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Abstract

Measures that produce valid and reliable antenatal depressive symptom scores in low resource country
contexts are important for efforts to illuminate risk factors, outcomes, and effective interventions in
these contexts. Establishing the psychometric comparability of scores across countries also facilitates
analyses of similarities and differences across contexts. To date, however, few studies have evaluated
the psychometric properties and comparability of the most widely used antenatal depressive symptom
measures across diverse cultural, political and social contexts. To address this gap, we used data from
the Evidence for Better Lives Study — Foundational Research (EBLS-FR) to examine the internal
consistency reliability, nomological network validity, and cross-country measurement invariance of
the 9-item version of the Patient Health Questionnaire (PHQ-9) in antenatal samples across eight low-
resource contexts. We found that the PHQ-9 scores had good internal consistency across all eight
countries. Correlations between PHQ-9 scores and constructs conceptually associated with depression
were generally consistent, with a few exceptions. In measurement invariance analyses, only partial
metric invariance held and only across four of the countries. Our results suggest that the PHQ-9
yields internally consistent scores when administered in culturally diverse antenatal populations;
however, the meaning of the scores may vary. Thus, interpretation of PHQ-9 scores should consider
local meanings of symptoms of depression to ensure that context-specific conceptualisations and
manifestations of antenatal depressive symptoms are adequately reflected.

Keywords: antenatal depressive symptoms; patient health questionnaire; global mental health;

measurement invariance

Public Significance Statement
Antenatal depression is a significant global problem; however, there has been limited research into
symptom measures in a diversity of low resource contexts. In this study, common measure of

antenatal depressive symptoms (PHQ-9) gave scores with good reliability across eight different
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countries and nine languages; however, scores cannot always be compared across settings. We
provide recommendations for making symptom measures more relevant within and comparable

across diverse country contexts.
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Clinically significant depressive symptoms are estimated to affect approximately 15-20% of pregnant
women, with evidence of higher rates in low- and middle-income countries (LMICs) than in high
income countries (Biaggi et al., 2016; Fisher et al., 2012; Mahendran et al., 2019). A recent review
focusing on LMICs suggested that antenatal depression is associated with poorer birth outcomes such
as preterm birth and low birthweight (Fekadu Dadi et al., 2020). Given the potential adverse impacts
of antenatal depression, the availability of measures that can successfully identify symptoms and track
their progression during pregnancy offers considerable benefits. Measures that yield comparable
scores across different countries are particularly valuable from a global health perspective, as they
facilitate cross-national investigations of the prevalence, risk factors, and outcomes of antenatal
depressive symptoms (e.g., Fisher et al., 2012).

The Patient Health Questionnaire (PHQ) is a Diagnostic and Statistical Manual of Mental
Disorders (DSM) criteria-based tool that measures the symptoms of depression and other mental
disorders (Spitzer et al., 2000). The nine item version (PHQ-9) is often favoured for screening for
depressive symptoms as it is argued to achieve brevity and simplicity whilst still capturing a diverse
set of depressive symptoms (Carroll et al., 2020). Though not specifically designed to screen for
depressive symptoms during pregnancy, psychometric studies have supported its utility for estimating
depressive symptom levels in antenatal populations (Barthel et al., 2015; Bindt et al., 2012; Flynn et
al., 2011; Sidebottom et al., 2012; Zhong et al., 2014). However, despite having been translated into
over 70 languages and dialects, the extent to which the PHQ-9 produces scores that are cross-
culturally valid and comparable is virtually unknown (Carroll et al., 2020). In particular, there is
limited research examining the validity of the PHQ-9 scores in low resource country contexts (Ali et
al., 2016).

Mental health measures developed in one country or culture do not necessarily function in the
same way in otherss (Kohrt et al., 2011, 2016); indeed, there is ample evidence for cultural influences
on the conceptualisation and manifestation of mental health issues (Kohrt et al., 2014).
Acknowledging this, the DSM 5 states that ‘all forms of distress are locally shaped” (American
Psychiatric Association, 2013). For example, Ali et al. (2016) note that in sub-Saharan Africa,

depression is more likely to be reported in terms of somatic symptoms and local idioms (i.e., culture-
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specific concepts of distress) than via symptoms commonly included in depression inventories
developed in the English language in Western contexts. A similar idea has been applied to the contrast
between Chinese and Western contexts, where the latter is more likely to ‘psychologise’ their
depression and the former to ‘somatisize’ (Ryder et al., 2008).

Cross-cultural differences in stigma may also influence reporting of depressive symptoms. A
recent large-scale study found that Vietnamese women were at high risk of antenatal depression
(24.5%;Hue et al., 2020) and typically present to health centres with psychosomatic complaints, a
finding which has been speculated to reflect stigma regarding mental health difficulties. In contrast, a
Sri Lankan survey showed that depression is seen as having biological roots and help-seeking is less
stigmatised (Ediriweera et al., 2012). Similar considerations may apply to specific depressive
symptoms such as loss of sexual interest or pleasure, which may be taboo topics in some settings and
thus not openly discussed. These items can be poor markers of mental health in such contexts (Dere et
al., 2015)

Further, for more practical reasons, indicators that are relevant in one context may be poor
markers of mental health in another. For example, loss of appetite is likely to be a poor marker for
depression in countries where there are high levels of gastrointestinal infections or other physical
problems impacting appetite (Kohrt et al., 2016).

These kinds of contextual differences have significant implications for mental health
measurement, as the majority of measure development and validation work has relied on an ‘etic’
approach (Ali et al., 2016). In an etic approach, measures are developed in one context, most
commonly a Western Educated Industrialised Rich and Democratic (WEIRD; Henrich et al., 2010)
context, and translated and adapted for use in other contexts, rather than being developed from the
starting point of local concepts (Berry, 1969). Accordingly, when instruments developed and
adapted/translated in this way are applied and investigated in low resource country contexts it is
common for measurement differences to be observed. Indeed, research has suggested that screens for
post-natal depression in LMICs can miss cases when they neglect common culturally-specific
manifestations of, or ways of describing, distress in these populations (Ali et al., 2016). A recent

systematic review of the functioning of the Edinburgh Postnatal Depression Scale (EPDS) in women
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in low- and lower-middle income countries suggested that its psychometric properties with respect to
measuring perinatal depression are poorer than in high-income countries (Shrestha et al., 2016).

Measurement variations resulting from cross-country differences in the understanding and
manifestation of mental health symptoms mean that measures developed and validated in WEIRD
contexts may not yield valid or comparable scores in other contexts (e.g., see Kohrt et al., 2011). This
makes it difficult to compare rates, risk factors for, and outcomes of antenatal depressive symptoms
across different cultures. In turn, this lack of conceptual equivalence complicates assessments of the
cross-cultural generalisability of findings, the identification of the settings where investment is most
needed, and the targeting and tailoring of interventions to meet local needs.

