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Abstract Randomized controlled trials conducted in
resource-limited settings have shown that once women with
depressed mood are evaluated by specialists and referred for
treatment, lay health workers can be trained to effectively

administer psychological treatments. We sought to determine
the extent to which community health workers could also be
trained to conduct case finding using short and ultrashort
screening instruments programmed into mobile phones. Preg-
nant, Xhosa-speaking women were recruited independently in
two cross-sectional studies (N=1,144 and N=361) conducted
in Khayelitsha, South Africa and assessed for antenatal de-
pression. In the smaller study, community health workers with
no training in human subject research were trained to admin-
ister the Edinburgh Postnatal Depression Scale (EPDS) during
the routine course of their community-based outreach. We
compared the operating characteristics of four short and ultra-
short versions of the EPDS with the criterion standard of
probable depression, defined as an EPDS-10≥13. The
prevalence of probable depression (475/1144 [42 %] and
165/361 [46 %]) was consistent across both samples. The
2-item subscale demonstrated poor internal consistency
(Cronbach’s α ranged from 0.55 to 0.58). All four sub-
scales demonstrated excellent discrimination, with area
under the receiver operating characteristic curve (AUC)
values ranging from 0.91 to 0.99. Maximal discrimination
was observed for the 7-item depressive symptoms sub-
scale: at the conventional screening threshold of ≥10, it
had 0.97 sensitivity and 0.76 specificity for detecting
probable antenatal depression. The comparability of the
findings across the two studies suggests that it is feasible
to use community health workers to conduct case finding
for antenatal depression.
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Introduction

Depressed mood during pregnancy is highly prevalent,
especially in the context of poverty, intimate partner
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violence, and other significant life stressors (Fisher
et al. 2012; Hung et al. 2012; Tsai 2013). In South
Africa, nearly one-half of women in township settings
have been diagnosed with major depressive disorder
during the antenatal and postnatal periods (Cooper
et al. 1999; Dewing et al. 2013; Rochat et al. 2011;
Tsai and Tomlinson 2012). The public health impacts of
major depressive disorder are compounded by its inter-
generational effects: newborn children of mothers with
depression have poorer health and socioemotional devel-
opment (Rahman et al. 2004; Straub et al. 2012;
Weissman et al. 2006), and these in turn have adverse
implications for their long-term psychosocial, cognitive,
and economic outcomes (Heckman 2007; Pearson et al.
2013; Venkataramani 2012). Yet, the importance of ma-
jor depressive disorder as a significant public health
issue is not matched by appropriate resource allocation
in many sub-Saharan African countries (Saxena et al.
2007; Tomlinson and Lund 2012).

Depressive disorders are often underdiagnosed by
providers in general (Evins et al. 2000; Fergerson
et al. 2002; Lyell et al. 2012), and in South Africa,
much of postnatal care is focused primarily on the
health of the newborn (with little attention paid to
maternal well-being following delivery) (Beksinska
et al. 2006). Because perinatal depression is treatable
(Sockol et al. 2011), its underdiagnosis represents a
major missed public health opportunity. Moreover, sev-
eral high-quality randomized controlled trials conducted
in resource-limited settings have shown that psycholog-
ical treatments can be effectively administered by
nonspecialist, lay health workers to address depressed
mood among women during the perinatal period (Baker-
Henningham et al. 2005; Clarke et al. 2013; Cooper
et al. 2009; Rahman et al. 2008). Accurate screening
for, and subsequent diagnosis of, perinatal depression
will be an essential component of any strategy to funnel
patients to appropriate treatments at scale. Short and
ultrashort screening instruments—defined as having 5–
14 items and <5 items, respectively (Mitchell and
Coyne 2007)—for perinatal depression have been stud-
ied and validated in several sub-Saharan African coun-
tries (Tsai et al. 2013). Given their brevity, it is possible
that these screening instruments may be efficiently

incorporated into the routine workflow of overburdened
health care workers.

Mobile phone-based technologies, also referred to
collectively as “mHealth,” have been proposed as a
potential expedient for leveraging limited human re-
sources for health (Derenzi et al. 2011; van Heerden
et al. 2012). With few exceptions, however, the evi-
dence base supporting their efficacy and effectiveness
has lagged behind the overall enthusiasm for their im-
plementation and scale-up (Tomlinson et al. 2013c). To
address these gaps in the literature, we analyzed data
f rom two studies independent ly conducted in
Khayelitsha, South Africa to determine the reliability
and criterion-related validity of four short and ultrashort
versions of the 10-item Edinburgh Postnatal Depression
Scale (EPDS-10) (Cox et al. 1987) in case finding for
antenatal depression among high-risk women. In the
second, smaller study, community health workers with
no training in human subjects research were trained to
administer the EPDS programmed into mobile phones
during the routine course of their community-based out-
reach. We then compared the findings from the two
studies to determine whether the data collected by the
community health workers were comparable to the data
collected by research assistants who had formal human
subjects training.

