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Abstract

Introduction: A severe healthcare worker shortage in sub-Saharan Africa is inhibiting the expansion of HIV treatment. Task

shifting, the transfer of antiretroviral therapy (ART) management and initiation from doctors to nurses and other non-physician

clinicians, has been proposed to address this problem. However, many health officials remain wary about implementing task

shifting policies due to concerns that non-physicians will provide care inferior to physicians. To determine if non-physician-

provided HIV care does result in equivalent outcomes to physician-provided care, a meta-analysis was performed.

Methods: Online databases were searched using a predefined strategy. The results for four primary outcomes were combined

using a random effects model with sub-groups of non-physician-managed ART and -initiated ART. TB diagnosis rates, adherence,

weight gain and patient satisfaction were summarized qualitatively.

Results: Mortality (N�59,666) had similar outcomes for non-physicians and physicians, with a hazard ratio of 1.05 (CI: 0.88�
1.26). The increase in CD4 levels at one year, as a difference in means of 2.3 (N�17,142, CI: �12.7�17.3), and viral failure

at one year, as a risk ratio of 0.89 (N�10,344, CI: 0.65�1.23), were similar for physicians and non-physicians. Interestingly,

loss to follow-up (LTFU) (N�53,435) was reduced for non-physicians with a hazard ratio of 0.72 (CI: 0.56�0.94). TB diagnosis

rates, adherence and weight gain were similar for non-physicians and physicians. Patient satisfaction appeared higher for non-

physicians in qualitative components of studies and was attributed to non-physicians spending more time with patients as well

as providing more holistic care.

Conclusions: Non-physician-provided HIV care results in equivalent outcomes to care provided by physicians and may result in

decreased LTFU rates.
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Introduction
In response to the HIV epidemic, countries in sub-

Saharan Africa and other low-income regions are attempt-

ing to increase access to antiretroviral therapy (ART). The

HPTN052 treatment as prevention trial, which demonstrated

the ability of ART to prevent HIV transmission, has provided

further impetus for nations to provide universal ART access

[1]. However, the severe healthcare worker shortage affecting

many of these countries is inhibiting the expansion of therapy.

Malawi, for example, has only 2 physicians for every 100,000

individuals, compared to 247 per 100,000 in the United States

[2]. Task shifting, the transfer of responsibilities to different

cadres of healthcare workers, has been proposed to address

this problem. The most widely proposed form is the gradual

transfer of ART management and initiation from doctors to

nurses and other non-physician clinicians. The World Health

Organization has proposed that this and other forms of task

shifting be implemented across sub-Saharan Africa to increase

the availability of antiretrovirals (ARVs) [3].

There is a large body of research evaluating the effects of

task shifting policies with regard to access, outcomes and

cost. Many field reports have described using task shifting

policies, particularly nurse-initiated ART, as critical to increas-

ing access to HIV treatment [4]. However, many of these

reports suffer from confounding factors, including substantial

external funding, intensive training of staff by overseas

NGOs and innovative programmes, factors not present in

most resource-limited health systems [4]. A recent systematic

review concluded that while task shifting policies could

improve access to ARVs, they must be implemented with

training and support and should be considered as a single

tool to be used with other health system strengthening

policies [5]. Recent studies have also concluded that nurse-

managed care results in lower costs than physician-managed
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care and that task shifting policies in general have good

outcomes [3].

Considering that task shifting policies appear to be able

to increase access to HIV treatment with a reduced cost, it

would be reasonable to think that there would be widespread

implementation of task shifting in low-income countries.

However, formal implementation of nurse-managed and -

initiated HIV treatment remains limited. While Rwanda and

South Africa, among other countries, have begun to phase in

nurse-initiated ART, many countries in sub-Saharan Africa

limit prescription of ARVs to physicians [6]. There remain

significant barriers to implementation of task shifting policies.

Most prominently, many policy makers and governmental

ministers have limited knowledge of task shifting policies

and question the ability of task shifting to result in equal

quality of care. Until task shifting is formalized within a

governmental framework, the ability of training programmes

for non-physicians to be implemented remains limited [6].

In order for policy makers to provide evidence-based

guidelines for task shifting policies, the highly heterogeneous

literature must be evaluated and pooled. Although recent

systematic reviews have qualitatively evaluated the impact

task shifting policies have on access to ART [5] and sum-

marized the use of task shifting in Africa generally, [3] none

have quantitatively summarized the literature using a meta-

analysis. This systematic review aims to fill this void and

assess the quality of care provided by non-physician-initiated

and -managed HIV treatment.

Methods
This systematic review was performed using the meta-analysis

of observational studies in pidemiology (MOOSE) statement

as a guideline. This systematic review was also registered with

the International Prospective Register of Systematic Reviews

(ID: CRD42012001956) prior to its initiation, with the search

strategy described there.

