta-

analysis model estimated the final effect size. Further-

more, to minimize random variations between primary

studies, subgroup analyses were performed based on dif-

ferent variables (i.e., country where studies were con-

ducted, degree of malnutrition, sample size, publication

year, and quality score). We selected these variables be-

cause of the availability of data for these variables from

most included studies. At last, the presence of publica-

tion bias was assessed using Egger’s and Begg’s tests at a

5% significance level [51].

Results
Identification of studies

A total of 4309 articles were identified from PubMed,

EMBASE, Scopus, and CINAHL (Fig. 1). After the re-

moval of 898 duplicates, 3411 studies remained and were

screened for title and abstract. In the next step, 3320 ar-

ticles were excluded based on titles and abstracts as

these were not relevant for this review. The full text of

91 studies were downloaded and assessed based on the

predefined inclusion criteria. An additional 43 full texts

were excluded for the following reasons: 17 studies did

not report data on the outcome(s) of interest [52–65],

eight studies reported only descriptive results [66–76],

six studies were conference presentations [77–82], six

studies were not conducted in SSA [83–88], two studies

focused on children (aged < 15 years) [89, 90], two stud-

ies focused on pregnant women [91, 92], one study in-

cluded only malnourished adults [93], and one was a

review paper [94]. Five articles were added from the ref-

erence lists of included articles, leading to 53 included

studies. Of these, 33 studies were conducted on mortal-

ity, 18 studies on morbidity, and two on both morbidity

and both morbidity. Finally, 40 studies were available for

the meta-analysis. Of these, 23 studies were used to esti-

mate the pooled effects of undernutrition on mortality.

Seven studies were included in the subgroup analysis to

determine the effects of the severity of undernutrition

(mild, moderate, and severe) on mortality. The

remaining ten studies were used to estimate the pooled

effects of undernutrition on tuberculosis.

Description of included studies

In this systematic review, a total of 367,680 adults living

with HIV were included across included articles with

more than three quarters (76.2%) being females. Publica-

tion year of the included studies ranged from 2006 to

2019. The sample size of the included studies ranged

from 71 in Kenya [95] to 68,378 in Tanzania [96]. Most

were cohort studies (n = 47, 88.7%). From the 32 studies

that reported the number of deaths or proportion of

mortality, the highest (38%) mortality was reported from

a study done in Kenya [95]; whereas the lowest (2%)
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proportion mortality was reported from a study done in

Cote d’Ivoire [25]. From the 19 included studies to as-

sess the effects of undernutrition on morbidities, 14

studies were done on TB, two studies on anaemia, and

one study each for intestinal parasite (IP), AIDS-defining

disease, and OIs. Of the18 studies that reported the

number of morbidities or proportion of morbidity, the

highest proportion of morbidity (65%) was recorded in a

study conducted in Uganda [97]. Conversely, the lowest

(2.4%) proportion of morbidity was reported from a

study conducted in South Africa [32] (Table 1). In this

review, 13 SSA countries and six multi-country based

studies were represented. In this regard, more than half

(55%) of the studies were conducted in Uganda (n = 8),

Ethiopia (n = 13), and South Africa (n = 8) (Fig. 2).

Quality appraisal results

NOS quality scores ranged from five to nine for cohort

studies and eight to ten for cross-sectional studies (Table

1). The mean quality score of the included studies was

7.34 (SD: 0.14). More than two-thirds (71.7%) of the in-

cluded studies had good quality. Fair or poor quality

scores of the cohort studies were mainly due to the fol-

lowing reasons: lack of descriptions of loss to follow-up

(n = 14, 29.8%), shorter follow-up period (n = 30, 63.8%),

lack of description of the derivation of the exposed

group (n = 19, 40.4%), and lack description of the deriv-

ation of the non-exposed group (n = 16, 34%). All in-

cluded studies controlled confounders through

multivariable regression analysis. However, most of the

cohort studies employed a single-arm study design (no

control group). From 47 cohort studies included in our

review, 14 (29.8%) of the studies lacked a description of

the loss to follow-up. Furthermore, six cohort studies re-

ported that their loss to follow-up rate was more than

20%. About 63.8% of the included cohort studies had a

follow-up period of less than five years for mortality

and/or less than two years for morbidities.

