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Introduction

Increases in the availability and uptake of antiretrovi-
ral therapy (ART), including under guidelines of univer-
sal ART for pregnant and breastfeeding women, have led 
to massive reductions in new paediatric HIV infections 
[1–3]. However, poor retention in ART services remains 
a global concern, with particularly high levels of disen-
gagement from HIV care documented among women dur-
ing the postpartum period [4–6]. Pooled data from Option 
B + programs in Africa suggest that approximately 75% 
of women are retained in HIV care through 6–12 months 
postpartum [5]. In South Africa and many similar settings, 
prevention of mother-to-child transmission (PMTCT) ser-
vices are integrated into antenatal care during pregnancy, 
but the timing of transfer out of antenatal services during 
the postpartum period differs across countries [7]. In South 
Africa, this transfer occurs immediately postpartum. Under 
these policies, women receive HIV services separate from 
routine infant care which may be provided in different loca-
tions. Across and within countries, policies related to the 
timing of transfer may be implemented differently in differ-
ent health facilities [8], and transfer out of antenatal services 
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Abstract
In a randomised trial, we found that integrated maternal HIV and infant health services through the end of breastfeeding 
were significantly associated with the primary outcome of engagement in HIV care and viral suppression at 12 months 
postpartum, compared to the standard of care. Here, we quantitatively explore potential psychosocial modifiers and media-
tors of this association. Our findings suggest that the intervention was significantly more effective among women experi-
encing an unintended pregnancy but did not improve outcomes among women reporting risky alcohol use. Although not 
statistically significant, our results suggest that the intervention may also be more effective among women experiencing 
higher levels of poverty and HIV-related stigma. We observed no definitive mediator of the intervention effect, but women 
allocated to integrated services reported better relationships with their healthcare providers through 12 months postpartum. 
These findings point to high-risk groups that may benefit the most from integrated care, as well as groups for whom these 
benefits are hampered and that warrant further attention in intervention development and evaluation.
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has been highlighted as a major point of loss to follow-up in 
the maternal HIV care cascade [2, 9].

An approach which has been posited to reduce disen-
gagement from care is the integration of HIV care into other 
routine health services, although the current evidence for 
effectiveness is mixed [10, 11]. In settings where integrated 
services have been shown to be effective, there is a need 
to examine factors that potentially modify intervention 
effects, and to explore the mechanisms of change leading to 
improved outcomes. This evidence is particularly important 
in low-resource settings to refine interventions and poten-
tially target them to particular groups for whom they are 
most beneficial. In the context of a randomised controlled 
trial in Cape Town, South Africa [the “Maternal and Child 
Health – Antiretroviral Therapy” (MCH-ART) study], 
we compared the existing standard of care (control) to an 
integrated service (intervention), where maternal ART and 
infant health care were provided concurrently and in the 
same maternal and child health (MCH) clinic through the 
end of breastfeeding. We found that providing integrated 
services significantly increased the proportion of women 
who were engaged in HIV care and virally suppressed at 12 
months postpartum [12]. We posited that the effectiveness of 
the intervention overall may be due to factors which include 
a lower burden of clinic visits due to co-located care; lower 
levels of HIV-related stigma through continued receipt of 
ART in the MCH clinic; and prolonged positive relation-
ships with nurse-midwives in this clinic [13–15]. Further, 
we observed that the intervention was more effective among 
women initiating ART later in pregnancy, compared to those 
initiating ART earlier [12].

Given the promise of this model of care for postpartum 
women, there is a need to refine and target future imple-
mentation of this intervention. Critical to this refinement 
is the identification of factors that may modify interven-
tion effects, and an exploration of mechanisms of change. 
A framework that may be beneficial to this is Social Action 
Theory (SAT). SAT delineates a model of contextual deter-
minants as well as social interaction and individual self-reg-
ulatory processes, and the mechanisms by which these lead 
to health behaviours [16, 17]. Contextual factors known to 
be associated with poor ART outcomes include an individu-
al’s background characteristics such as poverty [18–20], and 
internal contextual factors include mental health problems 
such as depression or psychological distress [18, 21, 22] as 
well as alcohol use [19, 21–24]. Among pregnant women 
specifically, other contextual determinants include late entry 
into antenatal care [18–20] and an unintended pregnancy 
[25, 26]. Social interaction processes that may negatively 
affect ART outcomes include negatives attitudes from or 
treatment by healthcare providers [18–20], HIV-related 
stigma [18–20, 27, 28], low levels of social support [18, 19, 

22], and the fear or experience of intimate partner violence 
(IPV) [19, 20]. Finally, factors known to be associated with 
suboptimal ART behaviours at the level of individual self-
regulation include poor knowledge about HIV and ART [19, 
20, 29, 30], negative beliefs and concerns about ART use 
[19, 20, 31, 32], and low levels of adherence-self efficacy 
[20, 21, 33].