Inclusion criteria

Task shifting was defined for this review as non-physician

managed and initiated ART. Non-physician clinicians were

considered to be nurses, clinical nurses, registered nurses,

nurse practitioners, nurse specialists as well as specialized

non-physician clinicians such as clinical officers. Trainees

and community health workers were excluded. Four separate

types of studies were eligible for inclusion in the meta-

analysis: randomized controlled trials, non-randomized

controlled trials, cohort studies and case-control studies.

Cross-sectional studies were eligible for narrative review but

not included in the meta-analysis. Studies which measured

either non-physician-initiated or -managed ART were eligible.

Non-physician-initiated ART refers to non-physicians both

initiating and managing ART, while non-physician-managed

ART refers to non-physicians refilling prescriptions and

managing treatment after diagnosis and initial prescription

by a physician. Studies which measured either adults or

children (0�18 years) were also eligible for inclusion. No

language or age restrictions were applied.

Search strategy

The following databases were searched until August 2012:

PubMed, EMBASE, CINAHL, Social Science Citation Index, Arts

and Humanities Index, Cochrane Controlled Trials Registry as

well as the abstract databases from the International AIDS

Society Conferences, the Conferences on Retroviruses and

Opportunistic Infections and the conferences of the Interna-

tional Society of Sexually Transmitted Diseases Research.

Bibliographies of relevant studies were manually searched.

A grey literature search was also conducted.

The search strategy combined three themes: HIV/AIDS,

ART and task shifting. The detailed strategy is described in

Supplementary File 3. A variety of synonyms were used for

each theme and both keywords and MeSH headings were

used. No keywords were used for outcomes or quality of care,

as relevant studies may not have contained these keywords.

Instead, papers were reviewed manually.

Study selection and data extraction

Two reviewers (CE and NC) performed the search indepen-

dently, screening studies by title and abstract. Those studies

identified as being possibly relevant to ART task shifting

were assessed using the full text by two reviewers (CE and

NC). Once the full-text screen was performed, differences

between the eligible studies were resolved by consensus.

Excluded studies with the reasons for exclusions were

recorded and provided. Information was extracted indepen-

dently and in duplicate using a pre-created form. The primary

outcomes were death, loss to follow-up (LTFU), CD4 increase

at one year and virological failure at one year. Secondary

outcomes were patients requiring change of ART prescrip-

tion, change in weight, documented medical or prescription

failures, prevalence of opportunistic infections, adherence

and patient satisfaction. Performance indicators, including

the ability to properly stage HIV infection, prescribe ART and

document treatment, were also evaluated.

Quality assessment

Quality of individual studies was assessed using a series

of predefined measures. Randomized controlled trials and

controlled before and after studies were assessed using

eight measures: calculation of power, description of eligibil-

ity, baseline assessment, incomplete outcome data, selective

outcome reporting, clear description of roles of nurses,

measurement of implementation of intervention and discus-

sion of confounding factors. Cohort studies were assessed

through the same measures with the removal of calculation

of power. No case-control studies were eligible for inclusion,

however, if one had been identified, it would have been

assessed through the same seven measures as a cohort study.

Cross-sectional studies were assessed with the same mea-

sures with the additional removal of baseline assessment.

Studies which described and reported each measure were

marked as having fulfilled that assessment. If the study did not

report the measure, it was marked as not having fulfilled the

quality assessment. For selective outcome reporting, proto-

cols published prior to the trial being performed were used to

determine if select outcomes had been excluded. As a result,

studies which did not have previously published protocols
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were assessed as being unclear for selective outcome

reporting.

Data analysis

The software RevMan 5.0, provided by the Cochrane collabo-

ration, was used for all statistical calculations. A meta-analysis

was applied for each sub-group of non-physician-managed

ART and -initiated ART using a DerSimonian�Laird random

effects model, which was chosen over a fixed effects model

as there was heterogeneity between studies. I2 was calculated

for each sub-group as a measure of between-study hetero-

geneity. For all outcomes, the generic inverse variancemethod

was used to report pooled summary statistics. For outcomes

reported as hazard ratios (mortality and LTFU), Parmar’s

methods were used to extract hazard ratios and standard

errors from reported confidence intervals and were also used

to estimate hazard ratios for studies which reported total

mortality at discrete time points [7]. An increase in CD4 levels

at one year combined was reported as a continuous out-

come while rates of viral failure at one year, considered

to be patients with �400 copies/mL, was reported as a risk

ratio. Funnel plot asymmetry was used to detect possible

publication bias.

Results
Of the 2021 studies screened by title and abstract, 71 were

screened using the full text (Figure 1). Of those, 62 were

excluded. The reasons for each study’s exclusion are provided

in Supplementary File 3. In summary, 29 did not measure

outcomes, 21 lacked a control group, 7 were irrelevant to the

task shifting of HIV care to non-physician clinicians, 4 had

results reported in another study and 1 was irrelevant to low-

resource settings. Three studies were located by reviewing

the bibliography of relevant studies. Of the remaining

12 studies, 9 studies were eligible for the meta-analysis

while 3 studies were only eligible for the qualitative review.

Study characteristics

Nine studies were included in the meta-analysis (Table 1).

