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Abstract objectives To compare the advantages to patients and to programmes between fixed-dose

combination (FDC) antiretroviral therapy and separate tablet regimens.

methods Three electronic databases and two conference abstract sites were searched from inception

to 01 March 2013 without geographical, language or date limits. Studies were included if they

reported data on clinical outcomes, patient-reported outcomes and programme-related outcomes that

could be related to pill burden for adult and adolescent patients on ART. For the primary outcomes

of adherence and virological suppression, relative risks and 95% confidence intervals were calculated,

and these were pooled using random effects meta-analysis.

results Twenty-one studies including information on 27 230 subjects were reviewed. Data from

randomised trials showed better adherence among patients receiving FDCs than among patients who

did not (relative risk 1.10, 95%CI 0.98–1.22); these findings were consistent with data from

observational cohorts (RR 1.17, 95% CI 1.07–1.28). There was also a tendency towards greater

virological suppression among patients receiving FDCs in randomised trials (RR 1.04, 95%CI 0.99–
1.10) and observational cohort studies (RR 1.07, 95% CI 0.97–1.18). In all studies reporting patient

preference, FDCs were preferred. The overall quality of the evidence was rated as low.

conclusions Fixed-dose combinations appear to offer multiple advantages for programmes and

patients, particularly with respect to treatment adherence.

keywords adherence, antiretrovirals, fixed-dose combinations, virological suppression

Introduction

Successful antiretroviral therapy (ART) depends criti-

cally on adherence, and suboptimal adherence is the

most common reason why the benefits of ART are not

sustained (Wood et al. 2003; Kalichman et al. 2010).

Among numerous solutions proposed to improve adher-

ence to ART, fixed-dose combination (FDC) therapy,

which combines two or more active drugs in a single

pill, is a favoured approach. The first FDC to be mar-

keted as part of anti-HIV therapy was the combination

of zidovudine and lamivudine, as both compounds

were produced by the same company. Triple-combina-

tion FDCs as single tablets became the standard of care

in resource-limited settings from early 2000, as the

combination of three generic antiretrovirals – stavu-

dine, lamivudine and nevirapine. The subsequent devel-

opment of other, potentially useful, FDCs has been

conditioned by the extent to which different patent

holders are willing to work together and produce com-

bination therapy.

The use of FDCs in HIV therapy has been suggested to

provide benefits to both patients and programmes.

Patients have reported improved adherence and quality of

life (Mosen et al. 2010; Sterrantino et al. 2012), and pro-

grammes can benefit through simplified supply chain and

prescribing (Calmy et al. 2006). On the other hand, there

is concern that FDCs may limit patient management

options by preventing single drug substitutions or dosage

adaptation (Llibre et al. 2011). We conducted this review

to assess the patient and programme impact of FDC anti-

retroviral therapy.
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Methods

This review followed the PRISMA guidelines for report-

ing of systematic reviews (Moher et al. 2009).

Search strategy and study selection process

We searched three electronic databases (MEDLINE, EM-

BASE and the Cochrane Database of Systematic Reviews)

from inception to 01 March 2013. No geographical, lan-

guage or date limits were applied. Keywords for terms such

as ‘HIV’ and ‘fixed-dose combination’, and related terms

were used to identify relevant studies. A detailed descrip-

tion of the search terms is provided in the review protocol

(Appendix S1). Conference abstracts from the databases of

International AIDS Society Conferences (up to July 2012)

and the Conference on Retroviruses and Opportunistic

Infections (up to March 2013) were also searched. Titles

and abstracts were screened for eligibility independently

and in duplicate by two reviewers (RR, NF). Bibliographies

of all included and other relevant articles were hand-

searched to identify further studies, as well as bibliogra-

phies of previously published studies assessing the efficacy

of once-daily regimens (Nachega et al. 2014) to seek fur-

ther potential inclusions and determine the extent to which

this variable could influence outcomes of this review.

Inclusions and exclusions

We sought studies reporting clinical outcomes, patient-

reported outcomes and programme-related outcomes that

could be related to pill burden for adult and adolescent

patients on ART. To assess clinical outcomes, comparative

studies were sought. Partial FDCs (where two pills are

combined) and full FDCs (single tablet regimens) were eli-

gible for inclusion provided the comparator regimen com-

prised a greater number of pills, regardless of the dosing

schedule. We excluded any comparison regimens that were

considered clinically non-equivalent such that any differ-

ences in outcomes could be attributed to characteristics

other than pill burden (e.g. differences in efficacy or tolera-

bility). Only regimens for which there were no a priori

expected differences in virological efficacy were included.