Following the conclusion of the MCH-ART randomised 
controlled trial, our aim here was to quantitatively exam-
ine (i) psychosocial modifiers of the intervention effect and 
(ii) potential mediators of the effect. The goal of examin-
ing modifiers was to identify groups for whom the inter-
vention was most beneficial and to whom the intervention 
could be targeted, as well as groups for whom the interven-
tion was not effective and that warrant further attention in 
intervention development. In parallel, the goal of examining 
mediators was to understand how integrated services lead to 
improved outcomes, with a view to refining interventions by 
identifying the most effective components.

Methods

This analysis draws on data from the MCH-ART trial, 
which evaluated integrated services during the postpartum 
period. The design and primary results of the trial have 
been previously reported [12, 34]. Briefly, the study was 
conducted in a primary care antenatal clinic in the com-
munity of Gugulethu, Cape Town, where an antenatal HIV 
prevalence of ~ 30% has been reported [35]. In this setting, 
women experience multiple overlapping risks, including 
poverty, unintended pregnancy, alcohol use, and IPV [36–
38]. For the MCH-ART study, women living with HIV were 
enrolled when entering antenatal care, and women initiating 
ART were followed through delivery. Following enrolment, 
women attended up to three study measurement visits, coin-
ciding with their 2nd antenatal visit; late 3rd trimester; and 
immediately postpartum.

MCH-ART Intervention

Women who attended the immediate postpartum study 
visit and were currently breastfeeding [471 (75%) of 628 
women enrolled into antenatal follow-up] were enrolled 
into postpartum follow-up and randomly allocated. Random 
allocation was to the MCH-ART intervention (integrated 
concurrent and co-located maternal ART and paediatric 
care in the MCH clinic through the end of breastfeeding) or 
the standard of care (control), where women were referred 
as soon as possible postpartum to general HIV clinics, 
and their infants were referred to routine child health ser-
vices. Although all postpartum women may benefit from 
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integrated HIV and MCH care, the goal of this trial was to 
focus on breastfeeding women, given the ongoing risk of 
mother-to-child transmission (MTCT). Thus, only breast-
feeding women were enrolled into the trial; a secondary aim 
of the trial was to explore the impact of the intervention 
on breastfeeding practices. Women subsequently attended 
up to five study measurement visits separate from any rou-
tine health services, at 6 weeks and 3, 6, 9 and 12 months 
postpartum. This analysis includes all women with primary 
outcome data available at 12 months postpartum [411 (87%) 
of 471 women enrolled]. All participants provided writ-
ten informed consent prior to study enrolment. The study 
was approved by the Faculty of Health Sciences Human 
Research Ethics Committee at the University of Cape Town, 
and the Institutional Review Board of Columbia University 
Medical Centre.

Measures

Table  1 details the measures assessed at each study mea-
surement visit, relevant to this analysis. All measures were 
administered by trained interviewers in participants’ home 
language, predominantly isiXhosa. Instruments were trans-
lated from English into isiXhosa and were back-translated 
using standard procedures [39]. Sociodemographic char-
acteristics were assessed at enrolment, and a composite 
poverty score was created based on current employment 
status, type of housing (formal house or informal shack) 
and access to household assets (a flush toilet, piped water 
inside the home, electricity, a refrigerator, a telephone, 
and a television). Distribution-based cut-offs were used to 
categorize participants into three groups, representing the 

most disadvantaged (lowest scores), moderately disadvan-
taged (middle), and least disadvantaged women (highest 
scores) relative to other participants in the study based on 
this composite score. Women were asked using a single item 
whether they were trying to have a baby when they became 
pregnant, with pregnancy intentions categorised as planned 
versus unplanned.

At various antenatal and postpartum timepoints, a bat-
tery of psychosocial measures was administered. Measures 
were selected drawing on SAT, described above, and on 
factors known to be associated with adherence behaviours. 
We adapted previously used tools to assess HIV and HIV 
treatment knowledge [40–42], ART medication beliefs [43] 
and adherence self-efficacy [44]. Knowledge scores were 
summed, and we calculated mean scores for medication 
beliefs and self-efficacy; higher scores on each scale indi-
cate higher levels of knowledge, beliefs about the necessity 
of taking ART, and adherence self-efficacy, respectively. We 
used items adapted from the Social Impact Scale to measure 
enacted and internalised HIV-related stigma [45], and from 
a measure of the perceived availability of social support to 
measure social support [46, 47]; both measures have been 
shown to perform well in this setting [48]. For these mea-
sures, higher scores indicate higher levels of HIV-related 
stigma and higher levels of perceived social support, respec-
tively. Finally, women’s relationships with their routine 
healthcare providers were assessed using a 19-item Patient-
Healthcare Provider Relationship Scale which was devel-
oped and validated among South African pregnant women 
[49], with higher scores indicating better patient-provider 
relationships. In analysis, we explored each of these con-
structs as continuous variables and using categories of 

Table 1  Factors explored as (A) effect modifiers and (B) mediators of the intervention effect, across timepoints of assessment
Antenatal Postpartum
1st ante-
natal 
visit