Narrative analysis

The effects of undernutrition on mortality

Five studies [95, 98, 102, 112, 124], which were not suit-

able for the meta-analysis, were included in the narrative

analysis. A multi-county based retrospective cohort

study involving 3749 adults living with HIV found that,

as BMI increased in one unit, the hazard of death was

reduced by 8% (AHR: 0.92, 95% CI: 0.87, 0.96) [98]. A

Kenyan retrospective cohort study followed 71 adults liv-

ing with HIV with a median follow up time of 201 days

found that as BMI increased in one unit, the hazard of

death decreased by 18% (AHR: 0.82, 95% CI: 0.68, 0.99)

[95]. Another retrospective cohort study including 374

adults living with HIV from Uganda reported that adults

living with HIV who had BMI < 17.5 kg/m2 were six-fold

(AHR: 6.11, 95% CI: 2.3, 16.2) more likely to die as com-

pared to well-nourished adults living with HIV. This

study also documented that HIV positive adults, who

had BMI between 17.5 and 18.49 kg/m2, were four times

(AHR: 4.5, 95% CI: 1.54, 13.32) more likely to die than

well-nourished adults living with [102]. Furthermore, a

cross-sectional study involving 1507 participants con-

ducted in Malawi reported that mild (AOR: AOR: 2.1,

95% CI: 1.2, 3.8), moderate (AOR: 2.4, 95% CI: 1.7, 6.3)

and severe (AOR: 6, 95% CI: 4.6, 12.7) undernutrition

were significantly associated with mortality [112]. Lastly,

a cross-sectional study involving 947 adults living with

HIV reported from South Africa found that severe

undernourishment (AOR: 3.71, 95% CI: 1.89, 7.29) and

BMI between 16 and 18.49 kg/m2 (AOR: 2.35, 95% CI:

1.3, 4.26) were significantly associated with mortality in

PLHIV [124].

The effects of undernutrition on tuberculosis

From the 15 studies assessed respecting the effects of

undernutrition on tuberculosis (TB), five studies were

not suitable for meta-analysis [115–119]. A Tanzanian

prospective cohort study followed 67,685 adults living

with HIV with a median follow-up time of 24 months in-

dicated that patients living with HIV with a BMI < 17 kg/

m2 (AHR: 1.96, 95% CI: 1.83, 2.09), and BMI between 17

and 18.49 kg/m2 (AHR: 1.69, 95% CI: 1.58, 1.8) were at

higher risk of TB [115]. An additional retrospective co-

hort study on 32,611 Nigerian adults living with HIV

noted that within a median follow-up time of 29.2

months severely underweight [(BMI < 16 kg/m2 (AHR:

3.85, 95% CI: 2.75, 5.38)], and underweight [(BMI: 16–

18.49 kg/m2 (AHR: 2.18, 95% CI: 1.80, 2.65)] adults liv-

ing with HIV had a higher risk to be diagnosed with TB

[116]. Furthermore, a retrospective cohort study con-

ducted among 254 adults living with HIV in Botswana

documented that, as BMI increased in one unit, the risk

of TB reduced by 19% (AHR: 0.81, 95% CI 0.66, 1.00:

P = 0.05) [118]. A case-control study undertaken with

357 adults living with HIV in Ethiopia reported that

undernourished HIV positive adults had a higher risk of

TB (AOR: 3.8, 95% CI: 2.39, 6.08) [119]. Another pro-

spective cohort study done among 473 adults living with

HIV in Ghana found that undernutrition significantly in-

creased the risk of TB (AOR: 2.51, 95% CI: 1.15, 5.51)

[117].

The effects of undernutrition on other morbidities

Five studies reported the effects of undernutrition on

various morbidities in PLHIV [97, 120–123]. Two cross-

sectional studies from Uganda involved 400 participants

[97], and Ethiopia involved 411participants [121] showed

that undernutrition significantly increased the risk of an-

aemia among PLHIV with prevalence ratio (PR): 2.43
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(95% CI: 1.01, 5.26) and AOR: 2.96 (95% CI: 1.36, 6.39),

respectively. A cross-sectional study conducted among

323 Ethiopian adults living with HIV reported that under-

nutrition was significantly associated with parasitic intes-

tinal infections (AOR: 2.59, 95% CI: 1.36, 4.95) [120].