Of those, four measured ART managed but not prescribed

by nurses [8�11], three measured ART prescribed by nurses

[12�14], one measured ART prescribed by both nurses

and health officers [15] and one measured ART prescribed

by a mid-level care provider [16]. One study was a cluster

randomized controlled trial [17], one was an individual

randomized trial [9], one study was a non-randomized

controlled trial [11] and six were retrospective cohort studies

[8,10,12,13,15,16]. All nine studies measured mortality while

eight measured LTFU, five measured CD4 changes and

five measured viral load changes. Five of the studies were

situated in South Africa [8�10,13,14], one was conducted in

Mozambique [16], one in Ethiopia [15], one in Lesotho [12]

and one in Swaziland [11].

Three cross-sectional studies were included in the narra-

tive review. One was conducted in Botswana, measuring

nurse-initiated ART [17], one in Cameroon, measuring nurse-

managed ART [18] and one in Uganda measuring nurse- and

clinical officer-initiated ART [19]. Two evaluations compared

the performance of non-physicians to physicians [17,19],

while one evaluated factor associated with adherence to

therapy [18].

Study quality

The methodological quality of the studies varied significantly

(Supplementary File 1). Only two of the nine studies in the

meta-analysis were randomized controlled trials with a third

Figure 1. Flow diagram of studies selected for systematic review and meta-analysis of non-physician-provided HIV care.
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Table 1. Characteristics of studies included in the meta-analysis and qualitative review

Study Study design Subjects Location and date

Type and role of

non-physicians Participant population

Outcomes

measured

Meta-analysis

Assefa, 2011

[15]

Retrospective cohort

among 30 hospitals

(doctor-led) and 25

health centres (nurse-led)

37,475 Ethiopia, Sept.

2006 to Mar. 2009

Health

officer and

nurse-initiated

ART

All patients who started

between Sept. 2006

and Aug. 2008

Mortality, LTFU,

CD4, patient

attitudes

Brennan,

2011 [8]

Retrospective matched

cohort analysis of a

clinic (doctor-led) and

a down-referral clinic

(nurse-led)

2772 Johannesburg, SA,

Feb. 2008 to Dec.

2009

Nurse-managed

ART

�18 years, on first line

ART, had all data

needed for matching

Mortality, LTFU,

CD4, viral load

rebound, patient

satisfaction

Bedelu,

2007 [13]

Retrospective cohort of 1

hospital and 12 clinics

1025 Lusikiski, SA, Jan.

2004 to Jul. 2006

Nurse-initiated

ART

All patients who

completed 12 months

of treatment by Jul.

2006

Mortality, LTFU,

CD4, viral load

Fairall, 2011

[14]

Cluster randomized

controlled trial of 31

clinics

6321 Free state

province SA, Jul.

2007 to Dec. 2010

Nurse-initiated

ART

Patients �18 years of

age, on ART for �6

months (patients were

reinitiated)

Mortality, viral load,

CD4, change in ART,

TB diagnosis

Humphreys,

2010 [11]

Non-randomized

controlled trial of 15

nurse-led ART clinics and

11 primary care clinics

474 Lubombo,

Swaziland Jan.

2007 to Nov. 2007

Nurse-managed

ART

�14 years of age with

CD4 �100

Mortality, LTFU,

CD4, weight, patient

satisfaction

Labhardt,

2012 [12]

Retrospective cohort

study of 2 hospitals and

12 health centres

3733 Lesotho, 2008 to

2011

Nurse-initiated

ART

�16 years of age Mortality, LTFU

Pienaar,

2008 [10]

Retrospective cohort

study of 4 doctor-

managed clinics and 1

task shifting clinic

564 Western Cape, SA,

Jul. 2004 to Jun.

2005

Nurse-managed

ART

�18 years of age, ART

naive

Mortality, LTFU,

CD4, viral failure,

adherence

Sanne, 2010

[9]

Randomized controlled

trial at 2 clinics

812 South Africa, Feb.

2005 to Nov. 2007

Nurse-managed

ART

�16 years of age,

CD4B350 or AIDS-

defining illness

Mortality, LTFU, viral

and treatment

failure

Sherr, 2010

[16]

Retrospective cohort at 2

public HIV clinics

5892 Mozambique, Jul.

2004 to Oct. 2007

Mid-level care

provider-

initiated ART

�15 years of age Mortality, LTFU,

CD4, optimal

adherence

Qualitative review

Boyer, 2011

[18]

Cross-sectional study

evaluating factors

associated with

adherence in 27 health

centres

2381 Cameroon, Sept.

2006 to Mar. 2007

Nurse-managed

ART

�21 years of age,

receiving ART

Adherence,

unplanned

treatment

interruptions

Monyatsi,

2011 [17]

Cross-sectional survey

comparing the

performance of

physicians to nurses

197

providers

Gaborone,

Botswana

Jan.�Mar. 2009

Nurse-initiated

ART

Paediatric patients

B16 years of age, on

ART for one year

Appropriate

documentation for

ight variables

Vasan, 2009

[19]