2nd 
ante-
natal 
visit

Late 3rd 
trimester

< 7 days
Random allocation 
to intervention versus 
control

6 weeks 3 months 6 months 9 months 12 months
Primary 
trial 
outcome

Poverty A
Pregnancy intentions A
HIV knowledge A B B
HIV treatment knowledge A B B
ART medication beliefs A B B
Adherence self-efficacy A A B B
HIV-related stigma A B B
Social support A A B B
Patient-provider relationship B B B B
Depression (EPDS) A
Psychological distress (K-10) A
Risky alcohol use (AUDIT-C) A A
Intimate partner violence A A
Abbreviations: EPDS: Edinburgh Postnatal Depression Scale; K-10: Kessler-10 scale; AUDIT-C: Alcohol Use Disorders Identification Test – 
Consumption.
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study visits prior to randomisation. For measures that were 
assessed multiple times prior to randomisation, consistent 
results were observed using later measures, thus we report 
results using the first measure of each construct. Consistent 
results were also observed when using sub-scales of the 
psychosocial measures and when exploring the effect of 
different forms of IPV. To assess mediation, we explored 
associations between trial arm and potential mediators mea-
sured after randomisation; and calculated the percentage 
change in the RD corresponding to the intervention effect 
when each potential mediator was added to the model. All 
analyses were exploratory in nature, thus we did not correct 
for multiple comparisons or use confirmatory analytic tech-
niques such as structural equation modelling [57]. Rather 
than relying solely on p-values to indicate statistical signifi-
cance, we focus on effect sizes and 95% CI to indicate the 
precision of our findings [58].

Results

Between March 2013 and April 2014, 628 pregnant women 
living with HIV were enrolled into antenatal follow-up. 
Of these women, 471 (75%) attended the immediate post-
partum study visit and reported breastfeeding, and were 
enrolled into the MCH-ART trial. Compared to those 
enrolled, women who were excluded had entered antena-
tal care earlier (mean: 19.3 weeks versus 20.9 weeks; z: 
-2.36; p-value: 0.019) and had higher HIV treatment knowl-
edge scores (mean score: 6.6 versus 6.5 out of a maximum 
score of 8; z: 1.93; p-value: 0.053) and higher social sup-
port scores (mean score: 4.4 versus 4.2 out of a maximum 
score of 5; z: 1.83; p-value: 0.068); no other demographic 
or psychosocial characteristics differed between women 
enrolled into the trial versus those not enrolled (Supple-
mentary Table 1). Of the 471 women enrolled into the trial, 
411 (87%) contributed primary outcome data (202 allocated 
to the intervention arm, and 209 to the control) and are 
included in this analysis. The mean age overall was 28.8 
years; 25% had completed secondary education; and 38% 
were currently employed. Just over half of women (54%) 
were newly diagnosed HIV-positive; and 41% were mar-
ried and/or cohabiting with their male partner. Baseline 
characteristics were similar across intervention and control, 
although women allocated to the control had entered ante-
natal care at a slightly later gestation compared to women 
allocated to the intervention (mean: 21.1 versus 19.9 weeks; 
z: -1.70; p-value: 0.090; Table 2).

above versus below the median score to classify participants 
according to relative levels.

Depression during the past week was assessed using the 
Edinburgh Postnatal Depression Scale (EPDS), which has 
been validated for use during pregnancy [50], with a score 
of ≥ 13 used to indicate possible depression [51]. Psycho-
logical distress during the past month was measured using 
the Kessler-10 (K-10) scale [52], with a threshold of ≥ 21.5 
used to indicate psychological distress [53]. Alcohol use was 
measured using the Alcohol Use Disorders Identification 
Test - Consumption (AUDIT-C), with a score of ≥ 3 used to 
indicate risky drinking [54, 55]. At the 2nd antenatal study 
visit, women were asked to report alcohol use during the 
12 months prior to pregnancy recognition; at the study visit 
conducted during the late 3rd trimester, women were asked 
about alcohol use during pregnancy. IPV was assessed using 
the World Health Organization Violence Against Women 
tool [56], with violence defined as any report of psycho-
logical, physical or sexual violence. Violence during the 12 
months prior to pregnancy recognition was assessed at the 
2nd antenatal study visit, and violence during pregnancy was 
assessed immediately postpartum.

At study visits, women provided 5ml of venous blood 
for HIV viral load (VL) testing, conducted by the National 
Health Laboratory Service (NHLS) using the Abbott Molec-
ular RealTime HIV-1 assay (Abbott Molecular, Illinois, 
USA). Data on health service usage was requested from the 
Western Cape Provincial Health Data Centre, including data 
pertaining to HIV care visits; pharmacy dispensing; and 
laboratory results. The primary outcome for the MCH-ART 
trial was a binary composite endpoint of retention in care 
and viral suppression at 12 months postpartum. Retention 
in care was defined as any evidence of HIV-related clinical 
care received between 9 and 18 months postpartum, based 
on routinely collected records of HIV clinical care visits, 
ART dispensing, and HIV-related laboratory testing. Viral 
suppression was defined as VL < 50 copies/ml at the 12 
month postpartum study visit. Women were considered as 
having achieved the primary endpoint if they had both evi-
dence of retention in care and VL < 50 copies/mL [12].