Furthermore, a Zambian prospective cohort study involv-

ing 572 participants found that moderate wasting was sig-

nificantly associated with AIDS-defining illnesses (AOR:

2.40, 95% CI: 1.13, 5.10) [122]. At last, a retrospective co-

hort study conducted with 340 Ethiopian adults living

with HIV showed that undernutrition was a significant

risk of OIs (AHR: 2.27, 95% CI: 1.4, 3.6) [123].

Meta-analysis of the effects of undernutrition on

mortality

A total of 30 cohort studies were included in the meta-

analysis. Of these, 23 studies reporting nutritional status as

well-nourished (BMI between 18.5 kg/m2 and 24.9 kg/m2)

and undernourished (BMI < 18.5 kg/m2) were analyzed to-

gether. The remaining seven studies reporting undernutri-

tion based on the three categories of mild, moderate, and

severe were addressed in the subgroup analyses (Table 2).

Of the 23 studies included in the meta-analysis, 17 studies

showed that undernutrition has a significant effect on mor-

tality in adults living with HIV [18, 21, 24, 25, 27–31, 34,

101, 105, 106, 110, 111]. However, six studies reported that

undernutrition has no significant effect on mortality in this

population [19, 35, 37–39, 99]. Finally, the pooled AHR of

23 cohort studies involving 125,790 individuals showed that

undernourished adults living with HIV were two-fold

(AHR: 2.1, 95% CI: 1.8, 2.4) more likely to die as compared

to their well-nourished counterparts. The included studies

exhibited substantial heterogeneity (I2 = 66.4% and

Cochrane chi-squared test p-value < 0.001). As a result, a

random-effects meta-analysis model was conducted to esti-

mate the final pooled effect size (Fig. 3).

The possible sources of heterogeneity were explored

using a meta-regression model considering the following

continuous variables as moderators: publication year,

sample size, and quality. None of these factors were sig-

nificantly associated with heterogeneity. Publication bias

was assessed using a funnel plot. Since the funnel plot

had a symmetric inverted shape, it is unlikely that there

is publication bias (Fig. 4). To confirm this finding, ob-

jective statistical tests (Begg’s rank correlation and

Egger’s linear regression tests) were conducted, which

confirmed that there was no publication bias among

studies used to estimate the effect of undernutrition on

mortality with p = 0.5 and p = 0.8.

Subgroup analyses of effects of undernutrition on

mortality

The subgroup analyses of this review showed that se-

verely undernourished adults living with HIV were at

higher risk of death (AHR: 2.3, 95% CI: 1.9, 2.8) as com-

pared to mildly undernourished adults living with HIV

Fig. 2 The distribution of included studies across countries in SSA
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Fig. 3 Forest plot of the effects of undernutrition on mortality among adults living with HIV in SSA

Table 2 Subgroup analyses of the effect of undernutrition on mortality among adults living with HIV in SSA, between 2002 and 2019

Variables Subgroup No of studies Population (N) AHR (95%CI) (I2 (%) and Cochrane chi-squared test p-value)

Severity of undernutrition Severe 6 66, 110 2.3 (1.9, 2.8) (45.5, 0.102)

Moderate 2 42, 308 1.8 (1.5, 2.5) (52.3, 0.145)

Mild 4 50, 754 1.4 (1.1, 1.8) (60.9, 0.053)

Geographical locations Eastern Africa 9 14, 601 1.8 (1.1, 3.0) (75.9, < 0.001)

Western Africa 3 16, 611 2.5 (1.9, 3.3) (23, 0.273)

Sothern Africa 8 36, 303 2.1 (1.8, 2.3) (35.3, 0.147)

Multicounty 3 58, 275 2.4 (1.3, 4.4) (80, 0.007)

Sample size ≥ 5, 470 6 103, 441 1.8 (1.5, 2.3) (79.3, < 0.001)

< 5, 470 17 22, 349 2.3 (1.9, 2.9) (56.6, 0.002)

Publication year ≤ 2012 9 45, 657 2.3 (1.9, 2.7) (65.6, 0.003)

> 2012 14 80, 133 1.9 (1.5, 2.4) (68.2, < 0.001)

Quality score Good 13 93, 236 2.05 (1.7, 2.5) (73.3, < 0.001)

Fair/ poor 10 32, 554 2.2 (1.7, 2.8) (51.5, 0.029)
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(using six studies) [20, 100, 104, 107–109]. However, the

mortality rate between moderately undernourished (two

studies) and mildly undernourished (four studies) adults

living with HIV was not statistically significant [(AHR:

1.8, 95% CI: 1.5, 2.5) [20, 107], and (AHR: 1.4, 95% CI:

1.1, 1.8)] [20, 30, 103, 107], respectively. Moreover, un-

dernutrition on mortality is exacerbated in Western Af-

rica as compared to other parts of SSA (AHR: 2.5, 95%

CI: 1.9, 3.3) [25, 27, 30]. The subgroup analyses also in-

dicated that undernutrition has a more significant effect

on mortality in studies published before 2012 (AHR: 2.3,

95% CI: 1.9, 2.7) [24, 25, 27–30, 99, 101, 106] (Table 2).

Meta-analysis of effects of undernutrition on TB

A total of ten cohort studies involving 104,387 adults liv-

ing with HIV were included in the meta-analysis. Of

these ten studies, seven studies found that undernutri-

tion has a significant effect on the occurrence of TB [26,

32, 33, 36, 96, 113, 114]. The remaining three studies

found that undernutrition has no significant effect on

the occurrence of TB [25, 28, 40]. The final overall

pooled effect found that undernutrition has a significant

effect on the occurrence of TB among adults living with

HIV (AHR: 2.1, 95% CI: 1.6, 2.7) (Fig. 5). Significant het-

erogeneity (I2 = 75.2% and Cochrane chi-squared test p-

value < 0.001) was observed; therefore, a random-effects

meta-analysis model was computed to estimate the

pooled effect. To investigate the possible sources of het-

erogeneity, a univariate random-effects meta-regression

was done using continuous variables of publication year,

sample size, quality as covariates [(Coefficient: − 0.03, p:

0.524), (Coefficient: − 2.71, p: 0.736) and (Coefficient:

0.31: 0.307) respectively]. Finally, publication bias be-

tween the included studies was also assessed using the

funnel plot (Fig. 6) with confirmatory tests of publication

bias done using Begg’s rank correlation and Egger’s lin-

ear regression tests. Accordingly, both test sets indicated

there was no publication bias across included studies

(p = 0.325 and p = 0.767).

Subgroup analyses of effects of undernutrition on TB

Subgroup analyses were performed based on geograph-

ical locations, sample size, and year of publication. Our

subgroup analyses indicated that undernutrition has a

higher effect (AHR: 2.2, 95% CI: 1.6: 2.9) on the occur-

rence of TB among adults living with HIV in studies

done in Eastern Africa as compared to other parts of

SSA. Interestingly, insignificant heterogeneity (I2 = 51%,

p-value = 0.069) was observed between studies con-

ducted in Eastern Africa. The subgroup analysis based

on publication year and sample size found no significant

difference in undernutrition’s effect on the occurrence of

TB among adults living with HIV. However, a

Fig. 4 Funnel plot of the effects of undernutrition on mortality among adults living with HIV in SSA
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Fig. 6 Funnel plot of the effects of undernutrition on TB among adults living with HIV in SSA

Fig. 5 Forest plot of the effects of undernutrition on TB among adults living with HIV in SSA

Alebel et al. BMC Infectious Diseases            (2021) 21:1 Page 13 of 20



considerable heterogeneity difference was observed

across these factors (Table 3).

Discussion
Despite encouraging recent scale-up of ART, nutrition-

related early mortality from HIV is a persistent concern

in SSA. Therefore, this systematic review and meta-

analysis aimed to estimate the pooled effects of undernu-

trition on mortality and morbidity among adults living

with HIV in SSA. To the best of our knowledge, this re-

view is the first of its kind. The findings of this review

highlighted that undernutrition significantly increases

the risk of mortality and morbidity in adults living with

HIV in SSA, and that, as the degree of undernutrition

became more severe, mortality rate also increased.

The overall pooled estimate of 23 cohort studies in-

volving 125,790 adults living with HIV indicated that

undernourished adults living with HIV were two times

(AHR: 2.1, 95% CI: 1.8, 2.4) more likely to die as com-

pared to their well-nourished counterparts. Different

mechanisms could explain the observed association be-

tween undernutrition and mortality. Undernutrition sig-

nificantly impairs the immune response, which could

increase the risk of developing and recurrence of OIs in

the early phase of ART and ultimately contributing to

early mortality. There is evidence that malnutrition ad-

versely affects both innate and adaptive immunity sys-

tems, which are essential for defense against infections

[125]. OIs are the leading cause of mortality among

PLHIV, being responsible for more than 94% of AIDS-

related deaths [126, 127].