Materials and methods

Study population

The two studies were conducted in different areas of
Khayelitsha, a socioeconomically deprived informal set-
tlement on the outskirts of Cape Town, South Africa
(Nleya and Thompson 2009). Khayelitsha is one of the
largest such settlements in South Africa, with a popula-
tion exceeding one million residents (Brunn and Wilson
2013) who are primarily Xhosa-speaking, black Africans
living in informal housing (i.e., shacks) on unserviced
land. Unemployment, food insecurity, and subsistence-
level poverty rates are extremely high (BeLue et al.
2008; Cooper et al. 1991; Dewing et al. 2013;
Muzigaba and Puoane 2011; Pick and Obermeyer
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1996; Venkataramani et al. 2010). Khayelitsha leads all
subdistricts of Cape Town in age-standardized mortality,
with the leading causes being HIV/AIDS, homicide, and
tuberculosis (Groenewald et al. 2010).

Study 1

These data were collected from May 13, 2009 to
September 29, 2010 in 24 noncontiguous neighborhoods
of Khayelitsha and represented the baseline sample of
pregnant women older than 18 years of age who were
participating in a cluster-randomized trial. The trial was
designed to test the effectiveness of an enhanced ver-
sion of a child health and nutrition program operated by
the Philani Child Health and Nutrition Project (le Roux
et al. 2013; Rotheram-Borus et al. 2011), a community-
based nongovernmental organization that has been based
in Khayelitsha for more than three decades (Austin and
Mbewu 2009; le Roux and le Roux 1991). As part of
Philani’s standard operating procedures, its community
health workers conduct routine community-based out-
reach in 100 neighborhoods, identifying all pregnant
women and inviting them to take part in their ongoing
child health and nutrition program. For the cluster-
randomized trial, investigators identified 40 neighbor-
hoods in which Philani did not already have operations
in place and then selected 12 matched pairs based on
prespecified neighborhood characteristics such as the
presence of alcohol bars and type of housing predomi-
nant in the area. Local women recruited study partici-
pants from within these neighborhoods by going door-
to-door to identify pregnant women. All participants
provided written informed consent. Ethical approval for
study procedures was granted by the Office of the
Human Research Protection Program, University of Cal-
ifornia at Los Angeles; and the Health Research Ethics
Committee, Faculty of Health Sciences, Stellenbosch
University.

Study 2

From May 1, 2010 through February 18, 2011, we
recruited consecutive pregnant women older than
18 years of age and who were able to provide informed

consent, from seven neighborhoods of Khayelitsha:
Enkanini, Greenpoint, Kuyasa, Makhaza, Site B, Site
C, and Town Two. These neighborhoods did not overlap
geographically with the neighborhoods where study 1
was conducted: the closest two neighborhoods of studies
1 and 2 are located approximately 2 km apart, while the
farthest two neighborhoods of studies 1 and 2 are ap-
proximately 8 km apart. To be eligible, women had to
be initiating enrollment in the Philani program. At the
time of their enrollment into the Philani program, we
invited women to also participate in our perinatal de-
pression screening study. All participants provided writ-
ten informed consent. Ethical approval for study proce-
dures was granted by the Health Research Ethics Com-
mittee, Faculty of Health Sciences, Stellenbosch Univer-
sity; the Committee on Human Research, University of
California at San Francisco; and the Office of Human
Research Administration, Harvard School of Public
Health.

Measures

In both studies, the Xhosa version of the EPDS-10 was
administered using survey software programmed into a
mobile phone (Tomlinson et al. 2009b; Tomlinson et al.
2013b). Among Xhosa-speaking women, several studies
have supported the construct validity, criterion-related
validity, and factor structure of the EPDS-10 (De
Bruin et al. 2004; Hartley et al. 2011; Lawrie et al.
1998), and it has also been shown to have a high
sensitivity for detecting postnatal depression in numer-
ous other settings worldwide (Tsai et al. 2013). Similar
to Kabir et al. (2008) and Rochat et al. (2013), we
defined four short and ultrashort versions of the
EPDS-10: the 2-item analogue of the Patient Health
Questionnaire (EPDS-2) (Lowe et al. 2005; Monahan
et al. 2009), the 3-item anxiety subscale (EPDS-3), an
abbreviated 5-item version of the depressive symptoms sub-
scale (EPDS-5) (Rochat et al. 2013), and the 7-item depressive
symptoms subscale (EPDS-7) (Box 1). Following previous
studies in this population, we employed a cutoff score of
EPDS-10≥13 to define the criterion standard of probable
antenatal depression (Honikman et al. 2012; Rochat et al.
2006; Tomlinson et al. 2013a).
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In study 1, the EPDS was administered by trained research
assistants who were hired independently of Philani. The train-
ing curriculum included ethics and human subjects training,
mock structured interviews with real-time feedback, and cer-
tification based on observed interviews conducted away from
the study site (Tomlinson et al. 2013a). In study 2, the Philani
community health workers were trained to use the mobile
phones for administering the EPDS during the routine course
of their community-based outreach and wellness work. They
underwent a detailed training curriculum to learn how to

implement the Philani intervention package (le Roux et al.
2010; le Roux et al. 2011) but did not receive any other
training in data collection or other aspects of human subject
research.

