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Department of Epidemiology
Background: Depression is one of the leading causes of disability and largest contributor to
the global burden of disease. In s@aharan Africa, depression often goes undetected and
untreated, in part, due to a lack of validated screening and diagnostic instruments.
Therefore, we conducted a validation study oétRatient Health Questionnaire (PHXD
andfully structured Composite International Diagnostic Interview (CIDI) in diagnosing
current major depressive disorder (MDD) among Ethiopian adults.
Methods: A totalof 926 adults attending outpatient departments in a major referral
hospital in Addis Ababa, Ethiopia participated in this stWdg.used a two stagstudy
design where participants were first interviewed using an Amharic versions cORHQ
the CIDI insuments and then a stratified random sample underwent a follgovsem
structured clinical interview conducted by a psychiatrist, blinded to the screening results,
using Schedules for Clinical Assessment in Neuropsychiatry (SCAN) instivie¢ested
condruct validity using factor analysis and by examining associations of9REIQI with

selfreported quality of life as assessed using the World Health Organization Quality of Life



(WHQGQOL) Questionnair&Ve calculated the psychometric properties of the@8{CIDI

using the SCAN diagnostic interview as a gold standard.

Results: Our study provided evidence for unidimensionality of core depression screening

guestions on both PH®Q and CIDI interviews with good factor loadings on a major core

depressive factorThe PH®® i t ems showed good internal (Cron
re-test reliability (intraclass correlation coefficient=0.93)milarly, ve found that the CIDI

di agnostic interview has good i nt er mianl reliab
adults Quality of life, as reflected in subscale scoreddor WHOQOL domains, was

significantly lower among adults classified as depressed on theRh@ CIDtompared to

those classified as not depresse@cRiver Operating Characteristiasdysis showed that a

PHQO threshold score of 9 offered the optimal discriminatory power with respect to

diagnosis of major depressive disorder via the clinical interview (séhsiti79% and

specificity= 72%)Compared to the SCAN reference standard,GHel had fair specificity

(72.2%) but low sensitivity (51.0%).

Conclusion: The PHE s areliable and valid instrument that may be used as a screen for

major depressive disorder among Ethiopian adults in outpatient health care seffihgs.

CIDI had fair specificity and low sensitivity in detecting MDD compared with psychiatrist
administered SCAN diagnosis. Our findings are generally consistent with prior studies. Use

of fully structured interviews such as the CIDI for MDD diagnosimioatisettings might

lead to under detection of MDD.
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CHAPTER 1

Overview of Dissertation Research



Overview of Dissertation Research

Globally, mental health problems account for 13% of the total burden of disease and 31% of all
years lived with disabilitjl]. By 2030, depression alone is likely to be the single highest
contributor to burden of disease in ¢tffibe worl d
accidents, and HIV/AIDE. Studies conducted in st®aharan Africa among primary health

clinic attendees show that 230% of them preent with depressive symptoms and other
psychological disorders as the first or secondagson for seeking medical cqtg.

Depression is oftennderdiagnosednd undertreated in primary care settingsarticularlyin
developing countriesdespite its economic impact on families and communities, and its
contribution to longterm disability[3-5]. This is, in part, due to challengesulting from dack

of skilled mental health workers, stigma associated with mental iliness, lack ofauribssally
validated screening instruments, and prominence of somatic presentations of mental disorders
[5-7]. Effective treatment and prevention of depression requires accurate detection and
diagnosig8], which inturn involvesthe systematic use of valid measurement approaches.

Below, we provide a rationale for evaluating the diagnostic validity of two standardized
depression screeng instruments that have been used extensively worldwide among adults in

Ethiopia.

Patient Health Questionnaire (PHQ-9)
The PHED, an instrument designed to screen for major depressive disorder, consists of one
guestion for each of the nine criteridmsed up on the DSIW major depressive disorders [9,

10]. The questions refer to situations in the previous two weeks. Because of its brevity the PHQ
2



9 has gained increased recognition as the preferred instrument for depression screenings in
primary caresettings among racially and ethnically diverse populations [11]. Additionally, it has
been reported as a valuable tool for the diagnosis and management of depression as it can
generate a diagnosis of major depression, as well a continuous score to moa#onent [9].
Importantly, the PHE® can be selddministered or intervieweadministered, and it has
demonstrated validity in many countries as an instrument capable of measure probable major
depressive disorders (MDD) [9]. To date, only three, investgéeams have published studies
documenting the psychometric properties of the PIA@hen used in suBaharan African
populations [1114]; and none of these included Ethiopians. Of the three, only one study
translated the PHE instrument into local diala (Swahili)9]. Despite differences in

population characteristics, sample size, and study settings, téxiqus studies consistently
demonstrate the good reliability and potential benefit of the RBI@ subSaharan Africa. The

current study will add to the sparse research findings specific teéSaltaran Africa.

Composite International Diagnostic Interview (CIDI)

The CIDI was developed by the World Health Organization as a research diagnostic interview
and to obtain valid information about the prevalence and correlates of mental disoftiérs

12]. The first version of CIDI did not adequately and consistently measure risk factors,
consequences, patterns and correlates of mental health problems [17]. It alsselvadal
methodologicalimitationsincluding complexity of questions and instructiongyich limitedits
application in cross cultural settings [17]. Cognizant of these limitations the WHO charged a

multinational CIDI Editorial Committee to test the instrument in many different countnds a
3



established the WHO World Mental Health (WMH) Survey Initiative in 1998. SingeCiidn

has gone through a number of revisionsai@ndiagnosticalgorithmswith the DSMIV and
International Classification of Diseasdith edition (ICELO) codingsysems.Although clinical
appraisal studies have been conducted to assess the validity of CIDI in different countries [14],
to date, there is no published literature reporting the validity of CIDI (version 3.0) when used in
sub-Saharan African populations.a8oughtto address this gap in the literature by evaluating

the validity and reliability of CIDI version 3.0 as a depression screening instrument arbang

dwellingEthiopians.

Translating Measures in Non-Western Setting

Although both PHE) and CIDI, mginally developed in Western countries, are extensively used
around the world, concerns have been raised that standard translation andtlatiation
proceduresmaybe inadequate to produce a culturally valid version of these instrusient
non-Western countrie$13, 14]. Indeed, somé&avearguel that depression in Africa presents in
somatic forms, culture specific idioms, interpersonal relationships or in spiritaghena

that may obscure detection when standard instruments are U4l 8]. Somatization, the
unconscious expression of psychological conflict as physingitoms with no identifiable
physical origin, is not unique to st#aharan Africfl9]. Investigatorhhavemade similar
observations in Asig8, 20, 21] andin Latin Americd22, 23]. Similarly somatic symptoms were
reportedly higher among African Americans in the United States compared ite ¥//24).
However there is an accumulating body of objective evidence challenging the view of a cultural

preponderance of@matization[25]. Investigators have reported that the measurement of
4



depression in international contexts may be undertaken with standard instruments in different
cultural settings, provided care is taken to ensuneaglequate translation and validation of the
cutoff score[25]. Importantly, mental health researchers advocate the use of standardized
instruments when there is evidence that major depressive disorder manifests in forms similar

to those cultues for which there are standardized instrumefit$§].