Data Analysis

Data were analysed using STATA V14.2 (Stata Corpora-
tion, College Station, Texas, USA) and R (R Foundation for 
Statistical Computing, Vienna, Austria). To assess modifi-
ers of the intervention effect, we used stratified χ2 analyses 
and regression models including interaction terms. We also 
calculated stratum-specific risk differences (RD) for each 
potential effect modifier using additive binomial models 
and report coefficients with 95% confidence intervals (CI). 
For these analyses of effect modification, we used data from 
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intervention and control was 0.21 [95% CI: 0.12, 0.30]. We 
observed no evidence of effect modification by HIV or treat-
ment knowledge; ART medication beliefs; adherence-self 
efficacy; social support; or patient-provider relationships 
during the antenatal period (Fig.  1; Table  3). In addition, 
depression, psychological distress, and IPV did not modify 
the intervention effect.

However, there was some evidence that the intervention 
was more effective in particular groups of women, although 
not all differences were statistically significant (Fig.  1; 
Table  3). Figure  2 graphically illustrates these interaction 

Modifiers of the Intervention Effect

Psychosocial characteristics relevant to the analyses of 
effect modification are summarised in Table 2. These mea-
sures were administered prior to randomisation. Overall, 
we observed high levels of unintended pregnancy, risky 
alcohol use and IPV; high levels of adherence self-efficacy 
and social support; and low levels of HIV and treatment 
knowledge. No psychosocial characteristics differed appre-
ciably across the intervention versus control group. In the 
overall sample, the RD for the primary outcome between 

Total 
sample 
– Mean 
(SD)

Inter-
vention 
– Mean 
(SD)

Control 
–
Mean 
(SD)

χ2 or z 
statistic1

P-value

Number of participants 411 202 209
Age in years 28.8 (5.5) 28.9 (5.3) 28.7 

(5.6)
0.51 0.611

 N (%) having completed secondary/any tertiary 
education

101 
(25%)

45 (22%) 56 
(27%)

1.13 0.288

 N (%) currently employed 155 
(38%)

79 (39%) 76 
(36%)

0.33 0.566

 N (%) married and/or cohabiting 169 
(41%)

89 (44%) 80 
(38%)

1.42 0.234

 N (%) diagnosed HIV-positive during current 
pregnancy

223 
(54%)

104 
(51%)

119 
(57%)

1.23 0.267

Gestation at entry into antenatal care (weeks) 20.5 (7.6) 19.9 (7.7) 21.1 
(7.5)

-1.70 0.090

Poverty categories – n (%)
  Most disadvantaged 143 (35) 68 (34) 75 (36)
  Moderate disadvantage 137 (33) 76 (38) 61 (29)
  Least disadvantaged 131 (32) 58 (29) 73 (35) 3.58 0.167
 N (%) reporting an unintended pregnancy 291 (71) 145 (72) 146 (70) 0.18 0.668
HIV knowledge score (max = 9; n = 409) 5.8 (1.3) 5.9 (1.3) 5.8 (1.4) 0.50 0.618
HIV treatment knowledge score (max = 8; n = 409) 6.5 (1.2) 6.6 (1.1) 6.4 (1.2) 2.32 0.020
ART medication beliefs score (max = 5; n = 409) 4.0 (0.7) 4.0 (0.7) 4.0 (0.7) 0.14 0.887
Adherence self-efficacy score – 2nd antenatal visit 
(max = 5; n = 407)

4.8 (0.4) 4.8 (0.3) 4.7 (0.4) 2.30 0.021

Adherence self-efficacy score – late 3rd trimester 
(max = 5; n = 405)

4.8 (0.4) 4.8 (0.4) 4.8 (0.4) 0.96 0.336

HIV-related stigma score (max = 5; n = 408) 2.2 (0.8) 2.2 (0.8) 2.2 (0.8) 0.62 0.536
Social support score – 2nd antenatal visit (max = 5; 
n = 409)

4.2 (0.8) 4.2 (0.9) 4.2 (0.8) 0.72 0.472

Social support score – late 3rd trimester (max = 5; 
n = 406)

4.3 (0.8) 4.3 (0.9) 4.3 (0.8) 0.50 0.618

 N (%) scoring above threshold for depression 
(EPDS; n = 409)

41 (10) 16 (8) 25 (12) 1.78 0.182

 N (%) scoring above threshold for psychological 
distress (K-10; n = 409)

26 (6) 9 (5) 17 (8) 2.27 0.132

 N (%) scoring above threshold for risky drinking – 
2nd antenatal visit (AUDIT-C; n = 409)

105 (26) 50 (25) 55 (26) 0.09 0.761

 N (%) scoring above threshold for risky drinking – 
late 3rd trimester (AUDIT-C; n = 406)