Cross-sectional

evaluation comparing

agreement between

non-physicians and

physicians

521 Uganda, Jul. to

Sept. 2006

Nurse- and

clinical officer-

initiated ART

�18 years of age, not

started on ART

Agreement whether

to initiate ART,

therapy prescribed
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study being a non-randomized controlled trial. All controlled

trials had at least six of the eight quality factors. The

remaining five cohort studies were of lower methodological

quality, with two cohort studies having only three of the

seven factors. The remaining four had at least four of the

factors. The most common error among all studies was a

lack of an evaluation of the degree to which nurse-managed

and -initiated care was actually being implemented within

the clinic. The STRETCH randomized controlled trial was one

of the few studies which monitored the implementation

of nurse-initiated ART [14]. Within nurse-initiated clinics,

only 26% of ART initiations were by a nurse. It is thus unclear

whether, in studies which did not monitor the implementa-

tion of nurse-initiated ART, a large majority of ART initiations

were actually by physicians. The three cross-sectional studies

included in the qualitative review were also of varying

quality, with one study having only two of six factors while

the two remaining studies had three of five. It was also

unclear for the cohort and cross-sectional studies whether

there was selective outcome reporting, as protocols for

retrospective studies were not published prior to the study

being conducted. As only two studies measured all four of

the primary outcomes (both randomized controlled trials),

selective outcome reporting remains a significant concern for

the nine observational studies included in this systematic

review [8,9].

Primary outcomes

Funnel plots were produced for mortality and LTFU to

determine if there was publication bias (Supplementary File

2). While there were too few studies to apply a quantitative

test for bias, visual inspection of the plot did not indicate

significant bias. There was significant heterogeneity between

studies with I2�76% (pB0.0001) for mortality and I2�87%

(pB0.00001) for LTFU. Consequently, a random effects

model was used for analysis. Meta-analysis of mortality

(N�59,666) found no significant difference between non-

physicians and physicians with a hazard ratio of 1.04 (CI�0.

84�1.28, p�0.72) (Figure 2). In a sub-group analysis,

there was no significant difference between non-physicians

and physicians for non-physician-managed ART (p�0.30)

or -initiated ART (p�0.31). However, non-physicians had

reduced LTFU (N�53,435), with a hazard ratio of 0.72

(CI�0.56�0.94, p�0.01) (Figure 3). This effect was primarily

driven by the non-physician-initiated ART group which had

a ratio of 0.63 (CI�0.45�0.87), while the non-physician-

managed ART subgroup had a hazard ratio of 0.98 (CI�0.59�
1.66). When Bedelu (2007) [13] is removed in a sen-

sitivity analysis, the effect for both non-physician-initiated

ART sub-group (HR�0.84, pB0.00001) and combined sub-

groups (HR�0.85, pB0.0001) remains.

Meta-analysis of CD4 level increase at one year

(N�17,142) found no evidence of a significant difference

between physicians and non-physicians, with a mean differ-

ence of �2.32 favouring non-physicians (CI��17.31 to

12.68, p�0.76) (Figure 4). Neither sub-group was found to

have a significant difference between types of clinicians

although the small number of trials reduced the power of the

analysis. The number of patients in viral failure at the end of

one year (N�10,344), defined as having �400 units/mL of

blood, was also found not to be significant between non-

physicians and physicians (risk ratio�0.89, CI�0.65�1.23,
p�0.47) (Figure 5). Significant differences in rates of viral

failure were also not found in sub-group analysis.

Secondary outcomes

Eight studies reported secondary outcomes (Table 2). In

two randomized controlled trials evaluating non-physician-

provided HIV care, the rates of TB diagnosis were equivalent

between non-physicians and physicians [9,14]. The rates of

toxicity failure were also found to be similar between nurses

and physicians in one randomized trial in South Africa [9].

Two studies compared patient’s weight change following

nurse provided HIV care and physician provided care. A non-

randomized trial in Swaziland found similar levels of weight

increase when treated by physicians or non-physicians [11],

Figure 2. Meta-analysis of mortality (N�59,666), separated by sub-group analysis of nurse-managed and nurse-initiated ART.
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while a randomized trial in South Africa found that patients

treated by nurses had a significantly greater weight increase at

one year by 0.77 kg [9]. Rates of CD4 testing were found to be

similar between physicians and non-physicians in a cohort

study inMozambique [16], while a cohort study in South Africa

found that patients treated by nurses were significantly more

likely to have had CD4 levels completed than patients treated

by physicians [13]. The only randomized trial which evaluated

change in ART therapy found that nurses were more likely to

change therapy with a risk ratio of 2.99 [9].

Satisfaction rates were generally found to be better for

non-physicians than physicians. Two qualitative components

of cohort studies found that patients expressed a preference

for nurses over physicians, who were seen as friendlier,

more supportive and providing more holistic care [10,15].

The single quantitative measurement of satisfaction found

that patients had a non-significant preference for nurse-

managed ART with a risk ratio of 1.25 [11].