For patient-reported and programme-related outcomes

such as quality of life or supply chain management, non-

comparative studies were also considered. Switch studies,

where patients started on one regimen were subsequently

switched to a different regimen once virological suppres-

sion had been achieved, were included. Case reports, case

series <10 patients, and pharmacokinetic and bioequiva-

lence studies were excluded. Children (defined as age

≤15 years) were excluded because their ART dose must be

adjusted as they grow and because of differing limitations

of drug use owing to toxicity concerns; both issues compli-

cate the evaluation of FDCs for children.

Clinical outcomes assessed were adherence (as defined

by the studies), virological response (as defined by the

studies), immunological response (CD4 gain), mortality

and incidence of opportunistic infections. Where studies

reported multiple thresholds for virological suppression,

the lowest threshold was used for analysis. Patient-

reported outcomes of interest included quality of life and

patient preferences and satisfaction (as defined by the

studies). Programme-level outcomes of interest included

drug stock-outs and supply chain management.

Data synthesis and analysis

Using data extraction templates, we extracted data on

study characteristics, patient characteristics, details about

the intervention and comparators, and outcomes; data

were extracted by one reviewer (RR) and verified by a

second reviewer (NF). When clarification or further infor-

mation was required, study authors were contacted. Con-

ference abstract first authors were contacted regarding

availability of a corresponding full text paper. Studies

that were similar in setting and cohort size were checked

to avoid duplication, and in case of uncertainty, study

authors were contacted for confirmation. A set of 12 cri-

teria was developed in order to rate the methodological

quality. Summary scores were not generated as these pro-

vide misleading estimates of risk of bias by treating all

criteria as equal (Juni et al. 2001).

For the primary outcomes of adherence and virological

suppression, relative risks and 95% confidence intervals

were calculated and these were pooled using random

effects meta-analysis (Fleiss 1993). These outcomes were

reported separately according to study design (rando-

mised trial or observational cohort), and for the rando-

mised trials, subgroup analyses were undertaken to assess

potential differences in virological outcomes according to

definition of virological failure applied and whether stud-

ies were switch studies. Statistical heterogeneity was

assessed by the I2 statistic. All P-values were two-sided

with a P-value of <0.05 considered significant. All statis-

tical analyses were carried out in Stata (version 12.0;

StataCorp LP, College Station, TX, USA)

Results

Study characteristics

Of 1707 titles screened, 663 conference abstracts

retrieved, 53 studies were reviewed in full and 22 papers
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reporting outcomes from 21 studies (one study reported

clinical outcomes and patient preferences in two separate

reports (Sterrantino et al. 2006, 2012) were taken for-

ward for review; these studies provided information on

27 230 subjects were taken forward for review

(Figure 1). Study size ranged from 12 (Rosso et al. 2012)

to 15 933 patients (Cocohoba et al. 2012). There were 6

randomised trials (Eron et al. 2000; Fischl et al. 2003;

Sosa et al. 2005; Lamarca et al. 2006; Maitland et al.

2008; Hodder et al. 2010), 10 prospective cohort studies

(Clotet et al. 2004; Sanchez et al. 2006; Sterrantino et al.

2006; Rutland and Mani 2009; Airoldi et al. 2010;

Pasquet et al. 2010; Manfredini et al. 2011; Homar et al.

2012; Rosso et al. 2012; Hull et al. 2013) and 5 retro-

spective cohort studies (Legorreta et al. 2005; Willig

et al. 2008; Juday et al. 2011; Cocohoba et al. 2012;

Keiser et al. 2007). Publication date ranged from 1999 to

2013 and reporting periods span 1995 to 2012. Most

studies were carried out in high income settings, with the

largest number of studies originating from the United

States (nine studies) and Italy (five studies). None of the

clinical studies comparing fixed-dose regimens against

separate tablet regimens differed in terms of daily dosing.

The most common FDC studied was efavirenz+emtri-

citabine + tenofovir, which was assessed by 13 studies

(mostly observational studies), followed by abaca-

vir + lamivudine, which was assessed by eight studies

(mostly randomised trials). Full FDCs were assessed by

16 studies, and partial FDCs were assessed by seven stud-

ies.

Six studies reported coinfection. Hepatitis C was most

frequently reported (five studies) followed by hepatitis B

(two studies). It was not clear, however, whether these

patients were receiving concurrent medication. Study

characteristics are summarised in Table 1.

Overall, the quality of included studies was rated as

low. The majority of the included studies were non-

randomised observational studies, including five retro-

spective cohort studies. Among the RCTs, only one

adequately described method of allocation concealment
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and randomisation (Maitland et al. 2008). Ten studies

received industry support (Table S1).