To the best of our knowledge, only one study, thus far, has systematically evaluated how
culture and somatic manifestations of depression affect standi#gdnosis using PHQinsub-
Saharan Africanontext[26]. Okulateet alin their study among Nigerian military personnel
evaluated somatic symptoms with diagnosis of depressging PHE applying a principal
component analysif26]. The authors noted that somatic symptoms were ubiquitous among
their study subjects but had considerably less weighh@ediagnosis of depression. The core
depressive symptoms in PFEQwere better than somatic symptoms as predictors of depression
[26]. To ensure proper expression and concefigdion of terminologies in local contexts, we

used a standard approach of iterative back translation by panels of bilingual experts (please see

Appendix1).

Schedules for Clinical Assessment in Neuropsychiatry (SCAN) Diagnosis

The SCAN is a semi structured clinical interview developed by the WHO for use by trained
clinicians to assess and diagnose psychiatric disorders among @#i28]. SCAN was
developed within the framework of the WHO and the National Institute of Mental Health

(NIMH) Joint Project on Diagnosis and Classification of Mental Disorders, Alcohol and Related
5



Problemdq27]. The use of SCAN gives flexibility in the diagnosis of mental disdrdsed on
ICD10 and DSMV[27]. The depression module of SCAN has been reported to work well in
different languages and cultures including Ethidi@ig]. Alemet alconducted a clinical
reappraisal of SCAN against a clinical diagnosis by a psychiatrist and found it a feasible and
reliable tool in Ethiopia (percent agreement 93.0 wkdippa=0.80)29]. In the current study we

used SCAN as a reference (or gold) standard.

Depression and Cardiovascular Disease Risk

The gldal prevalence of chronic non communicable diseases, particularly cardiovascular
disease (CVD), is increasing at an alarming rate, with the majority of cases occurring in
developing countrie§l]. The rise in CVD is driven in part by significant changes in dietary
habits, physical activity levels, and increased stress as a result of increase urbanization and
economic developmeni30]. An expanding body of evidence now implicates depression as an
important and prevalent canorbid condition and risk factor for C{B1-33]. Although causal
associations between psychiatric disorders and CVD remain to be more firmly estaltrshed
influences of psychiatric disorders on CVD health promotion, disease control and prevention
are farreaching[31, 32, 34-36]. For example, investigators have reported that individuals with
comorbid diabetes and depression are more likely than individualsdiabetes alone to have
poor glycemic control and consequently to have more severe complications and lower quality
of life [31, 32]. Other investigations have shown that depression is predictive of incident

myocardial infarction and hypertensig@2, 35).



Given (1) emerging evidence of chronic disease burden, particularly CVDsinttone

countries; (2) emerging evidence documentthg influence of psychiatric disorders on incident
and prevalent CVD; (3) limited access to validated mental health screening instruments
designed for use in Ethiopia; and (4) the scarcity of information concerning the prevalence and
severity of depressioand depressive symptoms among Ethiopians, we conducted this study to
assess the psychometric properties of two widely used instruments among urban dwelling
Ethiopians. The results of these analyses are presented in Chapters 2/4stha.gold
standardmight not always be available, we evaluated the psychometric properties of the PHQ
9 against a laynterviewer administered CIDI reference standard. We also evaluated the extent
to which use of suboptimal gold standard biases the estimates and demonstrated

statistical methods can be used to correct the bias and improve psychometric properties of the
PHQO9. The results of this study are presented in Chapter 4. Finally, we evaluated the extent to
which, if at all, depression diagnosis is associated with €isk among a well characterized
occupational cohort of bankers and teachers residing in Addis Ababa. The results of this study
are provided in Chapter Finally, in Chapter 6 we summarize the findings of the studies and

discuss possible future directis.
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ABSTRACT

Background: Depression is one of the leading causes of disability and the largest contributor to
the global burden of disease. In s@aharan Africa, depression often goes undetected and
untreated, in part, due to a lack @hlidated screening and diagnostic instruments. The Patient
Health Questionnair® (PH@) depression scale is a brief questionnaire that may be easily
used by researchers and clinicians in resource limited settings to detect depression.
Objective: Toevaluate the reliability and validity of the PF8epression questionnaire as a
screen for detecting major depressive disorder among Ethiopian adults.

Methods: A total of 926 adults attending outpatient departments in a major referral hospital in
Addis Alaba, Ethiopia participated in this study. We tested construct validity using factor
analysis and by examining associations of BHQores with selfeported quality of life as
assessed using the World Health Organization Quality of Life {Q®IQ Questiomaire. We
assessed criterion validity and performance characteristics against an independent, blinded,
and psychiatrist administered sessiructured Schedules for Clinical Assessment in
Neuropsychiatry (SCAN) interview (i.e., the diagnostic gold standsimt) measures of

sensitivity, specificity and receiver operating characteristics (ROC) curves. Riaaibgd the
Rasch analysis to examine the structure of the PH{Diestionnaire.

Results: Using the diagnostic gold standard, the prevalence of majpratsive disorder (MDD)
was 12.6% (95% Cl 98.1%). The PH® i t ems showed good internal
and test retest reliability (intraclass correlation coefficient=0.92). A principal factor analysis
confirmed a ¥actor structure (depressio), which accounted for a total of 69.8% of the

variance. Quality of life, as reflected in subscale score®tosrWHGQOL domains, was
14



significantly lower among adults classified as depressed on thePtd@pared to those

classified as not depressed. R@nalysis showedhat a PHED threshold score of nine or higher
offered optimal discriminatory power with respect to diagnosis of MDD via the clinical
interview (sensitivity= 79% and specificity 72%). Results of our Rasch analysis of the ®HQ
showed hat the data fit to the stringent Rasch model. In addition, the item and separation
indices otthe PHQ9 were within acceptable range.

Conclusion: The PHEY appears to be a reliable and valid instrument that may be used to detect

major depressive disordeesmnong Ethiopian adults in outpatient health care settings.
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INTRODUCTION

Globally, mental health problems account for 13% of the total burden of disease and 31% of all
years lived with disabilitjl]. Mental health problems in developing countries are largely
overlooked despite their high prevalence, their economic impact on families and communities,
and their contribution 6 longterm disability[2-4]. According to World Health Organization

(WHO) estimategnajor depressive disorder (MDD) is projected to become the leading cause of
disability and the second leading contributor to the global burden of disease by[2D20DD

is associated with decreased quality of life, functional decline, health care utilization, and
increased mortality5-7]. However, its diagnosis and treatment remains low in developing
countries due, in part, to the lack of skilled mental health workers, stigma associated with
mental illness, lack of crossilturally valdated screening and diagnostic instruments, and the

prominence of somatic presentations of mental disordgrs8, 9].

Studies conducted in su®aharan Africa among primary health clinic patients show that 20

30% of such patients present with MDD and other psychiatric disorders as the primary or
secondary reason for seeking medical ddi@. Effective treatment of MDD requires accurate
detection and diagnosid 1], which requires access to and systematic use of valid screening and

diagnostic instruments.