A cross-sectional study in Cameroon evaluated which

factors were associated with non-adherence and treatment

interruptions to ART [18]. Attending a healthcare facility with

a policy of task shifting HIV care to nurses was associated with

a decreased risk of non-adherence (OR�0.59, 0.26�1.33) but
with a higher risk of treatment interruptions (OR�1.29,

0.49�3.38). Neither association was statistically significant.

In a cohort study in Mozambique, however, patients cared for

by non-physicians were found to have significantly higher

rates of adherence [15].

Performance indicators

Two cross-sectional studies compared non-physicians to

physicians on performance indicators. A study in Botswana

compared the ability of nurses and physicians to properly

document eight variables including WHO staging and dosing

of therapy for paediatric HIV patients [17]. Nurses correctly

documented 96% of the time compared to 94.9% for

Figure 3. Meta-analysis of loss to follow-up (LTFU) (N�53,435), separated by sub-group analysis of nurse-managed and nurse-initiated ART.

Figure 4. Meta-analysis of increase in CD4 levels at one year (N�17,142), separated by sub-group analysis of nurse-managed and nurse-

initiated ART.
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Figure 5. Meta-analysis of rates of viral failure at one year (N�10,334), separated by sub-group analysis of nurse-managed and nurse-

initiated ART.

*Viral failure is defined as �1000/mL rather than �400/mL for Sanne, 2010 [9].

Table 2. Summary of studies that evaluated secondary outcomes

Study Type and role of non-physician Outcomes and result

Assefa, 2011 [15] Health officer and

nurse-initiated ART

Satisfaction: Patients were more comfortable with nurses and health officers who were

friendlier and more supportive.

Boyer, 2011 [18] Nurse-managed ART Adherence: Patients going to hospitals with task shifting had non-significant decreased

likelihood of non-adherence: OR�0.59, CI�(0.26�1.33).

Treatment interruptions: Patients going to hospitals with task shifting had a non-significant

increased likelihood of treatment interruption OR�01.29, CI�(0.49�1.38).

Bedelu, 2007 [13] Nurse-initiated ART CD4 testing: Patients getting nurse-initiated treatment at clinics were significantly more

likely to have CD4 levels done than patients with physician-initiated ART (pB0.001).

Fairall, 2011 [14] Nurse-initiated ART Change in weight: Patients had a greater weight increase for nurses (1.3 kg) than for

physicians (0.47 kg). ^�0.77 kg CI�(0.20,1.34).

TB diagnosis: There was no significant difference in likelihood of TB diagnosis of nurses and

physicians. RR�1.11, CI� (0.86, 1.43).

Change of ART drugs: Nurses were more likely to change antiretroviral therapy. RR�2.99,

CI�(2.21,4.02).

Humphreys, 2010

[11]

Nurse-managed ART Change in weight: There was no significant difference between weight gain for nurses (1.09

kg) than for physicians (1.04 kg).

Satisfaction: Patients had a non-significant preference for nurse-managed care than

physician-managed. RR�1.25, (CI�0.97�1.61).

Pienaar, 2008 [10] Nurse-managed ART Satisfaction: Patients preferred to see nurses over doctors. Nurses were considered to be

more holistic.

Sanne, 2010 [9] Nurse-managed ART Toxicity failure: There was no significant difference in likelihood of toxicity failure for nurses

than physicians. RR�1.04, CI�(0.74�1.45).

TB diagnosis: There was no significant difference in likelihood of a diagnosis of TB for nurses

than physicians. RR�0.92, CI�(0.55�1.53).

Sherr, 2010 [16] Nurse- and clinical

officer-initiated ART

Adherence: Patients being cared for by non-physicians had higher rates of adherence than

physicians. RR�1.05 CI�(1.02�1.09).

CD4 Testing: There was no significant difference between CD4 testing by non-physicians

and physicians at one year of ART. RR�1.12 (CI�0.96�1.31).
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physicians, demonstrating non-inferiority of nurse perfor-

mance. Nurses also had higher rates of proper social history

documentation. A study in Uganda compared the agreement

between nurses, clinical officers and physicians on whether

to initiate ART and the form of therapy prescribed [19].

Between nurses and physicians and clinical officers and

physicians, there was 95% and 95.9% agreement, respec-

tively, on the recommendation of ART. With regard to WHO

stage, there was 96.6% and 94.2% agreement for nurses and

clinical officers, respectively.

Discussion
Our meta-analysis and systematic review found that non-

physician-provided care resulted in equivalent outcomes to

physician-provided treatment. This is consistent with the

two randomized controlled trials included in this meta-

analysis [9,14], as well as other non-controlled cohort studies

which have reported good outcomes for nurse-provided

care [20,21]. Non-physician-initiated ART was found to

have reduced LTFU compared to physician provided care,

while non-physician-managed ART was found to have no

effect. This is likely due to a difference in the design of

non-physician-managed and non-physician-initiated studies.