38 (9) 19 (10) 19 (9) 0.04 0.848

 N (%) reporting any intimate partner violence – 
2nd antenatal visit (n = 407)

93 (23) 43 (22) 50 (24) 0.41 0.524

 N (%) reporting any intimate partner violence – 
<7 days postpartum (n = 411)

27 (7) 14 (7) 13 (6) 0.08 0.771

Table 2  Baseline demographic 
characteristics and potential 
psychosocial modifiers of the 
intervention effect, by trial arm 
(intervention versus control)

Abbreviations: SD: standard 
deviation; EPDS: Edinburgh 
Postnatal Depression Scale; 
K-10: Kessler-10 scale; AUDIT-
C: Alcohol Use Disorders Iden-
tification Test – Consumption. 
All measures are from the 2nd 
antenatal visit, unless otherwise 
specified. 1 Statistic from χ2 or 
Wilcoxon rank-sum test.
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In addition, the intervention effect differed significantly 
according to two characteristics: pregnancy intention and 
alcohol use. Among women reporting that their pregnancy 
was unintended, 76% of women in the intervention arm 
achieved the trial outcome, versus 49% of those in the con-
trol (RD: 0.27; 95% CI: 0.16, 0.38). In comparison, 79% and 
73% of those reporting that their pregnancy was intended 
and allocated to the intervention and control achieved 
the trial outcome, respectively (RD: 0.06; 95% CI: -0.09, 
0.21; p-value for interaction: 0.025). Finally, women who 
reported risky drinking in the 12 months prior to pregnancy 
recognition were significantly less likely to benefit from the 
intervention. In this group of women, 64% of those in the 
intervention arm and 60% of those in the control achieved 
the trial outcome (RD: 0.04; 95% CI: -0.15, 0.23), compared 
to 81% and 55% among those not reporting risky drinking, 
respectively (RD: 0.26; 95% CI: 0.16, 0.36; p-value for 
interaction: 0.040).

Mediators of the Intervention Effect

No appreciable differences were observed in HIV or treat-
ment knowledge, ART medication beliefs or adherence self-
efficacy between the intervention and control group at study 
measurement visits after randomisation (Table 4). Similarly, 
levels of HIV-related stigma and social support did not differ 

effects by showing the proportion of women allocated to 
the intervention and control who achieved the primary trial 
outcome across groups. First, although not statistically sig-
nificant, the intervention effect was stronger among women 
experiencing higher levels of poverty. Among women expe-
riencing the highest levels of disadvantage, 81% of those in 
the intervention arm achieved the trial outcome, compared 
to 49% of those in the control (RD: 0.31; 95% CI: 0.17, 
0.46). In contrast, 76% and 64% of women experiencing 
moderate levels of disadvantage and allocated to the inter-
vention and control, respectively, achieved the trial outcome 
(RD: 0.12; 95% CI: -0.03, 0.28; p-value for interaction: 
0.077). Among women experiencing the lowest levels of 
disadvantage and allocated to the intervention and control, 
72% and 56% achieved the trial outcome, respectively (RD: 
0.16; 95% CI: 0.001, 0.32; p-value for interaction: 0.170). 
Second, although also not statistically significant, the inter-
vention effect was stronger among women reporting higher 
levels of HIV-related stigma. Among women reporting 
high levels of stigma, 81% of those in the intervention arm 
achieved the trial outcome, versus 53% of those in the con-
trol (RD: 0.29; 95% CI: 0.16, 0.41). In comparison, 72% 
and 59% of women reporting low levels of stigma and allo-
cated to the intervention and control achieved the trial out-
come, respectively (RD: 0.13; 95% CI: 0.01, 0.26; p-value 
for interaction: 0.094).

Fig. 1  Forest plot of primary 
outcome across subgroups of 
psychosocial characteristics mea-
sured prior to randomisation
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intervention effect, the percentage change in the RD for the 
intervention effect was negligible across potential media-
tors, ranging from − 2.1 to 4.3% (Table 4). When examining 
the effect of variables measured after randomisation on the 
primary outcome (combined binary endpoint of retention 
in HIV care and viral suppression), few significant asso-
ciations were observed (Table 5). Women who achieved the 
primary outcome had slightly higher adherence self-efficacy 
and social support scores at 6 months postpartum, but these 
associations were not sustained at 12 months postpartum. 
As reported above, women allocated to the intervention 
reported significantly better relationships with their health-
care providers compared to those allocated to the control, 
but patient-provider relationships were not associated with 
the primary outcome.

Discussion

Using data from the MCH-ART study, which showed that 
integrated maternal and child health care during the post-
partum period significantly increased retention in HIV care 
and viral suppression [12], this analysis examined psycho-
social modifiers and mediators of the intervention effect. 
Here, we found evidence to suggest that the intervention 
was more effective among women experiencing higher lev-
els of poverty, an unintended pregnancy, and higher levels 
of HIV-related stigma, while the intervention was less effec-
tive among women reporting risky drinking. None of the 
psychosocial constructs assessed mediated the association 
between trial arm and the primary outcome. Compared to 
women allocated to the standard of care, women allocated 
to the intervention reported significantly better relationships 
with their healthcare providers through 12 months postpar-
tum, but better patient-provider relationships did not lead to 
improved outcomes.