Analyses of cross-country measurement invariance can provide insights into the extent to
which respondents in different countries share similar conceptions of depression and obtain similar
scores on depressive symptom assessments when experiencing comparable levels of underlying
severity (Stevanovic et al., 2015; Svetina et al., 2020). Measurement invariance analysis can be
conducted within a confirmatory factor analysis (CFA) framework, which models individual items as
indicators of underlying latent depression factors (Svetina et al., 2020). Factor loadings capture the
strength of relation between the latent depression factors and the observed items, while item intercepts
capture the ‘severity’ of a symptom. Different levels of measurement invariance support different
types of cross-country comparisons. Configural invariance is when the same items load on the same
factors across counties and is a minimum level of invariance. Metric invariance is identified when the
factor loadings of a confirmatory factor analysis (CFA) model for a set of items are equal across
different countries. Metric invariance allows variances and covariances involving the latent
depression construct(s) to be compared across countries. This would, for example, support a
comparison of the strength of relations between depression and candidate risk factors across countries.
Scalar invariance is when the intercepts (or thresholds) of the depression items are equal across
countries. Achieving scalar invariance allows levels of the latent depression construct(s) to be
compared across countries within the CFA model. Measurement non-invariance does not necessarily
mean that countries cannot be validly compared, but indicates that the non-invariance should be

modelled in a ‘partial invariance’ model in order to avoid biasing these comparisons (Pokropek et al.,
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2019). Further, violations of measurement invariance can provide insights into cultural differences
that can inform more global understandings of mental health. Given the need for an improved
understanding of the extent to which antenatal depressive symptoms can be measured with reliability
and validity, and comparably across countries, we conducted a psychometric validation and
measurement invariance analysis of the PHQ-9 across eight culturally diverse middle-income
countries.
Method
Overview
The PHQ-9 was translated into nine languages and its factorial validity, reliability,

nomological network correlations, and cross-country invariance were evaluated in eight middle-
income countries. The study was not pre-registered.
Participants

Data came from the Evidence for Better Lives Study - Foundational Research (EBLS-FR)
dataset (VValdebenito et al., 2020). In EBLS-FR, data were collected from 1,206 pregnant women in
their third trimester of pregnancy from eight sites. Sites were selected on the basis of being medium-
sized cities/conurbations in an LMIC and to sample a wide range of cultural, political, and social
contexts: Valenzuela, Philippines; Hue, Vietham; Ragama, Sri Lanka; Tarlai Kalan, Pakistan; Cluj-
Napoca, Romania; Worcester, South Africa; Koforidua, Ghana; and Kingston, Jamaica, and include at
least one country from each major world region as defined by the World Health Organisation (WHO).
Since the time of site selection, Romania’s classification has changed to ‘high income country’.
Within each site, pregnant women were recruited via primary health clinics during their standard
antenatal care visits. The goal was not to achieve an identical sampling strategy in each site, but rather
- given significant differences in health systems and client accessibility- to utilise a locally adapted
sampling strategy to achieve maximum comparability of samples across sites, Full details of the
sampling procedures within each site are provided in Supplementary Materials.

Inclusion criteria were that women were in the third trimester of pregnancy (29-40 weeks of
gestation), aged over 18, and having their main residence within one of the defined geographical

regions of the EBLS-FR study. Further participant characteristic information is provided in Table 1.
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Data collection

Data, including the PHQ-9, were collected by trained fieldworkers using computer-assisted
personal interviews (CAPI). The data analysed in the current study were part of a broader
questionnaire that collected information on participant health, wellbeing, adversity exposure, feelings
about their pregnancy, reproductive history, attitudes towards the pregnancy and future parenting, and
social support.
Ethics

Prior to data collection, the study underwent ethical review within the University of
Cambridge as well as from the ethics committees of the research institutes in each site. Informed
consent was collected from all participants.
Sample size

A full discussion of the sample size and minimum detectable effects is provided in
Supplementary Materials. The available sample size was based on the maximum that could be
attained within resource constraints. Monte Carlo power analyses were used to explore the minimum
detectable effect sizes for the primary analyses of the present study, i.e., the measurement invariance
analyses and suggested. We used a n=150 per group and 8 groups for these analyses. The basic
population model was based on an 8-group multi-group CFA of a scale similar the PHQ-9. It assumed
8 groups and 9 items with standardised loadings of .70, factor variances of 1, and thresholds of -1,0,1
and WLSMV estimation was used. Different levels of non-invariance (AX = 0.10 to 0.40) were then
introduced into a single item in a single group (the AX are on a standardized scale). The power to
detect non-invariance for a single loading was based on the percentage of replications for which the
difference between the non-invariant loading and the corresponding loadings in the other groups (AL)
was statistically significant. Results are shown in the Table S12 in Supplementary Materials. These
suggest that from AA~.35 and up our study is well-powered to detect individual loading invariance

violations Key output files for these analyses are available at: https://osf.io/eg635/. Given that our

goal was to detect non-invariance that could have substantively important biasing effects on cross-
country comparisons, this was judged acceptable for the purposes of the present study.

Measures


https://osf.io/eg635/
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Patient Health Questionnaire (PHQ-9)

The PHQ-9 measures depressive symptoms experienced in the last two weeks based on DSM-
IV-TR criteria for depression. The nine items refer to the following symptoms: anhedonia, dysphoria,
sleep disturbances, fatigue, changes in eating, low self-esteem, concentration difficulties, hypo- or
hyper-active behaviours, and thoughts of suicide or self-harm. Responses were recorded on a four-
point Likert-type scale with response options: 0= not at all; 1= several days; 2= more than half the
days; 3 =nearly every day. It was, however, necessary to recode the responses as 0= not at all 1=
several days (encompassing the ‘several days’, ‘more than half the days’ and the ‘nearly every day’
options from the original response scale) for the ‘thoughts’ item as no participant in the Romanian
group selected the two highest response options and no participant in the Philippines group selected
the highest response option for this item. These differences in response scale across items can be
accommodated within the latent factor models used and facilitated the inclusion of the ‘thoughts’
items in the factorial validity, reliability, and measurement invariance analyses.