The comparison group in studies measuring non-physician-

initiated ART were entire clinics which used non-physician-

initiated and -managed care, while studies measuring

non-physician-managed ART used clinics which had both

nurses and physicians simultaneously providing care as

their comparison group. Decentralization of care is likely

responsible for the reduced LTFU rate. Treatment at primary

care clinics closer to individuals’ communities may reduce

waiting times and allow patients to take less time off

work, increasing the likelihood of patients remaining in care.

As studies of non-physician-initiated ART tended to have

decentralization more than managed ART studies, a reduced

LTFU rate was found for non-physician-initiated ART. When

performing a separate sub-group analysis, splitting studies

which used separate clinics for non-physicians and physi-

cians against those in which they worked together, the

effect is pronounced with separate clinics having a mortality

HR�0.64 (CI: 0.44�0.93) while the same clinic has HR�0.94

(CI: 0.65�1.36). Thus, the decentralization often associated

with task shifting to non-physicians reduces LTFU.

Many of the strengths of this review can also be consid-

ered weaknesses. No restrictions were put on publication

status and both peer-reviewed papers as well as conference

abstracts were accepted for inclusion. This was done to

reduce the risk of publication bias and include as many studies

as possible. Two abstracts [10,12] were included in the meta-

analysis as published studies were found which described

the outcomes of other eligible abstracts. The lack of peer

review for these abstracts may mean that issues with their

methodology were not uncovered. However, exclusion of

these studies did not have a significant effect on the cal-

culated summary mortality hazard ratio, changing from 1.05

(CI: 0.88�1.26) to 1.03 (CI: 0.82�1.28).
A second potential pitfall with this meta-analysis relates to

the use of Parmar’s methods for extracting hazard ratios from

summary statistics [7]. While the use of Parmar’s methods

allowed us to include a variety of studies reporting mortality

data in various forms, the approximations used in the

methods may have introduced error into the calculated

summary statistics for certain studies. For example, a cohort

study [15] reported net mortality rates at only four separate

time points while another cohort study [13] reported only

total mortality at the final time point. The extracted time

to death hazard ratios for these two studies will be an

estimate of the actual time to death ratio, as Parmar’s

method assumes a constant hazard rate between time

points. However, exclusion of these smaller studies would

introduce a significant risk of publication bias. When a

separate subgroup analysis is performed with these studies

removed, the overall hazard ratio for morality remains

similar, changing to 0.96 (CI�0.82�1.12).
A strength of our meta-analysis is the inclusion of

both randomized trials and observational studies. Rando-

mized trials typically have higher internal validity than

observational studies. However, they may lack applicability

to the health systems typically found in sub-Saharan Africa

[22]. This can be seen in the CIPRA randomized trial in

South Africa, included in this meta-analysis, which com-

pared nurse-managed ART to physician-managed treatment

in 808 patients. In addition to training in the use of ART,

nurses and physicians were provided with didactic clinical

management as well as telephone support from a clinical

safety team, interventions which would not be present in

most low-resource settings. The inclusion of observational

studies, which typically occur under conditions similar to

the external health system, should balance this weakness

of randomized trials. Other confounding factors, including

the presence of overseas non-governmental organization

funding, talented leadership and intensive training, were

found in both observational and randomized studies and

may hinder the applicability of their findings to an external

health system [4].

The quality of the included studies, analyzed through a

set of assessments defined a priori, varied significantly.

The two included randomized controlled trials were of higher

quality than the included cohort studies, although they did

not differ significantly in their findings. The most troubling

factor among most studies was a lack of an assessment to

a degree to which nurses actually initiated and managed

ART. In the STRETCH trial, only 26% of initial prescriptions of

ARVs in the nurse-led cohort were actually prescribed by

nurses [14]. This raises the question of whether studies that

compared non-physician-led clinics to physician led-clinics

inadvertently included large numbers of patients treated by

physicians within non-physician-led cohorts.

This meta-analysis supports the general trend in sub-

Saharan Africa towards the provision of ART by nurses and

other non-physicians. Many countries, including South Africa,

Lesotho and Malawi have implemented national policies

allowing the prescription of ARVs by nurses [23]. However,

many countries which suffer from poor access to ART, in-

cluding Mozambique, Tanzania and the Democratic Republic

of Congo, continue to restrict prescription of ARVs to

physicians [24]. It has been argued that this lack of imple-

mentation of task shifting policies is a form of unnecessary
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rationing of medical care and is unethical [6]. However,

significant barriers remain before task shifting policies can

be implemented throughout sub-Saharan Africa. There re-

mains unwarranted resistance among health officials to

putting in place formal regulatory frameworks for nurses

to prescribe ART [6]. There is a significant cost to implement-

ing novel training programmes for non-physicians and there

is concern among nurses about taking on additional tasks

for which they will not be remunerated [15]. In addition,

task shifting of ART to overworked non-physicians may be

ineffective at increasing access to ART if it is not combined

with the shifting of existing tasks from non-physicians to lower

level cadres [5]. Eventually, shifting of ART management

tasks may go beyond non-physician clinicians to community

health workers and even patients themselves. Finally, there is

the ever-present concern that task shifting of ART to non-

physicians will deplete already limited resources for general

health services [15]. In this regard, task shifting can be

considered a short-term solution to be used in combination

with broader measures to strengthen healthcare systems,

including increased funding, training and evidence-based

policy making.