Taken together, the intervention appeared to be most 
effective among women experiencing added vulnerabil-
ity due to poverty, unintended pregnancy, and HIV-related 
stigma. We have previously demonstrated that unintended 
pregnancy is associated with elevated VL during the post-
partum period [26]. Here, these data suggest that integrated 
care may be more beneficial for women reporting an unin-
tended, compared to an intended, pregnancy. Unintended 
pregnancy is associated with delayed initiation of antenatal 
care [59–61], and consequently ART initiation later in preg-
nancy, and typically occurs in the context of multiple other 
vulnerabilities [62]. Consistent with the findings of this 
analysis, we observed stronger intervention effects among 
women initiating ART later in pregnancy, compared to those 
initiating earlier, as part of the primary trial analysis [12]. 
We hypothesise that the intervention may have provided 

across groups over time. However, we observed a strong 
association between trial arm and postpartum patient-pro-
vider relationships, with women allocated to the interven-
tion reporting significantly better relationships with their 
routine healthcare providers at 6, 9 and 12 months postpar-
tum compared to women allocated to the control (Table 4). 
When each potential mediator was added to a model of the 

Table 3  Intervention effect, stratified by potential effect modifiers
Risk difference P-value 

for inter-
action

[95% confidence 
interval]

Overall intervention effect 0.21 [0.12, 0.30]
Poverty
  Most disadvantaged 0.32 [0.17, 0.46]
  Moderate disadvantage 0.12 [-0.03, 0.28] 0.077
  Least disadvantaged 0.16 [0.001, 0.32]  0.17
Pregnancy intentions
  Intended pregnancy 0.06 [-0.09, 0.21]
  Unintended pregnancy 0.27 [0.17, 0.38] 0.025
HIV knowledge score
  Low 0.24 [0.14, 0.34]
  High 0.15 [-0.02, 0.31] 0.343
HIV treatment knowledge score
  Low 0.15 [0.002, 0.30]
  High 0.24 [0.13, 0.35] 0.342
ART medication beliefs score
  Low 0.20 [0.07, 0.33]
  High 0.21 [0.08, 0.33] 0.948
Adherence self-efficacy score
  Low 0.16 [0.01, 0.31]
  High 0.23 [0.11, 0.34] 0.48
HIV-related stigma score
  Low 0.13 [0.01, 0.26]
  High 0.29 [0.16, 0.42] 0.094
Social support score
  Low 0.19 [0.07, 0.31]
  High 0.23 [0.09, 0.36] 0.688
Patient-provider relationship score
  Low 0.21 [0.08, 0.34]
  High 0.19 [0.06, 0.32] 0.842
Depression (EPDS)
  Below threshold 0.18 [0.09, 0.28]
  Above threshold 0.40 [0.14, 0.65] 0.129
Psychological distress (K-10)
  Below threshold 0.20 [0.10, 0.29]
  Above threshold 0.31 [-0.05, 0.67] 0.561
Risky alcohol use (AUDIT-C)
  Below threshold 0.26 [0.16, 0.36]
  Above threshold 0.04 [-0.15, 0.23] 0.04
Intimate partner violence
  None 0.22 [0.12, 0.31]
  Any 0.12 [-0.08, 0.33] 0.422
Abbreviations: EPDS: Edinburgh Postnatal Depression Scale; K-10: 
Kessler-10 scale; AUDIT-C: Alcohol Use Disorders Identification 
Test – Consumption.
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In this secondary analysis, we observed no single defini-
tive mediator of the intervention effect. We hypothesise 
that the intervention may be effective through a range of 
mechanisms that may operate differently within different 
groups of women, and should be explored in a larger trial. 
For example, integrated MCH services reduce the economic 
burden of attending separate visits and may thus be of most 
benefit to women experiencing higher levels of poverty 
[73]. In addition, we hypothesise that receiving HIV care 
concurrently with infant health care within the MCH clinic 
may lead to less inadvertent disclosure than attending a sep-
arate adult HIV clinic, and thus may be most beneficial to 
women who experience the highest levels of stigma [12]. 
However, care must be taken to avoid inadvertent HIV-sta-
tus disclosure when providing integrated PMTCT and MCH 
services [13]. Although the MCH-ART trial was conducted 
in a single clinic, these findings may be of relevance to all 
contexts where levels of poverty and stigma are high. In this 
study, women allocated to the intervention reported signifi-
cantly better relationships with their healthcare providers. 
Although we did not observe an association between bet-
ter patient-provider relationships and improved engagement 
in care and viral suppression, continuity of care with the 
same provider may have other positive effects. However, 
these effects may not persist after transfer out of integrated 
services to new healthcare providers, and further work is 
needed to support women after the point of transfer [74, 75].