While the psychometric properties of PHQ-9 have been extensively researched, the measure
has undergone limited validation in LMICs, including in the eight countries of EBLS (Carroll et al.,
2020). Two previous studies have examined the psychometric properties of the PHQ-9 in a sample of
pregnant women in Ghana, finding that PHQ-9 scores were associated with disability scores but there
was some evidence of potential multi-dimensionality and internal consistency values fell below
conventional cut-offs of .70 (Barthel et al., 2015; Bindt et al., 2012). A previous study in Pakistan
found good sensitivity, specificity and reliability of the PHQ-9 in an antenatal population (Gallis et
al., 2018). We could not locate any published studies assessing the PHQ-9 in antenatal samples in any
of the other countries included in our sample. In Sri Lanka, however, Hanwella et al. (2014) found
good sensitivity and specificity and strong internal consistency for a Sinhala version of the PHQ-9 in
a sample of 75 participants diagnosed with major depressive disorder and gender-matched controls .
In South Africa, PHQ-9 validation studies (Aggarwal et al., 2017; Bhana et al., 2015; Cholera et al.,
2014), have had mixed results. While internal consistency values have generally been adequate,
sensitivity was low in one study of primary care patients (Bhana et al., 2015) but better in another

(Cholera et al., 2014). In Vietnam, the measure showed evidence of good factorial, convergent and
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external validity, and excellent reliability in a sample of sexual minority women (Nguyen et al.,
2016). No studies based in the Philippines could be identified; however, a study of Filipino migrant
domestic workers in China found acceptable internal consistency, evidence for convergent and
divergent validity, and reasonable sensitivity and specificity at an optimal cut-point of 6 for the PHQ-
9 (Garabiles et al., 2019).

Nomological net measures

To construct a nomological net (Cronbach & Meehl, 1955), we selected several measures
that, from previous research, would be expected to be differentially related to PHQ-9 scores,
including: maternal stress, well-being, suicidality, aggression, and self-control. We expected
particularly close associations between depressive symptoms and stress, well-being, and suicidality,
allowing us to test convergent validity with depressive symptoms. Conversely, we expected
aggression and self-control to be more closely related to one another than to maternal depressive
symptoms, allowing us to test divergent validity. Details of these measures are provided below,
including the omega total internal consistency values and 95% Cls in the current sample. Where items
are on a 4-point scale or less these were calculated using the parameters of a categorical one-factor
CFA(Green & Yang, 2009) . Where items are on a 5-point scale or above they were calculated using a
CFA estimated using robust maximum likelihood estimation. The confidence intervals are based on
bias corrected and accelerated bootstrapping. All were estimated using the ci.reliability function in
MBESS for R statistical software (see Kelley & Pornprasertmanit, 2016).

Maternal stress was measured using the Perceived Stress Scale (Cohen, 1988); a 10-item
measure capturing the extent to which participants felt under stress in the previous month (example
item: ‘Feeling that difficulties were piling up so high that I could not overcome them”). Item
responses were recorded on a four-point Likert-type scale from not at all to nearly every day and
averaged to provide an overall stress score. Higher scores indicated higher levels of stress. Omega
reliabilities and 95% confidence intervals (95% CI) for the Perceived Stress Scale scores in each
country were: Ghana=.51 (95% CI = .10 to .70); Jamaica= .84 (95% CI =.75 to .89); Pakistan= .82
(95% CI =.75 to .87); Philippines=.81; Romania=.88 (95% CI = .82 to .91); South Africa= .89 (95%

Cl = .55t0 1.00); Sri Lanka =.95 (95% CI = .75 to 1.00); Vietnam= .85 (95% CI = .72 10 .92).
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Well-being was measured using the WHO-5 Wellbeing Index (Topp et al., 2015), comprising
5 items capturing previous fortnight well-being (example item: ‘I have felt cheerful and in good
spirits”). Responses were recorded on a 6-point Likert-type scale from at no time to all of the time and
summed, then linearly rescaled to provide overall scores on a 0 to 100 scale (with higher scores
representing better well-being). This rescaling was to facilitate comparison with other samples.
Omega reliabilities for the WHO-5 Wellbeing Index scores in each country were: Ghana=.86 (95%ClI
= .82 t0 .90); Jamaica=.75 (95% CI = .67 to .81) ; Pakistan=.88 (95% CI = .84 to .91); Philippines=.87
(95% CI = .83 to .90); Romania=.77 (95% CI = .64 to .83); South Africa=.78 (95% CI = .70 to .83);

Sri Lanka=.85 (95% CI = .80 t0 .88); Vietnam=.82 (95% CI = .76 to .86).

Aggression was measured using an adapted version of the Brief Aggression Questionnaire
(Webster et al., 2014). The version administered in EBLS-FR includes 12 items (example item:
‘sometimes I fly off the handle for no good reason’) capturing different forms of aggression (physical
aggression, verbal aggression, anger, and hostility). Responses were recorded on a 5-point Likert-type
scale from never to always. Item scores were averaged to provide overall aggression scores (with
higher scores representing more aggression). Omega reliabilities for the aggression scores in each
country were: Ghana=.78 (95% CI = .72 to .82); Jamaica=.74 (95% CI = .65 to .80); Pakistan=.55
(95% CI = .36 to 1); Philippines=.72 (95% CI = .61 to .78); Romania=.67 (95% Cl = .51 to .77);
South Africa= .70 (95% CI =); Sri Lanka=.68 (95% CI = .56 t0 .75); Vietnam=.66 (95% CI = .54 to
73).

Self-control was measured using an adapted version of the Brief Self-control Scale (Tangney
et al., 2004). The version administered in EBLS-FR includes 8 items (example item ‘I am good at
resisting temptation’), with responses recorded in a 5-point Likert-type scale from not at all to very
much. Individual item responses were averaged to form overall self-control scores. Omega reliabilities
for the self-control scores in each country were: Ghana=.73 (95% CI = .66 to .79); Jamaica=.73 (95%
Cl =.66 to .79); Pakistan=.62 (95% CI = .44 to .72); Philippines=.52 (95% CI = .03 to .60);
Romania=.70 (95% CI = .61 to .76); South Africa= .58 (95% CI = .43 t0 .67 ); Sri Lanka=.59 (95% CI

=); Vietnam=.57 (95% CI = .44 to .67).
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Translation
All measures were initially available in English, from which they were translated into 9
different languages, guided by the best practice translation recommendations provided by WHO:

https://www.who.int/substance_abuse/research_tools/translation/en/. The languages were: Urdu

(Pakistan), Afrikaans and IsiXhosa (South Africa), Romanian (Romania), Filipino (Tagalog) (the
Philippines), Sinhala and Tamil (Sri Lanka), Vietnamese (Vietnam) and Twi (Ghana), selected based
on the size of the respective linguistic group among the population of pregnant women in eight study
sites. The English version was used in Jamaica. In some cases, the measures had previously been
translated into the relevant local language; however, even in these cases we conducted our own
translation in an effort to maximise the comparability across the sites. The process of translation,
adaptation, and cross-cultural validation of the instruments aimed to harmonize among eight studies
sites and the original version. The translation process involved two independent translators producing
two forward-translated versions of the questionnaire. An expert panel meeting in each site resolved
any discrepancies between two versions and generated a harmonised translated version to ensure
natural and acceptable common language for the broadest audience. Fieldworkers in eight sites were
provided with training to address any ambiguities and misunderstandings.
Measure pre-testing