Clinical outcomes

Virological suppression. Seven studies evaluated virologi-

cal suppression, with varying thresholds and durations of

follow-up. Four of these studies reported a larger propor-

tion of subjects achieving virological suppression in the

FDC group than in the non-FDC group (Eron et al.

2000; Fischl et al. 2003; Hull et al. 2013; Homar et al.

2012).

Six studies, comprising four RCTs (806 patients) and

two observational cohorts (311 patients), contributed to

the meta-analysis of virological suppression (one study

reported outcomes on virological suppression but data

could not be disaggregated for inclusion in the meta-

analysis, and authors were unable to provide clarification

(Hull et al. 2013)). For the RCTs, the relative risks ran-

ged from 0.98 (95% CI 0.87–1.11) to 1.16 (95% CI

1.01–1.33), and overall there was a tendency towards

greater virological suppression among patients receiving

FDCs than among those who did not, with a borderline

significant relative risk of 1.04 (95% CI 0.99–1.10)
(Figure 2). Heterogeneity was low (I2 = 9.3%). One of

the two observational cohort studies was excluded due to

no events in either arm; the relative risk for the remain-

ing study was 1.07 (95% CI 0.97–1.18). In subgroup

analysis, outcomes did not differ according to definition

of virological suppression applied, or whether studies

were switch studies or not.

Adherence. Ten studies assessed adherence, and eight of

these reported results favouring FDCs (Eron et al. 2000;

Fischl et al. 2003; Legorreta et al. 2005; Keiser et al.

2007; Hull et al. 2013; Maitland et al. 2008; Manfredini

et al. 2011; Cocohoba et al. 2012; Sterrantino et al.

2012). One RCT reported a statistically significant benefit

of FDCs in terms adherence to taking the medication

(99.2% vs. 96.6%, P = 0.017), correct dosing (97.1% vs.

91.9%, P = 0.006) and correct timing (95.5% vs. 86.3%,

P = 0.006) (Maitland et al. 2008). A study that com-

pared a two-pill regimen (emtricitabine/tenofovir + efavi-

renz) to the equivalent three-pill regimen found

adherence to be significantly higher in the FDC group for

emtricitabine and tenofovir (87% vs. 74%, P < 0.01) as

well as for efavirenz (87% vs. 84%, P = 0.026) (Keiser

et al. 2007). Of the remaining four studies (Fischl et al.

2003; Sosa et al. 2005; Lamarca et al. 2006; Homar

et al. 2012), all reported higher adherence in the FDC

group, but two studies did not find this difference to be

significant and two studies did not provide information

about statistical significance.

Five RCTs (873 patients) contributed to the meta-

analysis of adherence, and the relative risks ranged from

1.04 (95% confidence interval 0.97–1.12) to 1.31 (95%

CI 0.95–1.82). Overall, there was a tendency towards

better adherence among patients receiving FDCs than

among those that did not, with a relative risk of 1.10

(0.98–1.22). There was substantial heterogeneity

(I2 = 66.2%). For the two observational cohorts contrib-

uting to the meta-analysis (1721 patients), relative risks

were 1.13 (95% CI 0.98–1.31) and 1.20 (95% CI 1.06–

NOTE: Weights are from random effects
            analysis

.

.

RCT

LaMarca

Sosa

Fischl

Eron

Subtotal  (I−squared = 9.3%, p = 0.346)

Prospective cohort

Homar

Sanchez

Subtotal  (I−squared = .%, p = .)

Study

1.06 (0.79, 1.43)

0.98 (0.87, 1.11)

1.16 (1.01, 1.33)

1.03 (0.97, 1.09)

1.04 (0.98, 1.10)

1.07 (0.97, 1.18)

(Excluded)

1.07 (0.97, 1.18)

Relative
risk (95% CI)

47/94

96/119

74/83

106/110

323/406
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33/33

158/167

Events,
Treatment

41/87

96/117
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106/113

307/400

63/72

72/72
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Events,
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1.06 (0.79, 1.43)

0.98 (0.87, 1.11)

1.16 (1.01, 1.33)

1.03 (0.97, 1.09)

1.04 (0.98, 1.10)

1.07 (0.97, 1.18)

(Excluded)

1.07 (0.97, 1.18)

47/94
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74/83

106/110

323/406

125/134

33/33

158/167

Favours Separate Pills Favours FDCs

1.698 1 1.43
Figure 2 Pooled analysis of virological

suppression comparing FDCs and

separate tablet regimens.
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1.35); pooling these two studies gave a statistically

significant relative risk of 1.17 (95% CI 1.07–1.28).
There was no statistical heterogeneity (I2 = 0%)

(Figure 3).