A number of questionnaires are used to screen for MDD in both primary care aedagen
population studies in North American and European sett[dgsl5]. The Patient Health

Questionnaired (PH®9), a brief 9item questionnaire designet detect MDD according to the
16



criteria from the Diagnostic and Statistical Manual for Mental Disorders {VJ016], has been

widely used in clinical and populatidrased studies across the globe as a screening instrument

[14, 17]. Additionally, the PH@ has been endorsed as a valuable tool for the screening and
management of MDIP14]. The instrument can be used to detect MDD (dichotomous), as well

as a continuous symptom score that may be use
responseo treatment[14]. Importantly, the PHE is a brief, freely available, easy to

understard, simple to score questionnaire that can be useful in resource limited settings-of sub
Saharan African countries where administering comprehensive structured orsteroiured

screening instruments can be a challenge.

To date, only three investigatiteams have published studies documenting the psychometric
properties of the PHE used in sutbaharan African populatiof$8-20]; and none of these
studies were conducted in Ethiopia. Ethiopia, with a population of 84 million, is the second
most populous country in suBaharan Africa. The country is undergoing social and economic
changes that are predicted to hadetrimental population level health effects including
increased burden of chronic diseases, particularly among urban dwelling individuals. Although
Ethiopia is one of the world’s oldest civiliz
also oneof the poorest countries and has one of the fastest rates of urban growth in the world
[21]. Ethiopia also represents one of the leading countries of origin for Afhoam immigrants

in the United Statef22]. Therefore, we conducted this study to evaluate the raligband

validity of an Amharic language version of the PH&painst a psychiatristdministered

Schedules for Clinical Assessment in Neuropsychiatry (323 Kferencefyold standard
17



among urban dwelling Ethiopian adults. Specifically, we sought to evaluate the construct and
criterion validity of the Amharic version of PFQor detecting an MDD diagnosis against a

SCAN reference standard administered by a psychiatgstialAmharic. We further sought to

assess the optimal cdff points for discrimination between participants with and without

MDD using the PHQ instrument. Additionally, we evaluated the structure of the PHQ

guestionnaire using a contemporary item passe theory, the Rasch Analysimally, we

conducted a sulgroup analysis to examine the extent to which use of the BHQestionnaire
promotes under or over detection of MDD accor

characteristics

METHODS AND MATERIALS

Study Participants

A total of 926 adults (= 18 years of age) att
Specialized Hospital in Addis Ababa, Ethiopia were invited to participate in the study. Saint Paul
Hospital is a referral and tehing hospital under the Ethiopian Federal Ministry of Health. The

hospital was established to serve the economically underprivileged population, providing

services free of charge to about 75% of its patients. The hospital provides all basic services

acros different departments including: pediatrics, medical, gynecology, neurology, general

surgery, psychiatry, ophthalmology, and emergency medicine. For the purposes of this study

only medical, general surgery and gynecological outpatient departments welteded.
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Data collection was conducted between July and December, 2011. Study personnel included
research nurses with public health training. Prior to the start of the study, research nurses were
trained for four days on the contents of the questionnai#hical conduct of human subjects
research, and data collection techniques. All study participants provided informed consent and
all research protocols were approved by the Institutional Review Boards of Addis Continental
Institute of Public Health, AddAbaba, Ethiopia and the Human Subjects Division at the

University of Washington, USA.

Study Procedures

We used a twestage study design where participants were first interviewed by research nurses
using the PHE questionnaire. On average it took fimenutes to administer and score the

PHQ9 questionnaire. Then, on the same day, participants were interviewed tis§CAN
diagnostic questionnaire by licensed psychiatrists who were blind to®H®Qults. On average

it took 20 minutes to administer th&CAN interview. During the P¥Qnterview, we collected
other general information including demographic characteristics, behavioral risk factors, and
selfreported health statug24]. Additionally we collected information concerning se#ported

quality of life using the WHO Quality of Life (WBOL) guestionnaire.

Screening Test
The PHE is a 9item depression screening and diagnostic questionnaire for MDD based on
DSMIV criteria[14, 25, 26]. The PHE, originally wiiten in English, was translated into

Ambharic (the official language of Ethiopia). To ensure proper expression and conceptualization
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of terminologies in local contexts, we used a standard approach of iterative back translation by
panels of bilingual exper{7, 28]. The translated version was batrtknslated and modified

until the backtranslated version was comparable with the original English vefpiease see

Appendix 1) Each question requires participants to rate the frequency of a depressive symptom
experienced in the two weeks prior to evalu@t. These items include: 1) anhedonia, 2)

depressed mood, 3) insomnia or hypersomnia, 4) fatigue or loss of energy, 5) appetite
disturbances, 6) guilt or worthlessness, 7) diminished ability to think or concentrate, 8)
psychomotor agitation or retardatigrand 9) suicidal thoughts. Scores for each item range from

O (“not at all”) to 3 “nearly every26dTheg ” wi t h
PHQ9 contains one additional item (item 10) which assesses functional impairment, also based
on a three point scale (not difficult at all, somewhat difficult, very difficult and extremely

difficult [14, 25, 26]. We examined several methods of depression screening using th©@PHQ

First we examined the validity based on the total scorehefriine items. Similar to other prior
studies[29], we also examined the lidity using a categorical algorithm. A positive outcome on
categorical algorithm requires that at | east
(suicidal thoughts count if present at all), with at least one of these symptoms being depressed
mood or anhedonia. We also examined the validity of lowering the symptom frequency

threshold in the above scheme to “several day

Diagnostic Interview
The SCAN is a sestructured clinical interview developed by the WHO for use by trained

clinicians to diagnose psychiatric disorders among adi8@s31]. The SCAN diagnostic
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interview, comprised of 28 modules, gives flexibility for diagnosing a number of mental

disorders based on DSMN diagnostic criterif3Q]. Il n this study, we used
depression module. The depression module has been reported to have good psychometric
properties in diverse populations and in multiple langual2s34]. Notably, the Amharic

versionof the SCAN depression module was shown to feasible and reliable tool in Ethiopia
(percent agreement 93.0 with kappa=0.80) among Ethiopiadls On the basis of earlier

reports, we elected to use the psychiatrist administered interview (using SCAN) as the

reference (or gold) standard against which we wowdsttthe reliability and validity of the PHQ

9 as a screening questionnaire for major depressive disorder among Ethiopians.

Two-stage Sample Selection

As noted earlier, we used a twstage design in which all participants who screened positive for
depression on the PHQ questionnaire (i.e., positive on PHX) as well as a randomly selected
sub-group of participants who screened negative for depressi@n, screen negative on PHQ

9), were referred for clinical diagnostic interview. The SCAN diagnostic interview was
conducted,onthe same day, by a psychiatrist who was blinded to the BH@Qestionnaire
outcome. For the purpose of this selection, basedprior literature[14], we defined positive
screening for depression as having a score of 10 or high#redAHQ9. Following the PHQ
interview, a total of 384 participants were invited to participate in the SCAN diagnostic
interview (178 who screened positive on tReIQ9 and 276 who screened negative on the

PHQ9) and 363 of them agreed to do so (94% of selected positive screens and 95% of selected
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negative screens). Those who refused to participate in the diagnostic interview cited reasons

such as lack of time to dofollowup interview with the psychiatrist.