Statistical analysis

To estimate the internal consistency of the EPDS-10 and the
short and ultrashort subscales, we calculated the Cronbach’sα
coefficient and its one-sided 95 % confidence interval (Feldt

I have been able to laugh and see the funny side 
of things.

As much as I always could [0] / Not quite so 
much now [1] / Definitely not so much now [2] / 
Not at all [3] 

I have looked forward with enjoyment to things.

As much as I ever did [0] / Rather less than I 
used to [1] / Definitely less than I used to [2] / 
Hardly at all [3] 

I have blamed myself unnecessarily when things 
went wrong.

Yes, most of the time [3] / Yes, some of the time 
[2] / Not very often [1] / No, never [0] 

I have been anxious or worried for no good 
reason.

No, not at all [0] / Hardly ever [1] / Yes, 
sometimes [2] / Yes, very often [3] 

I have felt scared or panicky for not very good 
reason.

much [1] / No, not at all [0] 

Things have been getting on top of me.

at all [3] / Yes, sometimes I haven't been coping 
as well as usual [2] / No, most of the time I have 
coped quite well [1] / No, I have been coping as 
well as ever [0] 

I have been so unhappy that I have had difficulty 
sleeping.

Yes, most of the time [3] / Yes, sometimes [2] / 
Not very often [1] / No, not at all [0] 

I have felt sad or miserable.

Yes, quite a lot [3] / Yes, sometimes [2] / 
Not very often [1] / No, not at all [0] 

I have been so unhappy that I have been crying.

Yes, quite a lot [3] / Yes, quite often [2] / 
Only occasionally [1] / No, never [0] 

The thought of harming myself has occurred to 
me.

Yes, quite often [3] / Sometimes [2] / Hardly ever 
[1] / Never [0] 

2-SDPE3-SDPE5-SDPE7-SDPE

Yes, quite a lot [3] / Yes, sometimes [2] / No, not  Yes, quite a lot I haven't been able to cope 

Box 1. The Edinburgh Postnatal Depression Scale and its short and ultra-short versions

Now I have some questions to ask about your feelings over the last week. Please state the
answer which comes closest to how you have felt in the past 7 days, not just how you feel
today.
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1965; Kristof 1963). The Pearson correlation coefficient was
used to estimate the correlations between the short and ultra-
short subscales and the full EPDS-10. Using the conventional
screening cutoff score of ≥10 for the 3-, 5-, and 7-item
subscales (Cox et al. 1987; Kabir et al. 2008) and a
cutoff score of ≥3 for the 2-item subscale (Kabir et al.
2008), we compared their operating characteristics with
the criterion standard of probable antenatal depression,
calculating sensitivity, specificity, and likelihood ratios
using standard formulas. We then generated the receiv-
ing operating characteristic (ROC) curves (Hanley and
McNeil 1982), calculating the area under the ROC
curve (AUC) using the trapezoidal rule and comparing
AUC values using the algorithm suggested by DeLong
et al. (1988). All analyses were conducted using the
Stata statistical software package (version 12.1, College
Station, Tex.).

Results

Study 1 consisted of 1,144 women, while study 2 consisted of
361 women. Participants in both studies had a similar
sociodemographic profile (Table 1). The mean age was
26 years, and about one-third of participants were married.
About one-half of participants lived in informal housing and

did not have access to a flush toilet. Few participants were
employed. In study 1, the mean age of gestation was 26 weeks
(range, 3–40 weeks). Gestational ages were not obtained in
study 2.

In the research data collected by trained research assistants
(study 1), 475 (42 %) women were assessed as having prob-
able antenatal depression. Pearson coefficients for the corre-
lation between the short and ultrashort subscales and the full
EPDS-10 ranged from 0.85 to 0.98. The EPDS-2 showed poor
internal consistency, but the Cronbach’s α values for the other
subscales ranged from 0.72 to 0.83 (Table 2). All of the
subscales showed excellent discrimination. The EPDS-7 had
the highest AUC value (0.99) compared to the other short and
ultrashort subscales (AUC values ranged from 0.92 to 0.97; P
values for tests of equality all <0.001) (Fig. 1). At the con-
ventional screening cutoff score of ≥10, the EPDS-7 had a
sensitivity of 0.99 and specificity of 0.85 for detecting prob-
able antenatal depression. The EPDS-7 at ≥10 had the highest
sensitivity of the four shortened subscales, while the EPDS-
3 at ≥10 had the lowest specificity.

In the community health worker-administered survey
(study 2), 165 (46 %) women were assessed as having prob-
able antenatal depression. The estimated correlations (be-
tween the short and ultrashort subscales and the full EPDS-
10), internal consistency values, and operating characteristics
obtained in study 2 (Table 3) were qualitatively similar to
those estimated in study 1. All subscales showed excellent
discrimination, with the AUC value highest for the EPDS-7.
As in study 2, the EPDS-7 at ≥10 had the highest sensitivity of
the four shortened subscales, while the EPDS-3 at ≥10 had the
lowest specificity.