Another mechanism explaining the effect of undernu-

trition on mortality could be due to its impact on the

adherence level of ART. Different studies revealed that

undernutrition is significantly associated with poor ART

adherence levels [128, 129]. The effectiveness of HIV

treatment depends on ART drug adherence. PLHIV are

recommended to take their medications continuously

and daily [130] as ART drug adherence is the proximal

predictor of mortality [131, 132]. An additional possible

explanation for the observed effect of undernutrition on

mortality might be due to its impact on ART treatment

failure [133]. PLHIV, who had a history of treatment

failure or not taking their ART drug properly, are at

higher risk of death as compared to those who had good

treatment response or good adherence level to their

ART drugs [134, 135].

This review found that, as the degree of undernutrition

became more severe, mortality rate also increased. This

dose-response relationship of undernutrition and mortal-

ity could result from the severity of malnourishment in-

creasing the occurrence of OIs, which are the leading

cause of mortality among PLHIV [16]. It is postulated that

malnutrition and infection are interrelated in a vicious

cycle [136]. Infections contribute to malnutrition through

different means: increased metabolic demand, loss of ap-

petite, and decreased absorption. On the contrary, malnu-

trition increases the risk of infections by causing immune

deficiency, resulting in the persistence of malnutrition as

the most common cause of immunodeficiency [16, 137].

The second outcome of this review demonstrated that

undernutrition significantly increased the risk of devel-

oping morbidities among adults living with HIV. A

meta-analysis of ten cohort studies involving 104,387

adults living with HIV showed that undernourished

adults living with HIV were twice as likely to develop

TB as compared to their well-nourished counterparts.

Our finding is in line with a systematic review of cohort

studies, which reported that a higher risk of TB was ob-

served among adults with BMI < 18.5 kg/m2 [138]. This

finding might be due to malnutrition’s weakening of the

immune system and the concomitant increased risk of

comorbidities including TB infections [139].

The relationship between malnutrition and TB has

been well documented [140]. The bidirectional relation-

ship is more accentuated among adults living with HIV,

because HIV further weakened the immune system and

increased the risk of TB. Evidence suggests that malnu-

trition increases the risk of disease progression from la-

tent TB to active TB by weakening the immune system

among adults living with HIV [141]. Besides, food inse-

curity may delay the health-seeking behavior, which re-

sults in late diagnosis and poor treatment adherence of

TB [142]. This problem is more severe in SSA, where

68% of the PLHIV in 2018 lived [2, 4], and 23.2% of the

world’s food-insecure people in 2015 lived [143]. On the

other hand, TB can cause loss of appetite, malabsorp-

tion, and increase metabolic demand [144].

Table 3 Subgroup analyses of the effect of undernutrition on TB among adults living with HIV in SSA, between 2002 and 2019

Variables Subgroup No of studies Population (N) AHR (95%CI) (I2 (%) and Cochrane chi-squared test p-value)

Geographical locations Eastern Africa 6 71, 182 2.2 (1.6, 2.9) 51, 0.069

Other countries 4 33, 205 1.8 (0.9, 3.5) 84.9, < 0.001

Sample size ≥ 1, 000 4 101, 199 2.02 (1.4, 2.9) 87.8, < 0.001

< 1, 000 6 3, 188 2.2 (1.3, 3.6) 56.8, 0.041

Publication year ≤ 2012 5 33, 832 2.02 (1.2, 3.4) 80.7, < 0.001

> 2012 5 70, 555 2.02 (1.5, 2.8) 46.8, 0.111
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Finally, subgroup analyses confirmed that undernutri-

tion appears to have a more deleterious effect on the oc-

currence of TB among adults living with HIV in Eastern

Africa as compared to other parts of SSA. The possible

explanation for this variance might be due to the eco-

nomic differences across included countries. Likewise,

the studies included in Eastern Africa were obtained

from Ethiopia, Tanzania, and Uganda. According to the

2019 World Bank report, all three countries were classi-

fied as low-income [145]. Even though the clear associ-

ation is not well known, poverty is widely recognized as

the leading risk factor for TB [129]. Moreover, the ac-

centuated effect of undernutrition on TB could be due

to the clinical profile of the participants included in pri-

mary studies. As an example, more than half (54.6%) of

the participants involved in an Ethiopian study were

classified as WHO clinical stage III and IV [33]. Further-

more, about 44.5% of the participants involved in a Tan-

zanian study were classified as WHO clinical stage III

and IV [96]. The more advanced HIV/AIDS disease

stage coincides with the increased occurrence and the

recurrence of OIs, including TB [146]. According to the

recent Ethiopian National ARV treatment guidelines,

adults living with HIV presenting with pulmonary TB

are classified as WHO stage III and with extra pulmon-

ary TB are classified as WHO stage IV [147].