Statistical Analyses

First, we assessed data collection instruments manually for quality and completeness using
range, plausibility, and cros&lidation checks confirming all data were logical. We used Epi
Info software (Version 3.3.2, public access software made available from the U.S. Centers for
Disease Control and Prevention) for data entje performed double data entry for a sample

of completed questionnaires. After data checking and cleaning, entaéa were transferred

to Stata 11.0 software (Statacorp, College Station, TX) for statistical analyses.

Reliability

We assessed reliability using a number of agreement and consistency indices. Specifically,
Cronbach's alpha was computed to assess theriral consistency of items in the PHGcale.
We also computed interclass correlation coefficients to assess thadtest reliability of PHQ

9 total scores among 5% of the study participants who completed two questionnaires on the

same day.

Constructvalidity
We evaluated the construct validity, how the PA@strument measures the underlying
construct (depression)35] using two approaches. First, we completed a factor analysis to

assess whether a singlactor model could be generated amg the nine items of PHQ as
22



reported by otherq36, 37]. Prior to performing factor analysis, we assessed the suitability of

the data for performing factor analysis. This analysis showed that it is appropriptedeed

with factor analysis (Bartl et t-MeyerOldnsnteasard s p he
of sampling adequacy=0.818). We then used the scree plot, presenting the eigenvalues

associated with each factor (or the amount of variance accoufaely each factor), to

identify the number of meaningful factors (shownRmgure 2.%. Factors with relatively large

eigenvalues (eigenvalues greater than one) were assumed to be meaningful and were retained

for rotation. Factors with small eigenvaluegm® not retained. Some investigators have noted

that the PH@ items may be intecorrelated with each other; hence we applied the promax

oblique rotation procedure to estimate factor correlations.

Second, we used the WHQOL questionnaire to evaluateditonstruct validity of the PHQ
guestionnaire. The WHQOLsacross ul t ur al assessment tool that
perception of their position in life in the context of culture and value systems in which they live

and in relation to their goal expectations, standards and concef88]. The instrument has

been widely used globally including in sBBharan Africg38]. In this study we sed the

abbreviated version of WHQOL (also known as WHOQBREF) which has 26 items that cover

four domains: physical health, psychological health, social relationships, and environment. The
overall percentile score for each domain ranges from 0% (veoy)fo 100% (very good). Since

prior research has shown statisticadiignificant associations between depression and quality of

life [20, 39], we hypothesized that lower WHQOLscores would be associated with higher
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PHQO scores. We usefitudent tstest to compare mean WHQOL scores for thse classified

as depressed and not depressed according to the-BldQestionnaire.

Criterion Validity

We assessed the criterion validity by determinihg concordance between the PH)score

and a psychiatrist diagnosis of MDD using the SCAN. We computed the following parameters:
sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, positive predictive
values, and negative pretdive values for the presence or absence of MBQ). Additionally, to
identify the best PHE cutoff score to use in depression screening of Amhgpeaking adults,

we completed receiver operating characteristic (ROC) curve analyses to identify optimal
balance of senskity and specificity, area under the ROC curve (AUC) and its nonparametric
95% CJ40]. Addtionally we calculated the Yaolen Index as an additional metric for cut off
decision4l]. The Youden index is a function of sens
(sensitivity + specificity 1). The range of the index ist® 100 when converted to percentages.
Although thereare not established values of Youden Index, values above 50% are generally

considered acceptable values of diagnostic accuf4gly

Because of cost and time restrictions, we employed as$tage design where a subset of
participants screened with the PH®Qwas assessed by a licensed psychiatrist using the SCAN
depression module. Given the likelihood of referral or verification bias fiarticipants with
positive test results were preferentially referred for the gold standard procedures), we

implemented two analytical strategies to assess and correct for bias introduced as a result of
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our study design. First, we computed the psychorogbroperties of the PH® using missing
completely at random (MCAR) assumptions. For this analysis, all participants with unknown

true depression status (i.e., those not selected for a psychiatrist administered diagnostic
interview using the SCAN depress module) were excluded from analyses. We presented the
results from this analysis, often referred to as naive estima@@s inTable 2.6a. Second, we
evaluated the Begg and Greenes adjusted estimates of psychometric properties. Estimates
generated from this analysis are corrected for verification bias using a Bayes Theorem approach
[40, 43, 44] which applies a missing at random (MAR) assumption. Because it has been shown
that the asymptaeic confidence intervals might be unreliable in validation studies, we calculated
the bootstrapped confidence intervals to render them closer to their expected v@ssThe

results of this analysis are presentedrables 2.6b and2.6c.

Rating Scale Analysis

We performed a Rasch analysis to evaluate the extent to which items from the Amharic version
of the PH®O are reliable and valid in detecting major depressive disorder. We used mean
square infit and outfit values to determine how well individual PHifems fit the Rasch model.

[46, 47]. The infit statistic is aeighted mean square residual value thatriere sensitive to the
unexpected response of an individual ' s abilit
mean sqare residual and is more sensitive to unexpected observations or outliers. High infit

and outfit values reflect under fit or lack of predictability of an item. As a general rule it has

been suggested that mean square infit and outfit values betweerl(hare acceptable fit to

the model[48]. Fit statistics higher than 1.5 and below 0.5 indicate too much and too little
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variation in response patterns and should be considered for rahivgm the instrument to
improve fit. Therefore, in our study, we used mean square infit and oultfit criteria of between
0.7 and 1.40 (more stringent criterion) to test model mipf, 47]. In adition to the (mis)fit of

the data and the model, we also evaluated the person and item or Wright map to evaluate the
hierarchy of the item difficulties. The Rasch analysis was carried out using the Winsteps

Software (version 3.73, Chicago, lllin¢&g].

Validity of PH@9 in Subgroups

Finally, we conducted a stdroup analysis in which we used logistic regression procedures to

examine the extent to which use of the P¥Questionraire promotes under or over detection

of major depressive disordeisavit he di agnostic gold standard a
sociodemographic characteristics (e.g., sex, age, and educational attainmentiystv

compared the demographic charactgtics of those misidentified as depressed according-PHQ

9 (false positives) relative to those who were correcthssified as not depressed using the gold
standard (true negative). We then compared the demographic characteristics of depressed

patients migdentifiedas not depressed by PHI)false negatives) relative to those who were

correctlyclassified as depressed by the gold standard (true positives).

RESULTS
Participant Characteristics
A summary of selected soettemographic and lifestyle characteristics of study participants is

presented irnTable 2.1. A total of 926 participants between the ages of 18 and 69 years (mean
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age=35 years, standard deviation=11 years) participated in the/sfudhajority of participants
were women (61%), married (52.3%) and-gd¢intified as Orthodox Christians (74%).
Approximately 4% of participants reported that they are current cigarette smokers and 9.6% of
participants reported consuming at least 1 alotib beverage per week. Khat consumption (a
green plant with amphetamingke effects commonly used as a mild stimulant for social
recreation and to improve work performance in Ethiopd8, 50]) was reported by 5.3% of
participants. Approximately 44% of participants reported having a fair or poor physical health
status, and 33% of them sekported poor mental health status. Demographic characteristics,
smoking behsior, alcohol consumption, anchkt consumption were similar in all participants

and those who were referred for verification of psychiatric diagnoses.