One prospective cohort study (Willig et al. 2008), from

the United States, provided indirect evidence for adher-

ence benefit by comparing time periods before and after

the introduction of FDCs. Regimen discontinuation was

significantly lower in the post-FDC period than the pre-

FDC period (14% vs. 6%, P < 0.02). Additionally, dura-

tion of initial ART was measured according to these time

periods and according to the regimen pill burden; the ini-

tial regimen duration was higher in the post-FDC period

(1043 days vs. 780 days) and higher as the number of

pills decreased (340 days for ≥6 pills, 766 days for 4–5
pills and 1218 days for ≤3 pills) (Cocohoba et al. 2012).

Other clinical outcomes. Five studies reported a CD4

cell count increase in the FDC group over the follow-up

period. Three reported increases greater in the FDC rela-

tive to the non-FDC group, one study reported this

increase to be significant (P < 0.005), another reported

no significance and the remaining study did not provide

information about statistical significance; in the remain-

ing two studies, the CD4 gain was lower in the FDC

group. Only one study reported data on resistance muta-

tions by arm (Lamarca et al. 2006). 4 K65R muta-

tions were reported in the FDC arm and three in the

separate-pill arm; L74V mutations were reported in one

subject per arm, and Y115F mutations were reported in

two subjects in the FDC arm and one subject in the

separate-pill group. Finally, one study evaluated retention

in care and found that subjects who were still on ART

had a greater likelihood of receiving this as FDC than

those who were not (58% and 46%, respectively;

P < 0.01) (Pasquet et al. 2010).

Patient-reported outcomes

Four studies evaluated quality of life, and all reported it

to be consistently higher for subjects taking FDCs than

for those taking separate-pill treatment. Hodder et al.

(2010) reported a statistically significant difference for

physical quality of life score between patients taking

FDCs and non-FDCs (54.9% vs. 52.9%, P = 0.01). Air-

oldi et al. (2010) reported an improvement in four indi-

cators of mental quality of life following the switch from

non-FDC to FDC and statistically significant increases for

overall quality of life score (increase of 3.92/10,

P = 0.042); this study also provided evidence of an asso-

ciation between adherence and quality of life. The third

study reported a statistically significant increase in overall

quality of life score (increase of 3.4/10, P = 0.02, respec-

tively) (Clotet et al. 2004). Manfredini et al. (2011)

assessed quality of life using a depression score (decrease

of 2.2/30 post-switch) and self-perceived psychological

fatigue (decrease in score of 2.2/10 post-switch), both of

which showed significant improvement.

Five studies, including three switch studies, measured

patient satisfaction, and all reported a statistically signifi-

cant increase in patient satisfaction favouring FDCs (Clo-

tet et al. 2004; Watson et al. 2004; Rutland and Mani

NOTE: Weights are from random effects analysis
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1.55 1 1.82Figure 3 Pooled analysis of adherence to
ART comparing FDCs and separate tablet

regimens.
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2009; Manfredini et al. 2011). Similarly, four studies

evaluated patient preferences, and all reported results in

favour of FDCs (Willig et al. 2008; Airoldi et al. 2010;

Hodder et al. 2010; Rosso et al. 2012). Two studies

reported on convenience, and this outcome was also

found to favour FDCs. Finally, one study assessed per-

ceived ease of regimen use using a questionnaire with a

4-point scale (Hodder et al. 2010). At the end of follow-

up, 97% of FDC subjects perceived their regimen to be

‘very easy’ compared to 81% of non-FDC subjects

(P < 0.0001); 94% of patients reported their reason for

opting to switch to a FDC was a desire to simplify their

current regimen. Patient-reported outcomes are summar-

ised in Tables S2 and S3 (online only).

Programme-related outcomes

One study provided information on stock-outs (Pasquet

et al. 2010). Overall, 11% of subjects in this study expe-

rienced prolonged regimen discontinuation or therapy

modification as a result of drug stock-outs. In 27% and

51% of cases, stock-outs included nevirapine and zidovu-

dine + lamivudine, respectively. In contrast, the most

commonly used FDC regimen, stavudine + nevira-

pine + lamivudine, did not encounter any stock-outs dur-

ing the follow-up period.

Discussion

Medication adherence is widely recognised as a challeng-

ing and widespread concern that can negatively affect

patient outcomes and incur substantial cost to healthcare

programmes. In the United States, it has been estimated

that up to half of all adults are non-adherent to long-

term medications leading to an estimated $100 billion in

preventable costs annually (Marcum et al. 2013).