All versions of the questionnaires were pre-tested using a convenience sample of participants
(n=5-10 women in each site) who were similar in background to the target population. The pre-testing
led to the detection and correction of minor problems.
Statistical Procedure

Internal consistency reliability

Omega total (McDonald, 1999) was used to compute the internal consistency reliability of the
PHQ-9 within each country sample, using the psych package for R statistical software (Revelle,
2017). Unlike Cronbach’s alpha, omega total does not assume that the relations between each item
and the underlying construct being measured (here a depression latent variable) are equal (McNeish,
2018). It is, therefore, more appropriate for computing internal consistency for measures such as the

PHQ-9 where this assumption is unlikely to hold.
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Nomological network

Nomological network analysis can be used to evaluate whether the observed pattern of
associations between scores from a focal measure (here the PHQ-9) and others matches that expected
by theory (Cronbach & Meehl, 1955). Composite scores were created for the PHQ-9 and all other
nomological network measures. Within each country sample, raw Pearson correlations (i.e.,
unadjusted for other measures) were used to estimate the associations between all measures. These
associations were visualised using diagrams produced using ggraph (Epskamp et al., 2012), which
represents each score as a node and each correlation as an edge. The thickness of edges is proportional
to the strength of association between nodes. This facilitated a descriptive comparison of the way in
which PHQ-9 scores relate to other scores across the country samples. A statistical comparison of
nomological networks was conducted using Jennrich’s test of the equality of correlation matrices
(Jennrich, 1970). This method compares the differences between two matrices to the averages of two
matrices using a chi-square test. We did not correct for multiple comparisons in applying these tests to
the pairwise combinations of matrices because, given the goal of identifying possible cross-country
non-equivalence. we were more concerned with having adequate power to detect possible differences
than about type 1 errors.

Relative importance analysis

To provide complementary information on the relations between depressive symptoms and
related factors, we also conducted a linear regression and relative importance analysis in each of the
country samples (Grémping, 2006). In this we predicted depressive symptom scores from the same
measures in the nomological network using a linear regression model and quantified the ‘relative
importance’ of each predictor using the LMG statistic. This statistic provides a measure of the average
sequential R? contribution of each predictor over all different orderings of entry into the model (to
account for the fact that different orderings produce different sequential R? values for a given
predictor). Bootstrapping was used to estimate the variability in the estimates.

Factorial validity and measurement invariance

We began by evaluating whether the proposed one-factor structure of the PHQ-9 provided a

good fit to the data in each country individually. That is, we used CFA to establish whether a single
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factor could be considered sufficient to describe structure of the PHQ-9. This was also a pre-requisite
for being included in the subsequent cross-country measurement invariance analysis (see below)
which required a common configural factor structure across all sites.

A CFA model was fit for each country using weighted least squares means and variances
(WLSMV) to take account of the ordered categorical nature of the items. Scaling and identification
were achieved by fixing the latent variable variance to 1. Models were judged to fit well if
comparative fit index (CFI) and Tucker-Lewis Index (TLI) were >.95 and Root Mean Square Error of
Approximation (RMSEA) and Standardised Root Mean Square Residual (SRMR) were <.08 (Hu &
Bentler, 1999; Schermelleh-Engel et al., 2003). Where models did not fit well, modification indices
(MI) and expected parameter changes (EPCs) were inspected to identify possible sources of poor fit.
In general, given the exploratory nature of the current study, we allowed for the inclusion of residual
covariances indicated by Mls and EPCs as they may provide insights into country-specific item
relations.

Assuming reasonably fitting one factor CFAs could be achieved in each country individually,
we proceeded to test measurement invariance across countries. While universal model fit cut-offs are
difficult to define due to the fact that they are sensitive to a range of modelling situation features
beyond model mis-specification, we adopted commonly used heuristics of CFI and TLI >.95, RMSEA
< .05 and SRMR <.08 to indicate a well-fitting model (e.g., Hu & Bentler, 1999; Schermelleh-Engel
et al., 2003)

Any countries for which a one-factor model was not supported were not included in this
analysis. Our configural model comprised a multi-group one-factor model. One country served as the
reference group and the mean and variance of its PHQ-9 latent factor were fixed to 0 and 1
respectively and scale factors were fixed to 1. As there was no strong a priori reason to use any
country over the others as the reference group, we used the country that came first alphabetically as
the reference group. In addition, the loading of the first indicator was constrained to be equal across
all countries, one threshold per item was fixed equal across groups and a second threshold for the first
item was fixed equal across groups. The latent factor means and variances of all countries other than

the reference group were freely estimated. Together these constraints provided latent variable scaling
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and identification for the configural model. Configural invariance was judged to hold if this initial
multi-group model showed reasonable fit according to CFI, TLI, RMSEA and SRMR.

Next, we tested metric invariance by constraining the factor loadings to be equal across all
groups. Metric invariance was judged to hold based on the criteria recommended by Chen (2007), that
is, if CFI did not decrease by more than .010, if RMSEA did not increase by more than .015, and
SRMR did not increase by more than .030. If metric invariance did not hold, a partially invariant
model was sought through iterative release of cross-country loading constraints. This was guided by
inspection of Mls and EPCs.

Finally, scalar invariance was tested by adding cross-country invariance constraints on item
thresholds. No constraints were placed on items that had previously shown a lack of metric
invariance. Scalar invariance was judged to hold based on the criteria recommended by Chen (2007),
that is, if CFI did not decrease by more than .010, if RMSEA did not increase by more than .015, and
SRMR did not increase by more than .010. If these criteria were not met, iterative release of cross-
country threshold constraints were used to attempt to identify a partially invariant scalar model.

All (multi-group) CFA models were fit in Mplus 8.4 (Muthén & Muthén, 2015). The
MplusAutomation package (Hallquist & Wiley, 2018) for R statistical software was also used to assist
with managing the fitting, comparison, and reporting of models.

Data availability

Analysis code is available at: https://osf.io/eg635/. Other study materials and data are
available on reasonable request to the first author.

Results
Descriptive statistics

Table 2 provides the item descriptive statistics for the PHQ-9 by country. These show some
variation in overall PHQ-9 scores across the sites with the highest reported scores in Jamaica (M=9.0;
SD=5.1) and the lowest in Romania (M=5.1, SD=3.5).