Distributions of the sookd e mogr aphi ¢ and | i festyle character
MDD status, based on a psychiatrist diagnosis made using the SCAN depression module, are
presented inTable 2.2. A total of 46 patients fulfilled the DSN criteria for MDD when

interviewed by a psychiatrist using the SCAN depression module. Women were more likely to

be diagnosed with MDD (14.4%; 95%CI 1177.51%) than men (6.0%; 95%CI-6.8%). Overall,

participants diagnosed with MDD, as compared with those not diagnosed, were ikelgetb

have lower educational attainment, to be divorced or widowed, and to report poor physical and
mental health status. The prevalence of MDD according to age and sex is presefigeaen

2.1. The prevalence of MDD varied with age among both women and men. Among women the
prevalence of MDD was consistently high (15.7% to 16.4%) between the second and fourth

decades of life (149 years) while among men, MDD prevalence was highest (10.0%g doein
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third decade of life (389 years). As shown Rigure 2.2, PH@O scores were higher among
depressed individuals (median=13;arquartile rangeg51]=10-18) compaed to the non

depressed individuals (median=8; IQR:=2}.

Reliability anditem Analysis

The reliability coef f i c-9tetal $core was B@MBnambngs al pha
women and 0.79 among merijable 2.3). The correlations between nineems of the PHEY

and the total scores ranged from 0.57 to 0.75, and all correlations were statistically significant

(all 2tailed pvalues < 0.01). Depressed mood and feeling bad about oneself were the two most
frequently endorsed items. Conversely, haytrouble falling or staying asleep was the item

least frequently endorsed by study participants. The{etést reliability intraclass correlation

coefficient of the PHE total score was 0.92 (0.91 among men and 0.93 among women).

Construct Validity

The results of the factor analysis showed that a rotated factor solution for the-®rgble 2.

4) contained one factor with eigenvalues greater than 1.0, which accounted for 69.8% of the
variance. Item loadings ranged from 0.39 to 0.Vab(e 2.4). These values suggest that
depressed mood and feeling bad about self were most strongly related to the underlying
construct. For both of these variables the correlation between the item and the construct was
over 0.70. Suicidal thoughts, lethargy and edbnia were the next set of items strongly related

to the underlying construct. For all of these variables the correlations betweer@PHMs
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and the construct were all greater than 0.6he items that loaded least strongly included

trouble falling or taying asleep (0.39) and poor appetite or over eating (0.45)

WHOQOL scores for each domain are indicate@able 2.5. Overall, mean WHQOL scores

for women and men with major depressive disorder were similar for each domain. Across all
domains, mean \MO-QOL scores for those classified as depressed were statistically significantly
lower than those not depressed in the total sample and withinggecific comparisons. For
instance for psychological domaingpticipants with MDD, compared to nesrepressed

individuals were more likely to have lower mean WHIDL scores (42.3 (SD=15.8) versus 60.7

(SD=16.3), 3:001)

Criterion Validity

The psychometric properties of PFQusing MCAR assumptions where all patients with

unknown true depression status were excluded from all analyses are preserieblé2.6a.

AtaPH® score of =29 the sensitivi t-95.5%)m@ad6ls7poe ci f i

(95%CIl: 55:67.5%), respectively.

We next evaluated the psychometric properties of PBQorrecting for verification bias using

the SCAN diagnosis as a gold stand@atlle 2.6b). The optimal cut point for maximizing the
sensitivity ofhe PH@® wi t hout | oss of specificity-9was a
had a sensitivity of 79.0% (95%CI: 68921%) and a specificity of 72.0% (95%CI:-88.9%)

for detecting MDD. The positive predictive value was 21.8% (95%CR@A.8%) for detecting
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major depression on SCAN, and the negative predictive value was 97.1% (95%@38:2%)5
with positive likelihood ratio of 2.8 (95%CI. 348) and a negative likelihood ratio of 0.3 (95%

Cl: 0.20.4)

Using a screening criteria of at leédive PHQ9 symptoms present at least several days or more
over the lastwo weeks, with at least one of the symptoms being a cardinal symptom (i.e.,
anhedonia or depressed mood), was found to be have a lower sensitivity (63.0%) but higher
specificity (79.6%) while providing a positive predictive value of 23.9% and a negatiwipeedi
value of 95.4%. Using the standard R8i€coring—that is, at leasfive symptoms present at

least half the days (suicidal ideation could be present only several days), with at least one being
a cardinal symptomprovided good specificity (78.1) but posensitivity (63.9%)Jsing the 2

item screening method that uses the fitsto DSMIV cardinal symptoms (i.e. anhedonia or
depressed mood) present at least several days or more during the last week provided similar

sensitivity (66.0) and specificity (0.

AnROC analysis was conducted to determine the ®HQtoff score that is optimal for
detecting a diagnosis of major depressiéiggre 2.3). The AUC under the ROC cuiime
detecting MDD at a PH@score of nine or higher was 0.82 (95% CI:-00/86), andthe SE was

0.023 (P<0.0001).

We also evaluated how using the interference with functioning question on the®HQ

impacted its sensitivity and specificity. We found that requiring endorsement of at least
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“somewhat di f fi cultofthe dndorsed depressiversynptents deareaseel s u |
the sensitivity to 73%, but increased the specificity to 75% when using the otinudt (a

PHQ9 score of nine or higher).

Rasch Scale Analysis

Table 2.7 indicates the item fit summary statistics for P#3Qising the Rasch analysis. The item

di fficulties ranged from 58.6 “feeling tired
participants) to 77.0 *“thought oftheftemsmigsfitci de” (
the model according to criteria satprioriwith infit mean square values ranging from 0.81 to

1.24 and outfit mean square values ranging from 0.71 to 1.26. Finally, the separation index of
PHQO9, the ability to discriminate between picipants who were depressed and those who

were not, was within acceptable range.

Validity of PHQ®9 in Population Subgroups

Participants with higher educational status were less likely to be misdiagnosed using tk& PHQ
relative to SCAN diagnosis (ORB¥095%CI: 0.70.97)(please se&able 2.9). No significant
differences in under or over diagnosis of MDD using the-Bk@re noted according to other

sociademographic characteristics.

DISCUSSION
To our knowledge, this is the first validation of an Amd version of the PHQ questionnaire

as a screening tool for major depressive disorder among Ethiopiéuesestimated prevalence
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of MDD (2.6%; 95%CI 916.1%) found in our study of clinic patiefmgsconsistent with those

of previous epidemiologic stlies conducted in suBaharan Africfl8, 19] and among clinic
patients in the U$17]. When compared with a criterion gold standard (psychiatrist
administered SCAN diagnosis), the PHIRas good reliability and fair validity (senstly (79%)

and specificity (72%)) for diagnosing MDD among Ethiopian adults. The internal consistency
reliability was also found to 0&) QGQXROEI | ent
analysis showed that a threshold of nine on the PH®as the met appropriate cutoff and
offered the optimal discriminatory power in detecting MDD. In addition, our study provided
strong evidence for the construct validity of the Amharic version of BlQestionnaire. Finally
the results of our factor analysis revedlunidimensionality with acceptable factor loadings on

a major core depressive factor and adequate item discrimination values. Our findings are
consistent with reports from community based and hospital based studies conducted globally

[14,18, 19, 29, 36, 52-55].