Discussion and conclusion

In two independently conducted cross-sectional studies of
1,505 pregnant, Xhosa-speaking women living in a peri-
urban area near Cape Town, South Africa, we demonstrated
that the prevalence of probable antenatal depression was

Table 1 Summary statistics

Characteristic Study 1
(N=1,144)

Study 2
(N=361)

Age, years (mean, range) 26 (18–42) 26 (18–43)

Gestational age, weeks (mean, range) 26 (3–40) †

Married 402 (35 %) 123 (34 %)

Employed 173 (15 %) 49 (14 %)

Informal housing 733 (64 %) 211 (58 %)

House has flush toilet 618 (54 %) 199 (55 %)

Household size (mean, range) 4 (0–11) 4 (1–13)

†Not obtained

Table 2 Sensitivity and specificity of antenatal screening for detecting probable antenatal depression in study 1 (N=1,144)

EPDS-2 EPDS-3 EPDS-5 EPDS-7

Cronbach’s α (95 % confidence interval) 0.55 (0.50–0.55) 0.72 (0.70–0.72) 0.80 (0.79–0.80) 0.83 (0.82–0.83)

Correlation with EPDS-10 0.85 (0.84–0.87) 0.87 (0.86–0.89) 0.94 (0.94–0.95) 0.98 (0.97–0.98)

Area under the receiver operating characteristics curve (AUC) 0.92 (0.90–0.93) 0.93 (0.92–0.95) 0.97 (0.97–0.98) 0.99 (0.98–0.99)

Threshold value ≥3 ≥10 ≥10 ≥10
Sensitivity 0.79 0.97 0.97 0.99

Specificity 0.89 0.64 0.82 0.85

Positive likelihood ratio 7.1 2.7 5.5 6.5
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exceedingly high, matching the rates estimated in other stud-
ies conducted throughout South Africa (Tsai and Tomlinson
2012). We also found that four short and ultrashort versions of
the EPDS had excellent discrimination for detecting probable
antenatal depression. Irrespective of whether the data were
collected by research assistants or by community health
workers, the sociodemographic profiles and estimates of reli-
ability and validity were qualitatively similar across the two
studies. Our findings have important programmatic implica-
tions for mHealth interventions and leveraging existing hu-
man resources to improve maternal mental health and child
health in resource-limited settings.

Our primary finding that all four short and ultrashort ver-
sions of the EPDS had excellent discrimination shows some
similarities and differences with previously published studies.
In the first of these studies, which was conducted among
young women in the USA, the EPDS-3 had 0.95 sensitivity
and 0.80 specificity for detecting probable postnatal depres-
sion, while the EPDS-7 had 0.59 sensitivity and 1.0 specificity
(Kabir et al. 2008). Rochat et al. (2013) used a structured
clinical interview to determine the reference criterion of a
major depressive episode among 109 young Zulu-speaking
South African women (Rochat et al. 2011). In their ROC

analysis, the 3-, 5-, and 7-item versions of the EPDS per-
formed similarly, with sensitivities ranging between 0.61 and
0.65 and specificities ranging from 0.86 to 0.90. Our study
found that all four short and ultrashort versions of the EPDS
had excellent discrimination, but as with Kabir et al. (2008),
our reference criterion was not ascertained using a structured
clinical interview.

A second extension of our study compared to prior work is
that we demonstrated the feasibility of using community
health workers, who had no previous research training, to
conduct case finding for antenatal depression using short
and ultrashort screening instruments programmed into mobile
phones. A side-by-side comparison of data from our two
independently conducted studies suggests no substantive dif-
ferences in the estimated operating characteristics of the
screening instruments. This is an important but heretofore
unresolved question of public health significance given the
increasing emphasis placed on task shifting (to nonspecialist,
lay health workers) in the global mental health agenda (Becker
and Kleinman 2013; Kagee et al. 2013; Ngo et al. 2013;
Rahman et al. 2013; Tomlinson et al. 2009a). Community
health workers are often burdened by heavy workloads, and
this contributes to high turnover and low job satisfaction
(Alamo et al. 2012; Jaskiewicz and Tulenko 2012). If they
are to take on the additional tasks of screening and referral, the
burden of these additional duties should be minimized.

Although our analysis suggests that incorporating
community-based screening into the overall workflow of a
stepped care program (e.g., such as that described by
Honikman et al. (2012)) could potentially be feasible, two
substantive limitations suggest that broad application of our
findings would be premature. First, as noted above, similar to
the study by Kabir et al. (2008), our two studies employed a
reference criterion of probable antenatal depression. The high
prevalence of probable antenatal depression documented in
our study should be interrogated in future studies using the
gold standard reference criterion of major depressive disorder
determined by structured clinical interview. If all cases of
probable antenatal depression were to be referred for subse-
quent diagnosis and treatment, the number of false positives
could easily overwhelm the country’s capacity for outpatient
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Fig. 1 Sensitivity and specificity of four short and ultrashort versions of
the Edinburgh Postnatal Depression Scale for detecting probable antena-
tal depression (study 1, N=1,144)

Table 3 Sensitivity and specificity of antenatal screening for detecting probable antenatal depression in study 2 (N=361)