Internal consistency
Omega total reliability values and 95% confidence intervals (Cls) calculated using the bias an

accelerated bootstrap method described in (Kelley & Pornprasertmanit, 2016) are provided in Table 1.
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These suggested that the internal consistency reliabilities of the PHQ-9 scores were good in all
countries.
Nomological network

Tables S1-S8 of Supplementary Materials provide the correlations among PHQ-9, stress,
well-being, suicidality, self-control, and aggression scores. PHQ-9 scores were significantly
associated with well-being, suicidal ideation, and stress scores in all eight sites; and with aggression
and self-control scores in all sites except Ghana. Figure 1 visualises the patterns of associations
between PHQ-9 scores and the other scores in the nomological net correlation matrix across countries.
The p-values for the statistical comparisons of the nomological net correlation matrices between
countries are provided in Table S9 of Supplementary Materials. The correlation matrix from Ghana
differed significantly from that of all other countries. In addition, there were significant differences
between Jamaica and Romania and Sri Lanka; between Pakistan and Sri Lanka; between the
Philippines and Romania; between Romania and both South Africa and Sri Lanka; between South
Africa and Sri Lanka; and between Sri Lanka and Vietnam.
Relative importance analysis

Tables S10 of Supplementary Materials provides the results of the relative importance
analysis in each of the eight countries. Across all countries stress and wellbeing tended to be
consistently higher in relative importance for predicting depressive symptoms than aggression or self-
control; however, there were some exceptions (e.g., self-control had a higher LMG value than well-
being in South Africa). Overall, the LMG values did not appear to be substantially different across
countries and their 95% Cls overlapped for each predictor.
Factorial validity

The CFA models fit well to the data from the Philippines (CFI=.95, TLI=.94, RMSEA=.06,
SRMR=.06), South Africa (CFI=.94, TLI=.92, RMSEA=.07, SRMR=.08), Sri Lanka (CFI=.95,
TLI=.94, RMSEA= .09, SRMR=.07) and Vietnam (CF1=.98, TLI=.97, RMSEA=.06, SRMR=.09),
therefore, no modifications were made to the models in these countries. The CFA model fit to the

data from Pakistan did not fit well according to several criteria (CF1=.92, TL1=.89, RMSEA=.09,
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SRMR=.10); however, there were no large Mls or EPCs. We, therefore, also made no further
modifications to this model.

When fit to the data from Ghana, a one-factor CFA for the PHQ-9 did not initially fit well
(CF1=.86, TLI=.81, RMSEA=.11, SRMR=.08). MlIs and EPCs suggested that fit could be improved
with the addition of a residual covariance between the ‘energy’ and ‘sleep’ items and/or the ‘failure’
and ‘sleep’ items. Including these residual covariances led to improved fit and a model that had
suboptimal but acceptable fit (CF1=.93, TLI1=.90, RMSEA=.08; SRMR=.07).

The CFA model fit to the data from Jamaica also fit poorly at first (CF1=.85, TLI1=.81,
RMSEA=.11, SRMR=.09). Similar to the Ghana model, Mls and EPCs suggested that fit could be
improved with the addition of a residual covariance between the ‘sleep’ and ‘energy’ item and/or the
‘failure’ and ‘energy’ items. This improved the fit of the model; however, it remained suboptimal
(CFI=.91, TLI=.87, RMSEA=.10, SRMR=.08). Nevertheless, we did not continue to add further
residual covariances in order to control the risk of capitalising on chance.

The initial CFA model fit to the data from Romania also showed poor fit (CFI=.86, TLI=.85,
RMSEA=.13, SRMR=.13), with Mls and EPCs indicating that fit could be improved with the addition
of residual covariances between the ‘energy’ and ‘sleep’, ‘energy’ and ‘failure’ and/or ‘failure’ and
‘hopelessness’ items. All three residual covariances were included, leading to a well-fitting model
according to CFI and TLI but still a poor fitting model according to RMSEA and SRMR (CF1=.94,
TLI=.92, RMSEA=.09, SRMR=.12). Given that the CFI and TLI values were reasonable we did not
make any further modifications to this model.

Cross-country invariance

Measurement invariance was tested only across the four countries where the original PHQ-9
factor structure was supported (i.e., Philippines, South Africa, Sri Lanka, and Vietnam), with the
Philippines serving as the reference group. The focus on these countries only was based on the results
from the individual CFAs which showed that the one-factor CFA model was not an adequate
description of the data in the remaining countries (Ghana, Jamaica, Romania, and Pakistan). While the
fit for the countries included in the measurement invariance analysis did not all show good fit

according to conventional criteria, they were judged to show fit that was sufficiently good for the
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purposes of further exploring cross-country measurement differences in a measurement invariance
analysis. The configural model fit well (CF1=.955, TL1=.942, RMSEA=.072, SRMR=.074).

Fit declined with the addition of metric invariance constraints (CFI=.926, TLI1=.921,
RMSEA=.084, SRMR=.080), with the magnitude of the declines suggesting a lack of invariance by
Chen's (2007) criteria. Iterative removal of the cross-country loadings constraints on the following
items were necessary to achieve partial metric invariance (CFI=.947, TL1=.941, RMSEA=.063,
SRMR=.079): ‘sleep’ item and energy item in South Africa; ‘concentration’ item in Vietnam;
‘thoughts’ item in the Philippines; and ‘sleep’ item in Sri Lanka.

Scalar invariance constraints were added to the partially metric invariant model. In addition,
to resolve an estimation issue a cross-group equality constraint was placed on the third threshold of
the ‘concentration’ item in the Vietnam group. The addition of scalar invariance constraints led to a
decline in model fit (CF1=.900, TLI=.915, RMSEA=.087, SRMR=.086). It required the iterative
removal of 14 cross-group threshold equality constraints to achieve model fit that was within Chen's
(2007) criteria (CFI=.938, TLI=.942, RMSEA=.072, SRMR=.083). Given that more than half the
thresholds had to be freed to achieve a reduction in fit less than that required to stay within Chen's
(2007) criteria (adding to the constraints not placed on the 5 items that did not show metric
invariance) it was concluded that even partial scalar invariance could not be achieved (Pokropek et al.,
2019). As such, the partially invariant metric model was judged as the optimal model for this data.

Table 3 provides loading parameter estimates and variances from the final model (partial
metric). We do not report threshold/scale factor and mean differences because of the failure to achieve
even partial scalar invariance. The estimates suggest that the ‘sleep’ and ‘energy’ items were more
strongly related to the depressive symptoms latent variable in South Africa as compared to the other
countries. The ‘sleep’ item was also somewhat more related to the depressive symptoms latent
variable in Sri Lanka as compared to the Philippines and Vietnam. In addition, the ’concentration’
item was more strongly related to the depression latent variable in Vietham compared with the other
countries. As this parameter estimate was large compared to the other loadings, we checked for
possible estimation errors by re-estimating the model using different start values and by checking that

the corresponding standardised estimate was not a Heywood case. We also checked that other
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parameter estimates were similar with versus without the cross-group parameter constraints on this
loading (see: https://osf.io/my5nv/). The large magnitude of this loading on the unstandardised scale
likely reflects the skewed distribution of responses on this item in this group, with the vast majority of
respondents endorsing the 1% and 2™ response option. Finally, the suicidal ideation item was less
strongly related to the depression latent variable in the Philippines than in the other countries.