Fixed-dose combinations have been widely promoted

as an intervention to improve adherence to treatment

among people living with HIV/AIDS and for other major

infectious (TB, malaria) or non-infectious diseases such as

hypertension (Anonymous 2003). The World Health

Organization has long supported the use of FCDc as part

of simplification and scale up, and as part of the Treat-

ment 2.0 Strategy to optimise ART in support of the UN

target to reach 15 million people on ART by 2015, pro-

motes the use of effective, affordable and simple therapy,

including FDCs as a priority intervention (Anonymous

2011).

Overall, this systematic review found that fixed-dose

antiretroviral therapy appears to improve rates of adher-

ence and possibly virological suppression compared to

separate-pill regimens. While the adherence benefit is not

large, it is line with benefits derived from other adherence

interventions. The use of community support (food provi-

sion and home care) and text messaging are both

accepted as interventions that work and the reported

effect sizes of these interventions are within the range of

the improvements found in this review (Barnighausen

et al. 2011). Unlike other adherence support interven-

tions which themselves require a degree of adherence,

FDCs require no further action on the part of the patient

or provider as the intervention is an indivisible character-

istic of the treatment.

These findings are supported by the benefits reported

by patients in terms of improvements in quality of life

and satisfaction with treatment. Several other studies

identified by this review process that did not meet the eli-

gibility criteria indicate further possible benefits: one

study, from the USA, reported improved treatment out-

comes for homeless and marginalised people taking FDCs

(Bangsberg et al. 2010). Another study, from South

Africa, suggested that FDCs may improve adherence

among mobile migrant workers. Several studies also

reported that FDCs are cost-effective compared to sepa-

rate tablet regimens (Matambo et al. 2012). While intui-

tively reducing pills would decrease the risk of drug

stock-outs and improve supply chain management, the

lack of reporting of these outcomes could be a publica-

tion bias consequent to few studies reporting logistical

outcomes in the medical literature.

The findings of this review are supported by evidence

from several RCTs and evidence from a range of different

settings reporting a variety of outcomes including both

objective (viral load) and subjective (patient preferences)

measures. A notable weakness of the evidence base is the

use of different outcome measures and measurement tools

used by different studies, with differing levels of reliabil-

ity, including questionnaires with limited attention paid to

reducing bias. One study only reported outcomes up to

8 weeks (Maitland et al. 2008); we chose to include this

study as early adherence has been found to be predictive

of longer-term virological outcomes (Ford et al. 2010). In

particular, there is a lack of data on impact in terms of

drug resistance development, with only one study report-

ing this outcome. Finally, despite efforts to identify as

many studies applicable to this review as possible, there is

always the possibility that relevant studies, particularly in

the grey literature, may have been overlooked.

This review included switch studies (in which only

patients with a suppressed viral load are included), which

may result in bias due to both patient selection and modi-

fication of some of the patient’s treatment regimen.

Nonetheless, we decided to include these studies as they

reflect decisions made in practice: in April 2013, South
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Africa changed policy to recommend FDCs as the pre-

ferred first line and consequently many patients are being

switched from separate-pill therapy. Finally, an alterna-

tive explanation for some of the positive results was the

fact that some FDCs also provide benefit in terms of

reducing daily dosing (Parienti et al. 2009). For the pri-

mary outcome analyses of adherence and virological sup-

pression in which all drug regimens were clearly

described, this was assessed and no difference in dosing

schedule was observed.

Assessment of evidence in the field of FDC is a challenge

as few studies have been designed explicitly to directly

compare the same regimens as separate pills and fixed-

dose. Nevertheless, the results of most studies point in the

same direction of modest benefit favouring FDCs. From a

programme perspective, FDCs may reduce the risk of dos-

ing error and therefore support task shifting of ART pre-

scribing to lesser trainer healthcare workers (Morris et al.

2009; Llibre et al. 2011) and could potentially simplify

supply chain management and reduce the risk of drug

stock-outs, although again the evidence base is weak.

Despite these potential advantages, not all regimens are

available as FDCs, and company interests and patent

restrictions, rather than public health considerations, for

the most part explain which individual antiretroviral drugs

get combined into FDCs and which do not. These consid-

erations are particularly relevant a time where generic an-

tiretrovirals are beginning to enter the European and

American markets, and trade-offs may need to be made

between pill burden and cost (Walensky et al. 2013).

In conclusion, the evidence base for clinical advantages

of FDCs over separate pills is limited, but the findings of

most studies included in this review point in the same

direction of benefit, with no evidence of harm. Pro-

grammes should consider adopting FDCs in preference to

further support scale up and sustain treatment benefits,

provided costs are similar.
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