EPDS-2 EPDS-3 EPDS-5 EPDS-7

Cronbach’s α (95 % confidence interval) 0.58 (0.50–0.58) 0.77 (0.74–0.77) 0.79 (0.76–0.79) 0.83 (0.81–0.83)

Correlation with EPDS-10 0.86 (0.82–0.88) 0.87 (0.85–0.90) 0.94 (0.93–0.95) 0.97 (0.97–0.98)

Area under the receiver operating characteristics curve (AUC) 0.91 (0.88–0.94) 0.92 (0.89–0.95) 0.96 (0.94–0.98) 0.98 (0.96–0.99)

Threshold value ≥3 ≥10 ≥10 ≥10
Sensitivity 0.81 0.96 0.93 0.97

Specificity 0.91 0.68 0.87 0.76

Positive likelihood ratio 8.9 3.0 7.3 4.1
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mental health care delivery (Kagee et al. 2013; Lund et al.
2012; Petersen and Lund 2011). However, it is also notable
that, although determinations based on the conventional
EPDS-10 threshold of ≥13 are commonly assumed to result
in over-diagnosis, this has actually not been found to be the
case in IsiZulu-speaking South African women. In a study
conducted among pregnant women in rural KwaZulu-Natal,
the prevalence of major depressive disorder as determined by
structured clinical interview (47 %) closely matched the prev-
alence of probable depression as determined using the EPDS-
10 (44 %) (Rochat et al. 2011; Rochat et al. 2013).

A second potential limitation is that our findings apply
solely to depression during the antenatal period. On average,
participants were recruited into study 1 during the early third
trimester. Gestational ages were not obtained in study 2, but
given the similar sociodemographic characteristics of the
samples, we expect that these participants would have had a
similar gestational profile as that of the participants in study 1.
Several US and European studies have found that a large
proportion of women present with elevated symptoms of
depression during pregnancy but experience substantial atten-
uation of symptoms after delivery (Christensen et al. 2011;
Mora et al. 2009; Schmidt et al. 2006; Seto et al. 2005; Sutter-
Dallay et al. 2012). If a similar phenomenon were observed in
our cohort, this could potentially reduce the utility of antenatal
screening for postnatal depression. Numerous studies of ante-
natal (or immediate-postnatal) screening for postnatal depres-
sion have been conducted in the USA and Europe, but in
general, the instruments employed have been found to have
relatively poor predictive power (Austin and Lumley 2003).
With the exception of one cohort study from South Africa, we
are unaware of any other such studies that have been conduct-
ed in resource-limited settings (Hung et al. 2014). This is a
large gap in the literature given the frequent losses to follow-
up from care during the first few postnatal weeks and the
generally limited attention paid to the mother’s well-being
following delivery (Beksinska et al. 2006).

In summary, we found that short and ultrashort Xhosa
versions of the EPDS have excellent discrimination for de-
tecting probable antenatal depression among women in
Khayelitsha, South Africa, where the prevalence of antenatal
depression is exceedingly high. The estimated operating char-
acteristics based on data collected by community health
workers using mobile phones during routine antenatal well-
ness care were comparable to those based on data collected by
trained research assistants. Community-based depression
screening in South Africa could potentially improve the emo-
tional wellbeing of high-risk women and the health of their
children, but before it is implemented widely, our findings
should be replicated using a more robust reference criterion.

Acknowledgments Study 1 was funded by the US National Institutes
of Health (NIH) R01AA017104 and supported by NIH P30MH058107,

NIH P30AI028697, and NIH UL1TR000124. Study 2 was funded by the
Medical Research Council of South Africa and NIH R25MH060482.MT
acknowledges the support of the National Research Foundation (South
Africa) and the Department for International Development (DfID-UK).
ACT also acknowledges salary support from NIH K23MH096620 and
the Robert Wood Johnson Health and Society Scholars Program. We
thank Mary J. O’Connor, Carol M. Worthman, Nokwanele Mbweu,
Jacqueline Stewart, Mary Hartley, Dallas Swendeman, W. Scott
Comulada, and Robert E. Weiss for their contributions to the design
and implementation of study 1 and Novakuye Sijeku and the Philani
outreach workers for data collection in study 2.

Declaration of interest None

References

Alamo S,Wabwire-Mangen F, Kenneth E, Sunday P, LagaM et al (2012)
Task-shifting to community health workers: evaluation of the per-
formance of a peer-led model in an antiretroviral program in
Uganda. AIDS Pat Care STDs 26:101–107

Austin MP, Lumley J (2003) Antenatal screening for postnatal depres-
sion: a systematic review. Acta Psychiatr Scand 107:10–17

Austin SA, Mbewu N (2009) Philani program: a case study of an
integrative approach of empowerment and social and economic
development. Soc Work Public Health 24:148–160

Baker-Henningham H, Powell C, Walker S, Grantham-McGregor S
(2005) The effect of early stimulation on maternal depression: a
cluster randomised controlled trial. Arch Dis Child 90:1230–1234

Becker AE, Kleinman A (2013) Mental health and the global agenda. N
Engl J Med 369:66–73