These findings should be considered in light of several 
limitations. They arise from a single antenatal clinic in a 

a foundation for establishing and maintaining ART adher-
ence. Remaining in the integrated service after delivery and 
having additional time during which to establish positive 
ART behaviours may have been more beneficial for women 
who had entered antenatal care later, compared to women 
who had entered care earlier and who had had more time to 
establish these behaviours prior to delivery [12].

Our finding regarding alcohol use is of particular concern. 
In South Africa, alcohol use during pregnancy is a major 
public health problem. High levels of problematic alcohol 
use have been observed among women living both with and 
without HIV in this setting [63–67], and substance use itself 
is a risk factor for poor ART outcomes [19, 24, 67–70]. Nota-
bly, alcohol use modified the intervention effect in this trial, 
with the intervention not associated with retention in HIV 
care and viral suppression among women reporting risky 
drinking in the 12 months prior to pregnancy recognition. 
Given that 26% of women in this study reported risky drink-
ing during this time period, this is a large, high-risk group 
that warrants further attention. Psychological interventions 
have shown some effectiveness in promoting abstinence 
or reducing consumption among pregnant and postpartum 
women [71], and may be effective in reducing alcohol use 
and improving ART adherence among non-pregnant women 
living with HIV in South Africa [72]. Our findings suggest 
that more intensive interventions may be needed in place 
of or in conjunction with integrated HIV care to improve 
ART outcomes among pregnant women reporting a history 
of risky drinking.

Fig. 2  Proportion of women 
allocated to the intervention and 
control achieving the primary 
trial outcome (engagement in 
HIV care and viral suppres-
sion at 12 months postpartum) 
across subgroups of psychosocial 
characteristics measured prior to 
randomisation
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these measures were originally developed several decades 
ago in high-income countries, the constructs assessed and 
items included in these scales are still relevant and appli-
cable to multiple settings. Although we attempted to collect 
patient-level data on direct and indirect costs to measure the 
economic burden of attending clinic visits, these data were 
only available for a subset of participants and it was not pos-
sible to accurately quantify costs at the individual level [73]. 
In addition, true modifiers and mediators of the interven-
tion effect may not have been measured as part of the trial. 
As noted above, all analyses should be considered explor-
atory. The small number of women in some psychosocial 
subgroups led to wide confidence intervals when examining 
potential modifiers of the intervention effect and may have 
reduced our power to detect significant differences, while 
also limiting our ability to examine mechanisms within dif-
ferent subgroups.

peri-urban area of South Africa and only women who were 
initiating ART during pregnancy were enrolled into the 
trial, thus the findings may not be generalisable to all post-
partum women living with HIV. Although all postpartum 
women may benefit from integrated HIV and MCH care, 
only breastfeeding women were enrolled into the trial, thus 
limiting generalisability. Pregnant women were enrolled 
into the trial between March 2013 and April 2014 and were 
followed through January 2016, and changes in PMTCT 
and HIV care since that time may make our findings less 
generalisable to the current context. The psychosocial con-
structs explored were self-reported and are subject to recall 
and social desirability bias, which may be particularly rel-
evant for behaviours such as alcohol use, although we used 
validated scales wherever possible. However, it is plausible 
that we did not observe hypothesised mediators of the inter-
vention effect due to the challenges of measuring complex 
constructs, with the measures administered potentially not 
accurately representing the construct of interest. Although 

Table 4  Potential postpartum mediators of the intervention effect, by trial arm (intervention versus control), and impact of potential mediators on 
the intervention effect

Comparison of mediators by trial arm Impact of mediators on 
intervention effect

Total 
sample 
– Mean 
(SD)

Inter-
vention 
– Mean 
(SD)

Control 
– Mean 
(SD)

z 
statistic1

p-value Risk difference 
[95% CI]