Supplementary Analyses

To provide further illumination on the poor CFA fit in the Ghana, Jamaica, Pakistan, and
Romania samples and to guide the development of more suitable factor models, post-hoc exploratory
factor analyses were conducted. Parallel analysis with principal components analysis (PA-PCA), the
minimum average partial (MAP) test, and visual inspection of a scree plot were used to guide factor
retention. Full details are provided in Supplementary Materials. In brief, despite poor fit in the initial
one-factor CFAs there was no strong evidence for multi-dimensionality in the Ghana, Pakistan, and
Romania sample based on follow-up EFAs. A two-factor model was, however, supported in the
Jamaica sample. The two factors captured cognitive-motivational and physical symptoms of
depression respectively.

Discussion

Reliable, valid, and preferably brief measures of perinatal depressive symptoms are
important for a robust global health evidence base to underpin the monitoring, treatment, mitigation
and prevention of depression. Such evidence is needed especially in low resource settings. This study
of psychometric properties of the PHQ-9 across eight diverse cultures found the internal consistency
to be adequate in all settings. However, the proposed single-factor structure fit well for only half of
the countries sampled (Philippines, South Africa, Sri Lanka, and Vietnam).
Even for these countries, differences emerged in multi-group measurement invariance analyses. Here,
only partial metric invariance could be achieved, with the ‘sleep’, ‘concentration’, ‘energy’ and
‘thoughts’ items showing stronger relations to overall depressive symptom levels in some countries
compared to others. Specifically, concentration problems were more strongly related to the depression
latent variable in Vietnam; suicidal ideation was less strongly related to the depression latent variable

in Philippines; sleep problems were more strongly related to the depression latent variable in Sri
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Lanka and South Africa (especially the latter); and energy issues were more strongly related to the
depressive symptoms latent variable in South Africa. Measurement invariance analyses thus further
suggested differences in the content of the PHQ-9 depressive symptoms latent construct across
cultures.

Broadly, the nomological network associations for the PHQ-9 scores were similar across all
countries, with the direction of associations with other relevant measures consistent across all sites.
All associations were in the direction predicted by theory, providing indirect evidence of construct
validity (Cronbach & Meehl, 1955). The magnitude of associations, however, sometimes varied
considerably across sites and there were a number of statistically significant differences in the
correlation matrices between sites. For example, the correlation between PHQ-9 and aggression
scores varied from r=.09 in Ghana up to r=.47 in South Africa. These analyses suggested that there
were some differences in how depressive symptoms clusters with other related constructs, consistent
with the idea that antenatal depressive symptoms may vary in their meaning and implications across
cultures. However, the relative importance analysis suggested that the confidence intervals for the
relative importance for each covariate across countries overlapped.

Taken together, these findings show important strengths of the PHQ-9 scores in relation to
construct validity but also highlight the need for caution when applying the PHQ-9 to compare levels
of antenatal depressive symptoms across diverse cultural contexts. Cross-cultural differences in the
dimensionality of the PHQ-9 have previously been reported, suggesting that in some contexts it is
better characterised using a one-factor model, and in others, a two-factor model (Carroll et al., 2020;
Shin et al., 2020). Shin et al. (2020), for example, found evidence that a two-factor model with
‘affective-somatic’ and ‘cognitive’ dimensions better described the PHQ-9 in a normative Korean
sample than a one-factor model, similar to the findings in this study for Jamaica, while the one factor
model fit best in the other countries A lack of direct comparisons of the PHQ-9 using a common data
collection protocol across prior studies makes it difficult to establish the extent to which these
differences simply reflect methodological differences across studies. Our results thus provide
important evidence of possible cross-country differences in cultural understandings and

manifestations of antenatal depressive symptoms
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The presence of differences in the measurement of depressive symptoms across these diverse
contexts is consistent with previous research suggesting that there are substantive differences in the
manner in which distress-related concepts are understood, manifested, and accepted across cultures
(Kohrt et al., 2014, 2016). The lack of factorial validity for some countries (Pakistan, Jamaica, Ghana
and Romania) is also consistent with previous findings suggesting that when depressive symptom
measures are developed in Western contexts and then applied in low- and middle-income countries,
their psychometric properties in these latter countries are poorer than in the contexts in which they
were developed (Shrestha et al., 2016). The reasons for the lack of factorial validity in these new
contexts is not entirely clear and it is likely that they differ by context. Pakistan, for example, has been
shown to have relatively high rates of antenatal depression compared to the broader region and global
averages (Mahendran et al., 2019), an observation confirmed in our study. However, considerable
stigma and false beliefs about mental illnesses have been reported in this context (Atif et al., 2021)
which may undermine the reliable reporting of symptoms in measures such as the PHQ-9 that rely on
brief, self-reports. For Jamaica; however, there was evidence for possible multi-dimensionality in the
PHQ-9 based in follow-up EFAs. These suggested that in this context antenatal depressive symptoms
are experienced and/or reported in a more differentiated manner in which cognitive/motivational
versus physical symptoms are more distinct from one another. There is some precedent for this as
similar dimensions were supported for the PHQ-9 in a Korean sample (Shin et al., 2020). The reason
why this distinction was observed particularly in the Jamaica sample of our study is not clear. The
mental health context for pregnant women in Jamaica can, however, diverge substantially from that of
the women other countries sampled. For example, it is common for women to have children with
multiple partners over their reproductive years, for relationships to be less stable, and for less partner
(practical and emotional) support to potentially be available (see e.g., Bernard et al., 2018). Further
research will be required to establish whether cultural norms such as these play a role in measurement
differences in antenatal depression symptoms across the world.

Among the countries that we could compare in our measurement invariance analyses we
found several additional differences. We found, for example, that the PHQ-9 suicidal thoughts item

was less strongly related to the depression latent variable in the Philippines than in other countries.
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Previous research has also found cultural variations in the strength of relations between suicidal
ideation and a latent depression variable. For example, Dere et al. (2015) found that the suicidal
ideation item of the Hopkins symptom checklist 15-item depression scale (HSCL-15) had a low item
response theory discrimination parameter in a sample from Thailand compared with others from
diverse regions of the world. To help explant this finding, they noted that while depression is more
associated with suicidal ideation in HICs, impulse control disorders may be a more important driver
of suicidal ideation in some LMICs.

The low loading of the suicidal ideations item in the Philippines may reflect the strong
stigma against suicidality in this context, as well as high levels of family-orientation and religiosity
deterring individuals from suicidality (or reporting it) despite distress. Indeed, the Philippines has the
lowest suicide mortality rate in the Western Pacific region (World Health Statistics, 2020) and studies
have suggested that religiosity and spirituality are important factors that prevent contemplating and
attempting suicide in the Philippines (Bautista et al., 2017; Colucci et al., 2010; Estrada et al., 2019;
Redaniel et al., 2011). Future research using techniques such as cognitive interviewing with local
respondents could help illuminate the nature of this and the other measurement differences identified
in the current study and suggest how the PHQ-9 and measures like it can be adapted to be more
comparable across different contexts. These would also help disentangle measurement differences
related to influential factors, including cultural understandings of the concept of depression; stigma
and associated reporting biases; local applicability of specific items; and issues related to translation
and the training of interviewers.