What does this study add to what is known?

Although different clinical trials showed nutritional in-

terventions have no effect on mortality [16, 148, 149],

the lancet HIV commentary paper strongly recom-

mended that nutritional supplementations for patients

on ART should be continued because it could increase

body weight, hasten physical and functional recovery,

and improve work capacity and quality of life [150].

Similarly, the WHO recommends that severely under-

nourished adults living with HIV should be treated with

therapeutic foods. Moderately undernourished adults liv-

ing with HIV can be treated with supplementary foods.

Besides, nutritional assessments for PLHIV should be

done regularly [151]. Although undernutrition is the

proximal risk factor increasing mortality and morbidity

among adults living with HIV [152], a comprehensive re-

view estimating the effects of undernutrition on mortal-

ity and morbidity in this vulnerable population in SSA is

lacking. Our results showed that undernutrition in-

creased the risk of death and TB among adults living

with HIV by two-fold. For policy makers and program

planners, highly credible evidence obtained from system-

atic reviews and meta-analyses are vital. Therefore, find-

ings from this review may be used to update the

nutritional guidelines used for the management of

PLHIV by different stakeholders, especially in limited-

resource settings.

Strengths and limitations

There are a number of strengths with this review. An ex-

tensive search strategy was undertaken. Explicit inclu-

sion and exclusion criteria regarding population,

exposure, control, and outcomes were used. Three au-

thors were involved in the quality assessment. A

homogenous exposure category (BMI < 18.5 kg/m2) was

used rather than including studies that used different

categories for the meta-analysis. Attempts were made to

control the confounders by taking the AHR for the

meta-analysis. Since the included studies exhibited con-

siderable heterogeneity, advanced statistical analyses

such as meta-regression were performed to identify pos-

sible heterogeneity sources. Most of the included studies

used measured weight and height to calculate BMI from

medical records rather than self-reported weight and

height thereby avoiding recall biases.

Despite the above mentioned strengths, this review has

some constraints that must be considered before inter-

preting results. This review included some studies with

small sample sizes, potentially influencing findings. Our

search limited to studies published in the English lan-

guage, which may have resulted in the exclusion of a few

essential studies. Many studies reported BMI in different

categories making it difficult to include all studies in our

meta-analysis. However, this variance has been addressed

through subgroup analyses and qualitative analysis. Des-

pite the use of AHR for our meta-analysis, most of the in-

cluded primary studies used retrospective data. Thus,

these studies did not include some important nutritional

variables like socioeconomic status and dietary diversity.

Furthermore, the actual effect of undernutrition on mor-

tality could be confounded by undiagnosed acute diseases.

This review included studies reported from 13 SSA coun-

tries and six multicounty based studies, which may yield

underrepresentation of other SSA countries. Lastly, the

majority of included studies used baseline BMI, but it

changed continuously over time. Therefore, this result

may not reflect the actual effects of malnutrition on mor-

tality and morbidity.

Conclusion
This review found that undernutrition has significant ef-

fects on mortality and morbidity among adults living

with HIV. As the degree of undernutrition became more

severe, mortality rate also increased. Based on our find-

ings, we recommended that nutritional assessment

among adults living with HIV needs to be done regu-

larly. Moreover, early screening of morbidities like TB

among undernourished adults living with HIV is recom-

mended. Furthermore, besides the management of mal-

nutrition, comprehensive nutritional counselling to

improve diet by consuming locally available needs to be

reinforced at each visit for HIV care. Further studies are
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needed to examine the impact of nutritional interven-

tions to improve nutritional status on mortality and

morbidities among adults living with HIV. Finally, fur-

ther follow-up studies considering malnutrition as ex-

posure variable are needed to examine its actual effects

on mortality and morbidities.
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