Percent 
change2

Overall intervention effect - - - - - 0.21 [0.12, 0.30] -
HIV knowledge score
  6 weeks (n = 397) 5.9 (1.2) 5.9 (1.3) 5.9 (1.2) -0.68 0.495 0.21 [0.12, 0.30] 0.1%
  9 months (n = 387) 6.1 (1.3) 6.1 (1.3) 6.2 (1.3) -0.70 0.485 0.23 [0.14, 0.32] 0.3%
HIV treatment knowledge score
  6 weeks (n = 397) 7.0 (0.8) 7.0 (0.8) 6.9 (0.8) 0.41 0.682 0.21 [0.12, 0.30] 0.2%
  9 months (n = 387) 7.2 (0.7) 7.2 (0.7) 7.2 (0.7) 0.52 0.603 0.23 [0.14, 0.32] 0.1%
ART medication beliefs score
  6 weeks (n = 397) 4.1 (0.6) 4.0 (0.6) 4.1 (0.6) -0.62 0.535 0.21 [0.12, 0.30] 0.1%
  9 months (n = 386) 4.0 (0.6) 3.9 (0.5) 4.0 (0.6) -1.95 0.052 0.23 [0.14, 0.32] 0.9%
Adherence self-efficacy score
  6 months (n = 394) 4.7 (0.4) 4.7 (0.4) 4.7 (0.4) -0.49 0.628 0.25 [0.16, 0.33] 4.3%
  12 months (n = 383) 4.6 (0.5) 4.7 (0.5) 4.6 (0.6) 1.70 0.090 0.20 [0.10, 0.29] -2.1%
HIV-related stigma score
  6 weeks (n = 397) 2.2 (0.7) 2.2 (0.7) 2.1 (0.7) 1.50 0.135 0.21 [0.12, 0.30] -1.1%
  12 months (n = 392) 2.3 (0.6) 2.3 (0.7) 2.3 (0.6) -0.75 0.454 0.20 [0.11, 0.29] -1.2%
Social support score
  6 months (n = 394) 4.3 (0.8) 4.3 (0.8) 4.3 (0.8) -1.10 0.273 0.24 [0.15, 0.33] 3.3%
  12 months (n = 391) 4.5 (0.7) 4.5 (0.7) 4.5 (0.7) 0.00 0.999 0.20 [0.11, 0.29] 0.4%
Patient-provider relationship score
  6 weeks (n = 397) 3.8 (0.3) 3.8 (0.3) 3.8 (0.3) 0.73 0.466 0.21 [0.12, 0.30] -0.6%
  6 months (n = 393) 3.6 (0.5) 3.7 (0.3) 3.5 (0.5) 4.14 < 0.001 0.24 [0.15, 0.33] 1.8%
  9 months (n = 387) 3.6 (0.5) 3.6 (0.4) 3.5 (0.5) 2.72 0.006 0.23 [0.14, 0.32] 0.2%
  12 months (n = 378) 3.5 (0.5) 3.6 (0.5) 3.4 (0.5) 2.75 0.006 0.22 [0.13, 0.31] 0.1%
Abbreviations: SD: standard deviation; 95% CI: 95% confidence interval; ART: antiretroviral therapy. 1 Statistic from Wilcoxon rank-sum test. 
2 Percentage change in risk difference when each potential mediator is added to the model, where both models are restricted to women with 
data for the potential mediator.
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Total 
sample 
– Mean 
(SD)

Achieved 
primary 
outcome – 
Mean (SD)

Did not achieve 
primary out-
come – Mean 
(SD)

z 
statistic1

p-value

HIV knowledge score
  6 weeks (n = 397) 5.9 (1.2) 5.9 (1.3) 6.0 (1.2) 0.87 0.386
  9 months (n = 387) 6.1 (1.3) 6.1 (1.3) 6.2 (1.3) 1.34 0.181
HIV treatment knowledge score
  6 weeks (n = 397) 7.0 (0.8) 7.0 (0.8) 6.9 (0.8) -0.89 0.374
  9 months (n = 387) 7.2 (0.7) 7.2 (0.7) 7.2 (0.8) 0.24 0.810
ART medication beliefs score
6 weeks (n = 397) 4.1 (0.6) 4.1 (0.6) 4.1 (0.6) 0.09 0.930
  9 months (n = 386) 4.0 (0.6) 3.9 (0.6) 4.0 (0.5) 0.62 0.535
Adherence self-efficacy score
  6 months (n = 394) 4.7 (0.4) 4.8 (0.4) 4.7 (0.5) -1.69 0.092
  12 months (n = 383) 4.6 (0.5) 4.6 (0.5) 4.6 (0.6) -1.56 0.119
HIV-related stigma score
  6 weeks (n = 397) 2.2 (0.7) 2.2 (0.7) 2.1 (0.7) -0.81 0.421
  12 months (n = 392) 2.3 (0.6) 2.3 (0.6) 2.4 (0.7) 1.11 0.266
Social support score
  6 months (n = 394) 4.3 (0.8) 4.4 (0.8) 4.2 (0.8) -2.17 0.030
  12 months (n = 391) 4.5 (0.7) 4.5 (0.7) 4.4 (0.8) -1.05 0.293
Patient-provider relationship score
  6 weeks (n = 397) 3.8 (0.3) 3.8 (0.3) 3.8 (0.3) -0.30 0.767
  6 months (n = 393) 3.6 (0.5) 3.6 (0.5) 3.6 (0.4) -1.19 0.233
  9 months (n = 387) 3.6 (0.5) 3.6 (0.5) 3.6 (0.5) 0.56 0.574
  12 months (n = 378) 3.5 (0.5) 3.5 (0.5) 3.5 (0.5) -0.12 0.904

Table 5  Associations between 
potential postpartum mediators 
and the primary trial outcome 
(engagement in HIV care and 
viral suppression at 12 months 
postpartum)

Abbreviations: SD: standard 
deviation; ART: antiretroviral 
therapy. 1 Statistic from Wil-
coxon rank-sum test.
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