A recent metaanalysis coducted by Maneaet al[56] found the PHE® to have acceptable
screening properties for detecting major depressive disorder forofluscores between 8 and

11. In their pooled analysis, the autlsoreported that specificity estimates summarized across

11 published studies ranged from 73% (95% CI-82%) to 96% (95% CI| 9498%) for a cut

off scores between 7 and 15. The authors also noted substantial variability in the sensitivity for
cut-off scoes between 7 and 15. The sensitivity and specificity of-BkgEported in our study

are consistent with those reported by Manetal [56]. Notably, our study findings are

comparable to what is orted in other developing countries. For instance, Lotrakudl [54]
32
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in their validation study of the Thai version of PRIGGound the optimal cubff score of 9

resulted in a sensitivity of 84% and specificity of 77% when comparadtose administered

Mini International Neuropsychiatric Interview (MINI) reference standard. To date, only three,
investigative teams have published studies documenting the validity and reliability of th®@ PHQ
when used in sudaharan African populatiorfBable 2.8) [18-20]; and none of these included
Ethiopians. Omoret al[20] in their study ofcancer patients in Kenya reported that a Swahili
language version of the PH®was a reliable instrument for depression screening. The authors
reported a correlation coefficent of 0. 71 and a Crotdach’s alp
investigators did not use a reference standard to evaluate criterion validity. Similarly, Adewuya
et al[18], in their study among Nigerian collegidents reported good reliability of the English
versionofthe PH®@ (correl ation coefficient=0.89 and C
Nigerian investigators evaluated the validity of the P#H&gainst a clician administered MINI
which served as their diagnostic reference (gold) standard. The investigators reported high
validity for the PHEQ compared with the DSNV diagnosis for MDD (sensitivity=0.84,
specificity=0.99, AUC=0.99; 95% CI-01980)[18]. It is important to note, howesr, that due to

its highly structured nature, the MINI is typically regarded as a useful screening instrument
instead of a diagnostic gold standd&¥]. Thus it is possible that the psychometric properties
reported by Adewuyat al, may be biased. Finally, results from a recent study of HIV/AIDS
patients in Western Kenyd 9] indicated that the PHEQ may be a reliable instrument for
assessing DSW depressive disorders. The investigators reported good internal consistency

( Cr o n b &a=0B.78sandcasbnpewhat lower testtest reliability (correlation

coefficient=0.59) in comparison to previous studies. The investigators did not assess the
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criterion validity of the PH@. Of the three, only one study translated the RBI@strument

into local dialect (Swahil[R0]. Our testretest reliability of 0.92 for PHQ total score is

excellent. Thissibetter than the three African studies and is comparable to what is reported
among US outpatient samplgk7]. Despite differences in population characteristics, sample
size, and study settings, on balance, the findings of our study and those of (1Be2§)]
consistently document the validity, reliability and potential benefits of using the-BldQa
depression screening instrument among stéharan Africans. By employing rigaso
methodological approaches, including using a psychiatrist administered objective diagnosis for
major depressive disorders, and implementation of multiple statistical analytical methods that
accounted for verification bias and other potential limitatipsir study adds important new
information to the sparse research literature concerning the reliability and validity of screening
that may be used to detect depression among-8dharan African populations, particularly

Ethiopians.

Another important poit that merits consideration is at cudff score of 9 the PH®Q yielded low

PPV (21.8%) and high NPV (97.1%). A low PPV may indicate lower specificity, lower disease
prevalence in the population undergoing screening, or a combination of these f§4@rén

this study, reslts may come from both low specificity (72%) and low disease prevalence (9.0%).
Notably, PPV and NPV are not measures of intrinsic accuracy of a test; rather they are functions
of both the intrinsic accuracy and the prevalence of a condition. The pobkeldood ratioof

PHQ9 was 2.8 and the negativi&elihood ratiowas 0.3 This means that clinically in a similar

outpatient settings, patients with MDD are 2tignes as likely to have a positive test on R8IQ
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(cutof f score = 9) wtoompRD. SidilariypatienpsavithoueMbD are3.3
(1/0.3) timesmore likely tobe screen negativen PH®@9 ascomparedwith patients without

MDD.

Several investigators have noted that the RBI@ems may not accurately capture all
components of MDIM6, 47] in particular cultural contexts. Hence, in this study, we used the
Rasch analysis to corroborate the evidence suggesting thePgi@stionnaire is a reliable and
valid measure of MDD diagnosis. The results of our Rasadiisss did not detect item misfit
using the mean infit and outfit square criteria seprior. However, of the PHQ items, we

found that feeling tired or having little energy was easier to endorse (understand) while the
guestion about suicidal thoughts was the most difficult to endorse. We do not have a clear
explanation for thislt is possibléhat there may be cultural values and factors, such as stigma,
that impact endorsement of certain depressive symptoms. This question warrants future
research Another important point is one of the doublgarreled items (with polaopposite
sympt omsd)i s“tsurebeapnce” had the highestetalnfit i nd
[46], in their study among spinal cord injury patients, including items that contain polar
opposite symptom descriptions might be confusing for some subjects and couldtithpac
psychometric properties of the PH@J46]. Investigators were able to improve the
psychometric properties of the PH®by splitting items and removing those that misfit the
Rasch modgM6, 58]. Future studies need to evaluate misfitting among patients of different
subgroups. Evaluating the extent to which, if at all, splitting items improves psychometric

properties is also warranted.
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The PHED has been reporté to have a single factor in previous studjd]. Our exploratory

and confirmatory factor analyses showed that a single factor moxisteamong the nine items
of the PH®@ among Ethiopian adul{87]. This finding is consistent with prior studies that
showed a single factor structure of the P9Q@cross participants among Chine&é&jcan
Americans, and NoerHispanic White§36, 52]. Our study results showed that depressed oo
and feeling bad aboutneself were most strongly related to the underlying constraateeting
DSMIV diagnostic criteria for depression. For both of these items the correlation between the
item and the construct was over 0.70. This means that more th&f 60the variance of these
items is related to the construct underlying these items (depression). It is important to note
that depressed mood is one of the cardinal symptoms of depression, while feeling bad about
self is a secondary diagnostic symptom. Olservations showing strong correlation between
the cardinal symptom and the underlying construct is in agreement with prior repb@isA

study conductecamong Nigerian army personnel found that factor analysis of-Rltghave
acceptable loadings (ranging from 0.43 to 0.B%. Similar findings were reported by
Monahanet al[19]. Collectively, our study results atitbse of otherd36, 37] support the

thesis that a singl#actor structure for the PH@ depressive symptoms can be generalized to
many different populationsmportantly, the PHED depression questionnaire appears to be a
reliable screening instrument with fair validity for idéging DSMIV MDD in sutbaharan