Beksinska M, Mullick S, Kunene B (2006) Maternal care: antenatal, peri
and postnatal. In: Ijumba P, Padarath A (eds) South African health
review 2006. Health Systems Trust, Durban, pp 297–314

BeLue R, Schreiner AS, Taylor-Richardson K, Murray-Kolb LE, Beard
JL (2008) What matters most: an investigation of predictors of
perceived stress among young mothers in Khayelitsha. Health
Care Women Int 29:638–648

Brunn SD, Wilson MW (2013) Cape Town's million plus black township
of Khayelitsha: terrae incognitae and the geographies and cartogra-
phies of silence. Habitat Int 39:284–294

Christensen AL, Stuart EA, Perry DF, Le HN (2011) Unintended preg-
nancy and perinatal depression trajectories in low-income, high-risk
Hispanic immigrants. Prev Sci 12:289–299

Clarke K, King M, Prost A (2013) Psychosocial interventions for perina-
tal common mental disorders delivered by providers who are not
mental health specialists in low- and middle-income countries: a
systematic review and meta-analysis. PLoS Med 10:e1001541

Cooper D, Pick WM, Myers JE, Hoffman MN, Sayed AR et al (1991)
Urbanisation and women's health in Khayelitsha. Part I.
Demographic and socio-economic profile. S Afr Med J 79:423–427

Cooper PJ, Tomlinson M, Swartz L, Woolgar M, Murray L et al (1999)
Post-partum depression and the mother-infant relationship in a
South African peri-urban settlement. Br J Psychiatry 175:554–558

Cooper PJ, Tomlinson M, Swartz L, LandmanM,Molteno C et al (2009)
Improving quality of mother-infant relationship and infant attach-
ment in socioeconomically deprived community in South Africa:
randomised controlled trial. BMJ 338:b974

Cox JL, Holden JM, Sagovsky R (1987) Detection of postnatal depres-
sion. Development of the 10-item Edinburgh Postnatal Depression
Scale. Br J Psychiatry 150:782–786

De Bruin GP, Swartz L, TomlinsonM, Cooper PJ, Molteno C (2004) The
factor structure of the Edinburgh Postnatal Depression scale in a
South African peri-urban settlement. S Afr J Psychol 34:113–121

Antenatal depression case finding by community health workers 429



DeLong ER, DeLong DM, Clarke-Pearson DL (1988) Comparing the
areas under two or more correlated receiver operating characteristic
curves: a nonparametric approach. Biometrics 44:837–845

Derenzi B, Borriello G, Jackson J, Kumar VS, Parikh TS et al (2011)
Mobile phone tools for field-based health care workers in low-
income countries. Mt Sinai J Med 78:406–418

Dewing S, Tomlinson M, le Roux IM, Chopra M, Tsai AC (2013) Food
insecurity and its association with co-occurring postnatal depres-
sion, hazardous drinking, and suicidality among women in peri-
urban South Africa. J Affect Disord 150:460–465

Evins GG, Theofrastous JP, Galvin SL (2000) Postpartum depression: a
comparison of screening and routine clinical evaluation. Am J
Obstet Gynecol 182:1080–1082

Feldt LS (1965) The approximate sampling distribution of Kuder-
Richardson reliability coefficient twenty. Psychometrika 30:357–
370

Fergerson SS, Jamieson DJ, Lindsay M (2002) Diagnosing postpartum
depression: can we do better? Am J Obstet Gynecol 186:899–902

Fisher J, Cabral de Mello M, Patel V, Rahman A, Tran T et al (2012)
Prevalence and determinants of common perinatal mental disorders
in women in low- and lower-middle-income countries: a systematic
review. Bull World Health Organ 90:139G–149G

Groenewald P, Bradshaw D, Daniels J, Zinyakatira N, Matzopoulos R
et al (2010) Local-level mortality surveillance in resource-limited
settings: a case study of Cape Town highlights disparities in health.
Bull World Health Organ 88:444–451

Hanley JA, McNeil BJ (1982) The meaning and use of the area under a
receiver operating characteristic (ROC) curve. Radiology 143:29–
36

Hartley M, Tomlinson M, Greco E, ComuladaWS, Stewart J et al (2011)
Depressed mood in pregnancy: prevalence and correlates in two
Cape Town peri-urban settlements. Reprod Health 8:9

Heckman JJ (2007) The economics, technology, and neuroscience of
human capability formation. Proc Natl Acad Sci U S A 104:
13250–13255

Honikman S, van Heyningen T, Field S, Baron E, Tomlinson M (2012)
Stepped care for maternal mental health: a case study of the Perinatal
Mental Health Project in South Africa. PLoS Med 9:e1001222

Hung KJ, Scott J, Ricciotti HA, Johnson TR, Tsai AC (2012)
Community-level and individual-level influences of intimate partner
violence on birth spacing in sub-Saharan Africa. Obstet Gynecol
119:975–982

Hung KJ, Tomlinson M, le Roux IM, Dewing S, Chopra M et al (2014)
Community-based antepartum screening for postpartum depression
in a South African township. Int J Gynaecol Obstet (in press)