The above considerations regarding cultural influences on specific symptoms underline the
importance of ensuring the local relevance of measures of antenatal depressive symptoms and
suggests that substantial adaptation may sometimes be necessary to ensure that mental health
measures produce scores with validity in in different contexts. However, the ability to use a measure
for cross-country comparisons is an important competing consideration as the need for a substantial
adaptation can undermine the possibility of valid comparisons. Fortunately, when using latent variable
methods, provided that there is a core set of cross-culturally comparable items, some items can vary

across contexts without compromising comparability (Pokropek et al., 2019). Further development
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work would be valuable to identify an optimal set of cross-culturally invariant items; however, our
results suggest that the ‘pleasure’, ‘eating’ and ‘movement’ items represent good candidates as they
showed no strong evidence of differing in their functioning across the sites included in the current
study. The addition of further cross-culturally invariant items would be beneficial to increase the pool
of comparable items. Locally relevant items could then be drawn from cultural concepts of distress,
defined as the way that cultural groups ‘experience, understand, and communicate suffering,
behavioural problems, or troubling thoughts and emotions’ to optimise functioning in local contexts
(Kohrt et al., 2014). Kohrt et al., (2016) found that augmenting the PHQ-9 with cultural concepts of
distress improved the detection of depression in a Nepali sample. This suggests that the approach is
promising; however, they did not address comparisons across countries, leaving this as an important
area for future work.

Another potential contributing factor to the cross-cultural differences may relate to the
suboptimal construction of items. For example, though best practices in item generation (e.g., Lietz,
2010) suggest that items should not be double-barrelled, some PHQ-9 items contain such double-
barrelled statements (e.g., sleeping too much or too little). Suboptimal construction in the source
language can make it more difficult to translate items in a manner that retains conceptual equivalence
(Acquadro et al., 2018). The construction of depression measures to be used across the world should
ensure optimal item construction and consider translatability at an early stage of development (de
Jong et al., 2018).

Limitations

It is important to consider the limitations of the current study. First, though our measurement
protocol was identical and all participants were recruited from antenatal care pathways, there were
some differences in the sampling methods across studies due to differences in the structure of
healthcare systems and other local factors that precluded the application of an identical sampling
method. Thus, a lack of comparability could reflect different compositions in samples across the sites.
Second, measurement invariance analyses can identify the presence of non-invariance but provide
limited insights into its cause. They cannot, for example, differentiate between non-invariance due to

methodological issues such as translation problems or differences in interviewer skills, and more
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substantive drivers of non-invariance, such as different cultural understandings of mental health
constructs. To differentiate these factors, techniques such as the culture, comprehension, and
translation bias techniques suggested by (Bader et al., 2021) are necessary. However, it was not
possible to apply this method in the current dataset because it requires sufficiently powered statistical
comparisons between groups differing in language but not culture; in culture but not language; and in
both language and culture. Indeed, though multiple languages are spoken in some sites, our small
sample size meant we were not able to examine invariance across languages within sites

Our sample size, though large overall, was relatively small within each country, though
simulation studies (see Supplementary Materials) suggest that non-invariance can be detected well
with group sizes of 100, except for small effect sizes (Kim & Yoon, 2011). As such, any non-
invariance missed due to our sample sizes was not likely to have been of a substantively important
magnitude.

We were unable to assess the sensitivity and specificity of PHQ-9 across contexts as we did
not include (ICD-10) gold standard measures of depression as part of our assessment battery. Given
the potential measurement differences we identified in the current study, further work to establish
(possibly different) optimal cut-points across different country contexts will be important to ensure
the PHQ-9 functions optimally for detecting depression.

Our nomological network analysis was also based on measures that have not had their cross-
country measurement invariance established but to facilitate analysis of the reasonably large set of
variables involved given the modest country-specific sample sizes, we computed composite scores (as
opposed to used latent variable models) that implicitly assume measurement invariance. This means
that differences across countries in the associations between PHQ-9 and other measures will reflect
measurement differences in both the PHQ-9 and the other measures. Some of the measures (e.g., self-
control) also had low reliabilities, which will attenuate their associations with PHQ-9 scores. Future
studies could examine and model the cross-country invariance in these other variables too using a
multi-group latent variable model for all constructs, to help disentangle the different sources of
differences in associations across countries. Similarly, we had only cross-sectional data meaning that

we could focus only on the correlations between rather than directional effects of these variables on



PHQ-9 in LMICs

one another. Future studies with repeated measures of these constructs could construct longitudinal
nomological networks using techniques such as graphical vector autoregression (e.g., Epskamp,
2020).

It is also important to note that our conclusions are confined to the PHQ-9 measure of
depression and while they might suggest cross-cultural difference in depressive symptoms, this
conclusion may vary depending on the instruments used. There are a very large number of measures
of depressive symptoms available, with variable similarity in content (Fried, 2017). It would,
therefore, be informative to evaluate cross-country differences in depressive symptom measures in
other commonly used measures.

Finally, we relied on a particular measurement framework for assessing depressive symptoms
across countries, namely a latent variable model that assumes that depressive symptoms are
observable manifestations of an underlying latent depression variable. However, there is recognition -
in network analyses approaches in particular - that to explain symptom inter-relations there is no need
to posit an underlying latent variables for mental health constructs and instead, symptoms may be
directly and indirectly connected to and influence one another (Borsboom & Cramer, 2013). Indeed, if
the latent variable assumption is incorrect then this may have contributed to the suboptimal fit in some
countries. Further, network analysis approaches to mental health can yield valuable information about
which particular symptoms may be the highest priority intervention targets owing to their high levels
of connectedness to other symptoms (Speyer et al., 2021). Future investigations of cross-cultural
differences in the PHQ-9 using network approaches are, therefore, promising for yielding further
valuable information about how depressive symptoms may manifest and be captured by psychometric
instruments across the world.