African populations.
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Major strengths of our study include the use of a clinical diagnostic gold standard to assess
validity, the large sample size, and execution of a rigorous analytic plan that assessed the
magnitude andmpact of biases on indices used to evaluate the psychometric properties of the
Ambharic version of the PH@questionnaire. Using rigorous methodological approaches and a
psychiatrist administered objective diagnosis; we were able to overcome some of the
previously noted methodological limitations of other studies conducted among African
populations. Our study expands the literature by including assessment of an Amharic version of
the PHQO that may be used in one of the most populous countries in Af8ome caveats,
however, must be considered when interpreting the results of our study. First, our study was
conducted in an urban hospital; therefore, the result may not be generalizable to populations in
rural and remote areas. In addition, our study wiasited to adults. There is increasing

evidence that adolescents are particularly affected by depressive disorders and thus future
studies must evaluate the psychometric properties of the FHghen used in these specific
populations[60]. Second,isce the PHEY questionnaire and the SCAN diagnostic interview
were conducted during the same day, it is possible that the shoe interval between the two
interviews administration created carryover or recall effects and increased the religbiljty

The consistency of our study findings with those of other stuf8s59] and the psychometric
properties of other reliability measures, in pamitigate this concernThird, the PHE® does

not make exclusions for physically induced symptoms. Consequently, we cannot rule out the
possibility that our study included some participants with depressive symptoms secondary to
physical illnesses and/onedical effects. The inclusion of such participants would lead to

spuriously elevated prevalence estimates of major depressive disorder. Finally, there is some
37



body of evidence that suggests the importance of incorporating a mixed method approach
where aninitial qualitative exploration is conducted to assess the existence and nature of
depressionlike syndrome in the local context and to use the data obtained from the qualitative
approach to adapt the depression assessment {6&164]. This approach is typically used for
validating mental health screening instrument in Rdfestern settings where research has not
determined if Western models appl$2-64]. Prior validation studies conducted in Ethiopia that

haveassessed the use of DSM constryéts, however, serve to mitigate these concerns.

Several mental health advocates have suggested theatieg of mental health in to primary
health care to adequately address the burden of mental disorders in low and middle income
countries[66]. One of theprimarychallenges for such integration has been the lack of \zadu

easy to administer screening tools to detect the presence of mental disorders in primary care
settings.Introducing brief screening instruments such as the FPH®Quld be one solution to

the problem.Indeed, improving the recognition of depressiorciimical populations in low and

middle income countries can be accomplished by the successful adaptation of depression
screening instruments and diagnostic approaches from high income country settings into settings
with few resources and weaker health s$is[67]. The benefits of having well characterized,
reliable and valid screening instruments like the PHIQ low income and resource limited

clinical and research settings are potentially far reach@8y69]. Though depression screening
alone is insufficient for addressing growing mental health care needs in low and middle income
settings, given depression is the leading contributor to gldheden of diseases having a valid

screening /diagnostic instrument is an important first step towards addressing a major public
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health problem. There are cost effective intervention programs for depression in low income
countries where valid screeningsinuments could be used to identify appropriate participants
[70-72]. Importantly, early identification and proper treatment can significantly reduce the
adverse impact of depressioNlonitoring depressive symptoms using simple screening
guestionnaires like PHQthat is brief, acceptable, and easy to administeg.(eself

administration, nurse administration or interactive voice recording) is an important component
of effective mental health treatmeri73]. Recently, the Ethiopian Federal Ministry of Health
released its first NationaMental Health Strategy that outlines integrating mental health
services into Primary Health Care, one of the most widely recommended approaches by the
WHO[74]. As part of this national strategy, physicians, health officers and nurses are provided
training to provide brief psychosocialterventions and prescribe psychotropic medications.

The systematic use of PHIJnstruments in the context of outpatient hospitals allows for the

early detection of MDD.

In conclusion, the PHQis very brief, as well as easy to administer and interguetstionnaire.
These are advantageous for use in resowrorstrained settings like Ethiopia. Our results
demonstrated that PHE appears to be a reliable and valid instrument to identify EISM
major depressive disorder among Ethiopian adultéufe studies should assess the
responsiveness and sensitivity of RBI treatment in Ethiopian patients. In addition it would
also be useful to determine what constitutes a minimal clinically important change in th® PHQ

score.
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Table 2.1—Characteristics of the entire study population (N=926), and those selected for
psychiatrist diagnostic interview (N=363)

All Diagnostic Interview
Characteristic N=926 N=363
n % n %

Mean age (years) 35.1+1.7 34.9+11.6
Sex

Women 568 61.3 229 63.1

Men 358 38.7 134 36.9
Marital status

Married 486 52.5 186 51.3

Never married 293 31.6 109 30.0

Other 147 15.9 68 18.7
Education

< Pri figeary) (1 400 43.2 169 46.6

Secondary (12 years) 322 34.8 124 34.2

College graduate 204 22.0 70 19.3
Religion

Orthodox Christian 692 74.3 278 76.6

Protestant 122 13.2 48 13.2

Muslim 98 10.6 31 8.5

Other 14 1.5 6 1.6
Smoking status

Never 802 86.6 310 85.4

Former 88 9.5 41 11.3

Current 36 3.9 12 3.3
Alcohol consumption past yea

Nondrinker 528 57.0 209 57.6

Less than once a month 309 33.4 119 32.8

> 1 day a we 89 9.6 35 9.6
Khat consumption

None 679 73.7 261 71.9

Former 198 21.4 89 24.5

Current 49 53 13 3.6

"Mean * standard deviation (SD)
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Table 2.2—Characteristics of the study population according psychiatrist diagnosed major

depressive disorder status

Depressed Non-depressed
Characteristic N=46 N=317 P-value
% %
Age (years), Meat SD 33.7+9.6 35.1+11.9 0.448
Sex
Women 80.4 60.6 0.001
Men 19.6 39.4
Marital status
Married 36.9 53.3 <0.001
Never married 28.3 30.3
Other 34.8 16.4
Education
< Priary (1 52.2 45.7 0.425
Secondary (-42) 304 34.7
College graduate 17.4 19.6
Smoking status
Never 78.3 86.4 0.329
Former 174 104
Current 4.3 3.2
Alcohol consumption past year
Non-drinker 73.9 55.2 0.060
Less than once a month 21.7 34.4
> 1 day a week 4.4 10.4
Khat chewing
None 69.6 72.3 0.623
Former 2.2 3.8
Current 28.2 23.9
Selfreported physical health
Excellent/very good/good 36.9 47.9 0.002
Poor/fair 63.1 52.1
Selfreported mental health
Excellent/very good/good 34.8 56.2 0.007
Poor/fair 65.2 43.8
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Table 2.3—PHQ-9 item level values and item-total correlations

Corrected item-total Alpha if item
PHQ-9 item correlation deleted
Little interest or pleasure in doing things
0.62 0.77
Feeling down, depressed, or hopeless
0.74 0.75
Trouble falling or staying aslee
g ying asieep 0.52 0.79
Feeling tired or having little ener
g g %y 0.64 0.78
Poor appetite or overeatin
Ppet vereating 0.54 0.79
Feeling bad about self
0.72 0.75
Trouble concentrating
0.56 0.78
Moving or speaking slowl
g or speaking SIlowly 055 0.78
Thoughts of being better off dead
"9 g 0.64 0.77

*QOverall Cronbach’s alpha = 0.81
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Table 2.4—Factor analysis of depressive symptoms using the PHQ-9 questionnaire