Jaskiewicz W, Tulenko K (2012) Increasing community health worker
productivity and effectiveness: a review of the influence of the work
environment. Hum Resour Health 10:38

Kabir K, Sheeder J, Kelly LS (2008) Identifying postpartum depression:
are 3 questions as good as 10? Pediatrics 122:e696–e702

Kagee A, Tsai AC, Lund C, Tomlinson M (2013) Screening for common
mental disorders: reasons for caution and a way forward. Int Health
5:11–14

Kristof W (1963) The statistical theory of stepped-up reliability coeffi-
cients when a test has been divided into several equivalent parts.
Psychometrika 28:221–238

Lawrie TA, Hofmeyr GJ, de Jager M, Berk M (1998) Validation of the
Edinburgh Postnatal Depression Scale on a cohort of South African
women. S Afr Med J 88:1340–1344

le Roux IM, le Roux PJ (1991) Survey of the health and nutrition
status of a squatter community in Khayelitsha. S Afr Med J
79:500–503

le Roux IM, le Roux K, Comulada WS, Greco EM, Desmond KA et al
(2010) Home visits by neighborhoodMentor Mothers provide time-
ly recovery from childhood malnutrition in South Africa: results
from a randomized controlled trial. Nutr J 9:56

le Roux IM, le Roux K, Mbeutu K, Comulada WS, Desmond KA et al
(2011) A randomized controlled trial of home visits by neighbor-
hood mentor mothers to improve children's nutrition in South
Africa. Vulnerable Child Youth Stud 6:91–102

le Roux IM, Tomlinson M, Harwood JM, O'Connor MJ, Worthman CM
et al (2013) Outcomes of home visits for pregnant township mothers
and their infants in South Africa: a cluster randomised controlled
trial. AIDS 27:1461–1471

Lowe B, Kroenke K, Grafe K (2005) Detecting and monitoring depres-
sion with a two-item questionnaire (PHQ-2). J Psychosom Res 58:
163–171

Lund C, Petersen I, Kleintjes S, Bhana A (2012)Mental health services in
South Africa: taking stock. Afr J Psychiatry (Johannesbg) 15:402–
405

Lyell DJ, Chambers AS, Steidtmann D, Tsai E, Caughey AB et al (2012)
Antenatal identification of major depressive disorder: a cohort study.
Am J Obstet Gynecol 207(506):e1–e6

Mitchell AJ, Coyne JC (2007) Do ultra-short screening instruments
accurately detect depression in primary care? A pooled analysis
and meta-analysis of 22 studies. Br J Gen Pract 57:144–151

Monahan PO, Shacham E, Reece M, Kroenke K, Ong'or WO et al (2009)
Validity/reliability of PHQ-9 and PHQ-2 depression scales among
adults living with HIV/AIDS in western Kenya. J Gen Intern Med
24:189–197

Mora PA, Bennett IM, Elo IT, Mathew L, Coyne JC et al (2009) Distinct
trajectories of perinatal depressive symptomatology: evidence from
growth mixture modeling. Am J Epidemiol 169:24–32

Muzigaba M, Puoane T (2011) Perceived and actual cost of healthier
foods versus their less healthy alternatives: a case study in a pre-
dominantly black urban township in South Africa. East Afr J Public
Health 8:278–285

Ngo VK, Rubinstein A, Ganju V, Kanellis P, Loza N et al (2013) Grand
challenges: integrating mental health care into the non-
communicable disease agenda. PLoS Med 10:e1001443

Nleya N, Thompson L (2009) Survey methodology in violence-prone
Khayelitsha, Cape Town, South Africa. IDS Bull 40:50–57

Pearson RM, Evans J, Kounali D, Lewis G, Heron J et al (2013) Maternal
depression during pregnancy and the postnatal period: risks and
possible mechanisms for offspring depression at age 18 years.
JAMA Psychiatry 70:1312–1319

Petersen I, Lund C (2011) Mental health service delivery in South Africa
from 2000 to 2010: one step forward, one step back. S Afr Med J
101:751–757

Pick WM, Obermeyer CM (1996) Urbanisation, household composition
and the reproductive health of women in a South African city. Soc
Sci Med 43:1431–1441

Rahman A, Iqbal Z, Bunn J, Lovel H, Harrington R (2004) Impact of
maternal depression on infant nutritional status and illness: a cohort
study. Arch Gen Psychiatry 61:946–952

Rahman A, Malik A, Sikander S, Roberts C, Creed F (2008) Cognitive
behaviour therapy-based intervention by community health workers
for mothers with depression and their infants in rural Pakistan: a
cluster-randomised controlled trial. Lancet 372:902–909

Rahman A, Surkan PJ, Cayetano CE, Rwagatare P, Dickson KE (2013)
Grand challenges: integrating maternal mental health into maternal
and child health programmes. PLoS Med 10:e1001442

Rochat TJ, Richter LM, Doll HA, Buthelezi NP, Tomkins A et al (2006)
Depression among pregnant rural South African women undergoing
HIV testing. JAMA 295:1376–1378