These barriers suggest areas for future research. First,

research should be conducted into the ability of various

combinations of task shifting to non-physicians and lower level

cadres to increase access to HIV treatment. Second, the cost

effectiveness of task shifting to non-physicians should be

examined. A recent cohort study, conducted in South Africa,

concluded that down-referral to a nurse-managed clinic

was 11% less expensive than physician provided care due to

nurses ordering more expensive drugs. However, if down-

referral was implemented throughout the South African

healthcare system, even its relatively moderate reduction

in cost could provide for millions of dollars in savings at

an aggregate level [25]. Comprehensive guidelines for the

prescription of ART by nurses could prevent discrepancies

between physician and non-physician prescription patterns,

further increasing potential savings. Third, training pro-

grammes for nurses and other non-physicians need to be

evaluated on their ability to prepare non-physicians to

independently prescribe ARVs. While the ideal programme

should be relatively short and incur a low cost, these re-

quirements may conflict with training non-physicians to

provide quality care. Supervision after training is also neces-

sary to improve patient care and ensure that knowledge from

training programmes can be translated into practice. Finally,

additional barriers to implementing task shifting policies

on national levels need to be identified. Researchers should

consider sharing the results of these studies with advocacy

and policy organizations to increase the level of awareness of

task shifting among health officials.

Conclusions
This meta-analysis of the result of a combined 59,666

subjects found that non-physician-provided HIV treatment

results in the same outcomes as traditional physician-

provided treatment and may result in reduced LTFU rates.

Patients were more likely to be satisfied by care provided by

non-physicians, which was attributed to the perception that

nurses provided more holistic care and that nurse-led clinics

were closer to patients’ homes. These results support the

current expansion of task shifting policies in sub-Saharan

Africa and suggest that countries that have not implemented

such policies may be unnecessarily rationing their care.

Future research should be conducted into evaluating training

programmes for non-physicians as well as identifying barriers

that are inhibiting the expansion of task shifting policies.

Authors’ affiliations

Dalla Lana School of Public Health, University of Toronto, Toronto, ON, Canada

Competing interests

The authors have no conflicting interests to declare.

Authors’ contributions

Connor Emdin conceived of the study, contributed to the design of the study,

performed the systematic search and data analysis and contributed to the final

manuscript. Nicholas Chong performed the systematic search and contributed

to the final manuscript. Peggy Millson contributed to the design of the study

and the final manuscript.

Acknowledgements and funding

Connor Emdin is funded through a Heaslip Scholarship from Trinity College,

University of Toronto.

References

1. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC,

Kumarasamy N, et al. Prevention of HIV-1 infection with early antiretroviral

therapy. N Engl J Med. 2011;365(6):493�505.
2. Maddison AR, Schlech WF. Will universal access to antiretroviral therapy

ever be possible? The health care worker challenge. Can J Infect Dis Med

Microbiol. 2010;21(1):64�9.
3. Callaghan M, Ford N, Schneider H. A systematic review of task shifting for

HIV treatment and care in Africa. Hum Resour Health. 2010;8:8.

4. Colvin CJ, Fairall L, Lewin S, Georgeu D, Zwarenstein M, Bachmann MO,

et al. Expanding access to ART in South Africa: the role of nurse-initiated

treatment. S Afr Med J. 2010;100(4):210�2.
5. Emdin CA, Millson P. A systematic review evaluating the impact of task

shifting on access to antiretroviral therapy in sub-Saharan Africa. Afr Health

Sci. 2012;12(3):318�24.
6. Price J, Binagwaho A. From medical rationing to rationalizing the use of

human resources for AIDS care and treatment in Africa: a case for task shifting.

Develop World Bioeth. 2010;10(2):99�103.
7. Parmar MK, Torri V, Stewart L. Extracting summary statistics to perform

meta-analyses of the published literature for survival endpoints. Stat Med.

1998;17(24):2815�34.
8. Brennan AT, Long L, Maskew M, Sanne I, Jaffray I, MacPhail P, et al.

Outcomes of stable HIV-positive patients down-referred from a doctor-

managed antiretroviral therapy clinic to a nurse-managed primary health

clinic for monitoring and treatment. AIDS. 2011;25(16):2027�36.
9. Sanne I, Orrell C, Fox MP, Conradie F, Ive P, Zeinecker J, et al. Nurse versus

doctor management of HIV-infected patients receiving antiretroviral therapy

(CIPRA-SA): a randomised non-inferiority trial. Lancet. 2010;376(9734):33�40.
10. Pienaar D, Myer L, Cleary S, Englebrecht M. Models of care for

antiretroviral service delivery in three provinces of South Africa [Abstract].