Future Directions

The current study focused on the reliability/validity of the PHQ-9 within, and cross-country
measurement invariance of the PHQ-9, across antenatal populations in eight low- and middle-income
countries. Important extensions to this work would include an evaluation of measures of depressive
symptoms across a wider range of country contexts and in other types of respondents. Depressive

symptoms during pregnancy are not necessarily equivalent to those experienced at other stage of life.
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Indeed, pregnancy represents an important life event associated with social, relationship, and
hormonal changes, as well as other pregnancy-specific risk factors such as unwanted or coerced
pregnancy and prenatal intimate partner violence that can impact mental health (Atif et al., 2021,
Brown et al., 2021; Murray et al., 2018; Yin et al., 2021). Further, due to the fact that pregnancy
symptoms (e.g., appetite and sleep changes) can mask or be mistaken for some of the symptoms of
antenatal depression, there are challenges in accurately detecting and quantifying symptoms during
this period. A particularly valuable future direction would therefore be to examine the measurement
invariance of the PHQ-9 across the pre-conception, antenatal, and post-partum periods and beyond in
diverse country contexts in order to evaluate the extent to which it is a suitable tool for tracking
changes in depressive symptoms associated with the not only pregnancy but the periods that precede it
and follow it. Such a tool would be invaluable for tracking the long-term effects of interventions to
improve maternal mental health in different country contexts.

Conclusions

The PHQ-9 appears to yield reliable scores with high convergent validity for depressive
symptoms across a set of culturally diverse contexts assessed in the current study. Not all countries,
however, demonstrated factorial validity with respect to the hypothesised single-factor structure of the
PHQ-9. Further, differences in factor structure and lack of measurement invariance may affect the use
of scores for valid cross-country comparisons. To improve the cross-cultural measurement of
depressive symptoms, future studies could aim to identify a pool of cross-culturally invariant items in
established measures to facilitate robust cross-country comparisons, and develop and test new
candidate ‘universal’ items alongside items capturing culturally-specific manifestations of depression.
Greater use of latent variable models with non-invariance modelled could facilitate valid comparisons

where some items are shown to be non-comparable across contexts.
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Table 1: Participant demographic information

Ghana Jamaica Pakistan Philippines Romania South Africa Sri Lanka Vietham
N 145 152 147 154 150 150 152 150
Age M=29.1 M=25.5 M=27.3 M=27.7 M=30.0 M=29.7 M=29.7 M=29.9
SD=6.3 SD=5.7 SD=5.2 SD=6.0 SD=4.6 SD=6.0 SD=5.5 SD=5.2
Subjective SES? M=4.8 M=5.1 M=4.6 M=4.6 M=7.0 M=4.7 M=6.0 M=5.1
SD=2.4 SD=1.8 SD=2.0 SD=1.9 SD=1.2 SD=2.0 SD=2.1 SD=1.4
%1% pregnancy 19 27 12 25 51 35 42 29
% clinically depressed® 5 13 11 8 2 8 4 3

Note. 23SES= socioeconomic status based on the 10-point MacArthur Scale of Subjective Social Status, where higher scores mean higher perceived status

(Adler et al., 2000). PEstimate based on percent scoring above PHQ-9 cut-off of 14.
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Table 2: PHQ-9 item contents and descriptive statistics by country

Item M SD M SD M SD M SD M SD M SD M SD M SD
Ghana Jamaica Pakistan Philippines Romania South Sri Lanka Vietnam
Africa
Pleasure 1.89 0.94 2.32 1.07 2.10 1.19 2.07 0.97 1.65 0.59 165 059 170 075 165 0.61
Hopeless 1.77 0.96 2.03 1.04 191 1.18 1.80 0.95 1.27 0.52 127 052 163 080 133 0.58
Sleep 2.38 0.99 2.43 1.15 235 1.36 239  0.99 218 0.88 218 0.88 204 0838 220 0.85
Energy 2.39 0.89 2.67 1.05 3.05 1.16 2.22 0.93 2.18 0.76 218 076 204 087 199 0.77
Eating 2.01 0.99 2.26 1.14 2.39 1.34 1.92 1.07 1.85 0.82 18 082 172 083 181 0.87
Failure 1.65 0.91 1.55 0.97 1.37 0.84 1.66 0.92 1.19 0.49 119 049 130 058 127 0.55
Concentrate  1.52 0.85 1.71 1.10 1.37 0.86 1.66 0.93 141 0.75 141 075 130 064 151 0.70
Moving 1.48 0.75 1.73 0.99 1.59 0.93 1.56 0.86 1.35 0.58 135 058 147 073 140 061
Thoughts 1.32 0.80 1.36 0.83 1.13 0.46 1.17 0.51 1.03 0.16 103 016 117 056 106 0.33
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Total score 7.38 4.69 9.04 5.10 8.24 544 7.40 4.58 511 349 6.82 5.07 537 415 519 3.68

Omega

liabilit
reliability 82 (70-
(95% ClI) .73 (.60-.80) .71 (.53-.79) .74 (.63-.80) .77 (.68-.83) .81 (.67-.88) .74 (.62-.80) .84 (.77-.88) .87)

Note. Items are measured on a 4-point Likert-type scale with 1 = not at all to 4 = nearly every day. Categorial omega reliability 95% confidence intervals
(Cls) were calculated using the bias corrected and accelerated bootstrap method described in (Kelley & Pornprasertmanit, 2016). The total score for the
PHQ-9 is based on the sum of all item scores. This was done prior to collapsing some PHQ-9 item categories to facilitate measurement invariance analysis to

provide comparability of scores with established standards and other studies using the PHQ-9.
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Table 3: Unstandardized loading estimates for the four countries compared in a measurement invariance analysis

Philippines South Africa Sri Lanka Vietham

Estimate  SE p Estimate  SE p Estimate SE p Estimate SE p
Pleasure 0.416 0.061 <.001 0.416 0.061 <.001 0.416 0.061 <.001 0.416 0.061 <.001
Hopeless 0.705 0.056 <.001 0.705 0.056 <.001 0.705 0.056 <.001 0.705 0.056 <.001
Sleep 0.464 0.070 <.001 1.334 0.316 <.001 0.789 0.170 <.001 0.464 0.07 <.001
Energy 0.582 0.062 <.001 1.370 0.438 .002 0.582 0.062 <.001 0.582 0.062 <.001
Eating 0.427 0.080 <.001 0.427 0.080 <.001 0.427 0.08 <.001 0.427 0.08 <.001
Failure 0.635 0.066 <.001 0.635 0.066 <.001 0.635 0.066 <.001 0.635 0.066 <.001
Concentration 0.600 0.071 <.001 0.600 0.071 <.001 0.600 0.071 <.001 10.522 40.667 .796
Moving 0.681 0.074 <.001 0.681 0.074 <.001 0.681 0.074 <.001 0.681 0.074 <.001
Thoughts 0.525 0.124 <.001 1.104 0.166 <.001 1.104 0.166 <.001 1.104 0.166 <.001

Note. Table shows both invariant and non-invariant loadings across countries. Non-invariant parameters are in bold. Standardized estimates are provided in

Supplementary Materials.
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Figure 1: Nomological networks for PHQ-9 scores in each country
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Note. Agg= aggression; SC= self-control; WB= well-being; PHQ9= PHQ-9 scores. Red indicates a positive association and blue indicates a negative
association, with edge thicknesses proportional to the magnitude of the Pearson correlations between variables (represented as nodes).