Rochat TJ, Tomlinson M, Barnighausen T, Newell ML, Stein A (2011)
The prevalence and clinical presentation of antenatal depression in
rural South Africa. J Affect Disord 135:362–373

Rochat TJ, Tomlinson M, Newell ML, Stein A (2013) Detection of
antenatal depression in rural HIV-affected populations with short
and ultrashort versions of the Edinburgh Postnatal Depression Scale
(EPDS). Arch Womens Ment Health 16:401–410

430 A.C. Tsai et al.



Rotheram-Borus MJ, le Roux IM, Tomlinson M, Mbewu N, Comulada
WS et al (2011) Philani Plus (+): a Mentor Mother community
health worker home visiting program to improve maternal and
infants' outcomes. Prev Sci 12:372–388

Saxena S, Thornicroft G, Knapp M, Whiteford H (2007) Resources for
mental health: scarcity, inequity, and inefficiency. Lancet 370:878–
889

Schmidt RM, Wiemann CM, Rickert VI, Smith EO (2006) Moderate to
severe depressive symptoms among adolescent mothers followed
four years postpartum. J Adolesc Health 38:712–718

Seto M, Cornelius MD, Goldschmidt L, Morimoto K, Day NL (2005)
Long-term effects of chronic depressive symptoms among low-
income childrearing mothers. Matern Child Health J 9:263–271

Sockol LE, Epperson CN, Barber JP (2011) A meta-analysis of treat-
ments for perinatal depression. Clin Psychol Rev 31:839–849

Straub H, Adams M, Kim JJ, Silver RK (2012) Antenatal depressive
symptoms increase the likelihood of preterm birth. Am J Obstet
Gynecol 207(329):e321–e324

Sutter-Dallay AL, Cosnefroy O, Glatigny-Dallay E, Verdoux H, Rascle N
(2012) Evolution of perinatal depressive symptoms from pregnancy
to two years postpartum in a low-risk sample: the MATQUID
cohort. J Affect Disord 139:23–29

Tomlinson M, Lund C (2012) Why does mental health not get the
attention it deserves? An application of the Shiffman and Smith
framework. PLoS Med 9:e1001178

TomlinsonM, Rudan I, Saxena S, Swartz L, Tsai AC et al (2009a) Setting
priorities for global mental health research. BullWorldHealthOrgan
87:438–446

Tomlinson M, Solomon W, Singh Y, Doherty T, Chopra M et al (2009b)
The use of mobile phones as a data collection tool: a report from a
household survey in South Africa. BMC Med Inf Decis Mak 9:51

Tomlinson M, O'Connor MJ, le Roux IM, Stewart J, Mbewu N et al
(2013a) Multiple risk factors during pregnancy in South Africa: the
need for a horizontal approach to perinatal care. Prev Sci. doi:10.
1007/s11121-013-0376-8

Tomlinson M, Rotheram-Borus MJ, Doherty T, Swendeman D, Tsai AC
et al (2013b) Value of a mobile information system to improve
quality of care by community health workers. S Afr J Inf Manag
15(Art. #528):9. doi:10.4102/sajim.v15i1.528

Tomlinson M, Rotheram-Borus MJ, Swartz L, Tsai AC (2013c) Scaling
up mHealth: where is the evidence? PLoS Med 10:e1001382

Tsai AC (2013) Intimate partner violence and population mental health:
why poverty and gender inequities matter. PLoS Med 10:e1001440

Tsai AC, Tomlinson M (2012) Mental health spillovers and the
Millennium Development Goals: the case of perinatal depression
in Khayelitsha, South Africa. J Glob Health 2:010302

Tsai AC, Scott JA, Hung KJ, Zhu JQ, Matthews LT et al (2013)
Reliability and validity of instruments for assessing perinatal de-
pression in African settings: systematic review and meta-analysis.
PLoS One 8:e82521

van Heerden A, Tomlinson M, Swartz L (2012) Point of care in your
pocket: a research agenda for the field of m-health. Bull World
Health Organ 90:393–394

Venkataramani AS (2012) Early life exposure to malaria and cognition in
adulthood: evidence from Mexico. J Health Econ 31:767–780

Venkataramani AS, Maughan-Brown B, Nattrass N, Ruger JP (2010)
Social grants, welfare, and the incentive to trade-off health for
income among individuals on HAART in South Africa. AIDS
Behav 14:1393–1400

Weissman MM, Pilowsky DJ, Wickramaratne PJ, Talati A, Wisniewski
SR et al (2006) Remissions in maternal depression and child psy-
chopathology: a STAR*D-child report. JAMA 295:1389–1398

Antenatal depression case finding by community health workers 431

http://dx.doi.org/10.1007/s11121-013-0376-8
http://dx.doi.org/10.1007/s11121-013-0376-8
http://dx.doi.org/10.4102/sajim.v15i1.528

	Antenatal depression case finding by community health workers in South Africa: feasibility of a mobile phone application
	Abstract
	Introduction
	Materials and methods
	Study population
	Study 1
	Study 2

	Measures
	Statistical analysis

	Results
	Discussion and conclusion
	References