4th Public Health Association of South Africa Conference. Cape Town:

University of Cape Town; 2008.

11. Humphreys CP, Wright J, Walley J, Mamvura CT, Bailey KA, Ntshalintshali

SN, et al. Nurse led, primary care based antiretroviral treatment versus hospital

care: a controlled prospective study in Swaziland. BMC Health Serv Res. 2010;

10:229.

12. Labhardt N. Outcomes of antiretroviral treatment programs in rural

Lesotho: health centers and hospitals compared [Abstract]. Washington, DC:

AIDS; 2012.

13. Bedelu M, Ford N, Hilderbrand K, Reuter H. Implementing antiretroviral

therapy in rural communities: the Lusikisiki model of decentralized HIV/AIDS

care. J Infect Dis. 2007;196(Suppl 3):464�8.
14. Fairall L, Bachmann M, Lombard C, Timmerman V, Uebel K, Zwarenstein M,

et al. Task shifting of antiretroviral treatment from doctors to primary-care

Emdin CA et al. Journal of the International AIDS Society 2013, 16:18445

http://www.jiasociety.org/index.php/jias/article/view/18445 | http://dx.doi.org/10.7448/IAS.16.1.18445

9

http://www.jiasociety.org/index.php/jias/article/view/18445
http://dx.doi.org/10.7448/IAS.16.1.18445


nurses in South Africa (STRETCH): a pragmatic, parallel, cluster-randomised

trial. Lancet. 2012;380(9845):889�98.
15. Assefa Y, Kiflie A, Tekle B, Mariam DH, Laga M, Van Damme W.

Effectiveness and acceptability of delivery of antiretroviral treatment in health

centres by health officers and nurses in Ethiopia. J Health Serv Res Pol. 2012;

17(1):24�9.
16. Sherr KH, Micek MA, Gimbel SO, Gloyd SS, Hughes JP, John-Stewart GC,

et al. Quality of HIV care provided by non-physician clinicians and physicians in

Mozambique: a retrospective cohort study. AIDS. 2010;24(Suppl 1):59�66.
17. Monyatsi G, Mullan PC, Phelps BR, Tolle MA, Machine EM, Gennari FF,

et al. HIV management by nurse prescribers compared with doctors at a

paediatric centre in Gaborone, Botswana. S Afr Med J. 2012;102(1):34�7.
18. Boyer S, Clerc I, Bonono CR, Marcellin F, Bile PC, Ventelou B. Non-

adherence to antiretroviral treatment and unplanned treatment interruption

among people living with HIV/AIDS in Cameroon: individual and healthcare

supply-related factors. Soc Sci Med. 2011;72(8):1383�92.
19. Vasan A, Kenya-Mugisha N, Seung KJ, Achieng M, Banura P, Lule F, et al.

Agreement between physicians and non-physician clinicians in starting antiret-

roviral therapy in rural Uganda. Hum Resour Health. 2009;7:75.

20. Shumbusho F, van Griensven J, Lowrance D, Turate I, Weaver MA, Price J,

et al. Task shifting for scale-up of HIV care: evaluation of nurse-centered

antiretroviral treatment at rural health centers in Rwanda. PLoS Med.

2009;6(10):e1000163.

21. Bolton-Moore C, Mubiana-Mbewe M, Cantrell RA, Chintu N, Stringer EM,

Chi BH, et al. Clinical outcomes and CD4 cell response in children receiving

antiretroviral therapy at primary health care facilities in Zambia. J Am M A.

2007;298(16):1888�99.
22. Drummond M. Methods for the economic evaluation of health care

programmes. 3rd ed. Oxford: Oxford University Press; 2005.

23. Ford N, Calmy A, Mills EJ. The first decade of antiretroviral therapy in

Africa. Global Health. 2011;7:33.

24. Medicines Sans Frontieres. Speed up scale-up: strategies, tools and

policies to get the best HIV treatment to more people, sooner. Medicines

Sans Frontieres; 2012. Available from: http://www.msf.org/sites/msf.org/files/

old-cms/fms/article-documents/MSF_Speed_up_Scale-up_report_webres.pdf

25. Long L, Brennan A, Fox MP, Ndibongo B, Jaffray I, Sanne I, et al. Treatment

outcomes and cost-effectiveness of shifting management of stable ART

patients to nurses in South Africa: an observational cohort. PLoS Med.

2011;8(7):e1001055.

Emdin CA et al. Journal of the International AIDS Society 2013, 16:18445

http://www.jiasociety.org/index.php/jias/article/view/18445 | http://dx.doi.org/10.7448/IAS.16.1.18445

10

http://www.msf.org/sites/msf.org/files/old-cms/fms/article-documents/MSF_Speed_up_Scale-up_report_webres.pdf
http://www.msf.org/sites/msf.org/files/old-cms/fms/article-documents/MSF_Speed_up_Scale-up_report_webres.pdf
http://www.jiasociety.org/index.php/jias/article/view/18445
http://dx.doi.org/10.7448/IAS.16.1.18445


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