Factor Loadings

Depressive symptoms Factor 1
Little interest or pleasure in doing things 0.55
Feeling down, depressed, or hopeless 0.78
Trouble falling or staying asleep 0.39
Feeling tired or having little energy 0.57
Poor appetite or overeating 0.45
Feeling bad about self 0.72
Trouble concentrating 0.48
Moving or speaking slowly 0.51
Thoughts of being better off dead 0.58
Eigenvalue 2.96
% Variance 69.8
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Table 2.5—Mean WHO quality of life scores according to PHQ-9 questionnaire determined
MDD disorder status by domain

. . Scored high for depression on PHQ-9
Quality of life assessed

by Domain Yes (n=300) No (n=626) P-value

Mean score SD Mean score SD
Physical 44.6 12.7 54.0 12.9 <0.001
Psychological 42.2 15.8 60.7 16.3 <0.001
Social relationships 52.5 23.7 67.4 21.4 <0.001
Environmental 34.3 14.8 44.9 15.3 <0.001

* A score o 9 on PH@ questionnaire was used as cutoff to indicate major depressive
disorder (MDD)
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Table 2.6a—Sensitivity and specificity for MDD diagnosis across various cut-off points of the PHQ-9 by sex—naive estimates

Sensitivity Specificity Youden LR+ LR- PPV NPV
(95% Cl) (95% CI) Index (95% Cl) (95% CI) (95% CI) (95% Cl)
All participants
Scor e >904(82.6955) 61.7 (55.667.5) 52.1 2.6 (2.02.8) 0.2(0.10.3) 45.2(38.852.6) 94.9(90.597.6)
Scor e >86.2(77.5924) 67.3(61.372.9) 53.5 2.6(2.23.2) 0.2(0.10.3) 47.9(40.255.7) 93.3(88.896.4)
Scor e > 787(69.186.5) 74.0(68.379.1) 52.7 3.4(3.03.9) 0.3(0.20.5) 54.3(45.363.2) 89.4 (84.893.0)
Women
Scor e >901(80.795.9) 62.0(54.669.6) 52.1 2.4(1.929) 0.2(0.10.3) 51.0(42.560.7) 93.3(86.797.3)
Scor e >859(75.6930) 68.4(60.575.5) 54.3 2.9 (2.53.5) 0.2(0.10.4) 55.0(45.264.4) 91.5(85.095.9)
Scor e >817(70.789.9) 72.2(64.579.0) 53.9 2.9(2.239) 0.3(0.10.4) 56.9 (46.766.6) 89.8 (83.194.4)
Men
Scor e >913(72.98.9) 61.3(51.570.4) 52.6 2.4(1.83.1) 0.2(0.10.5) 32.8(21.e45.7) 97.1(90.199.7)
Scor e >870(66.497.2) 65.8(56.274.5) 52.8 25(1.934) 0.2(0.1-0.6) 34.5(22.548.1) 96.1 (88.999.2)
Scor e > 696(47.186.8)  76.6 (67.684.1) 46.1 29(1.94.6) 0.4(0.20.7) 38.1(23.654.4) 92.4 (84.996.9)

"Naive estimatesalculatedusing missing completely random assumptioR:+: positive likelihoogtio, LR: negative likelihood ratio, PPV:

positive predictive value, NP¥egative predictive value



Table 2.6b—Verification bias corrected” sensitivity and specificity for MDD diagnosis across various cut-off points of the PHQ- 9 by

sex

Sensitivity Specificity Youden LR+ LR- PPV NPV
(95% Cl) (95% Cl) Index (95% Cl) (95% Cl) (95% CI) (95% Cl)
All participants
Scor e= 79.0(68.289.1) 72.0(68.574.9) 51.0 28(2.43.3) 0.3(0.204) 21.8(17.526.8) 97.1(95.598.2)
Scor e> 71.1(61.283.9) 76.6 (74.879.5) 47.7 3.0 (2.53.6) 0.4 (0.30.) 23.0 (18.328.6) 96.4 (94.797.6)
Scor e> 575(41.672.0) 79.8(78.881.5) 37.3 2.8(2.33.5) 0.5(0.40.7) 23.5(18.429.5) 94.5(92.595.9)
Women
Scor e>787(67.7886.9) 71.5(67.475.2) 50.2 2.7(2.33.3) 0.3(0.20.5) 26.5(20.833.1) 96.3 (93.897.6)
Scor e> 70.2(58.679.2) 75.6(71.179.2) 45.8 29(2.33.6) 0.4(0.30.6) 28.1(21.935.2) 94.8 (92.296.6)
Scor e> 59.1(47.569.8) 77.6(73.681.4) 36.7 2.6 (2.03.4) 0.5(0.40.7) 27.6(21.135.2) 92.9 (90.895.0)
Men
Scor e> 784 (52.90.4) 73.7(68.978.1) 52.1 29(2.123.9) 0.3(0.10.7) 12.4 (7.420.0) 98.5(96.199.4)
Scor e> 76.9(50.589.8) 78.2(73.582.2) 55.1 3.4(2.448) 0.3(0.20.7) 13.8 (8.122.6) 98.5(96.399.4)
Scor e> 526 (31.#72.7) 82.6(78.186.2) 35.2 3.0(1.84.9) 0.6(0.40.9) 14.5 (8.124.7) 96.9 (94.198.3)

" Begg and Greenes adjusted estimatés®+: positive likelihood ratio, ::Regative likelihood ratio, PPV: positive predictiadue, NPV:
negative predictive value

56



Table 2.6c—Sensitivity and specificity for MDD diagnosis using different PHQ-9 screening criteria

Sensitivity Specificity LR+ LR- PPV NPV
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
Naive estimates
PH@Q9 score =9, 783(63.689.1) 64.0(58.569.3) 2.1(1.82.7) 0.3(0.20.6) 24.0(17.431.6) 95.3(91.597.7)
cardinal sympt
At least 5 symptoms 50.0 (34.965.1) 84.2(79.788.1) 3.2(2.24.7) 0.6 (0.40.8) 31.5(21.143.4) 92.1(88.2094.9)
scored = 2, ai
cardinal symptom
At least 5 symptoms 89.1 (76.496.4) 42.9(37.4486) 1.6(1.41.8) 0.2(0.10.6) 18.5(13.624.2) 96.5(91.998.8)
scored = 1, ai
cardinal symptom
At least one cardinal 78.3 (63.689.1) 54.9(49.260.5) 1.7 (1.42.1) 0.4(0.20.6) 20.1(14.526.7) 94.6(90.297.4)
symptom scor ec
Verification bias corrected estimates
PHQ9 score =9, 630(45977.2) 79.6(76.081.8) 3.0(2.53.7) 0.5(0.30.6) 23.9(18.929.8) 95.4(93.596.7)
cardinal sympt
At least 5 symptoms 35.8 (24.249.3) 90.5(88.192.5) 3.8(2.75.3) 0.7 (0.60.8) 31.6(23.840.6) 90.7 (88.692.5)
scored = 2, ai
cardinal symptom
At least 5 symptoms 78.1(58.689.9) 63.9 (59.866.7) 2.2(1.82.5) 0.3(020.5) 18.4(14.822.6) 96.5(94.697.7)
scored = 1, a i
cardinalsymptom
At least one cardinal 66.0 (50.679.0) 70.0(66.372.9) 2.1(1.82.6) 0.5(0.30.6) 20.1(16.124.8) 94.6(92.596.1)

symptom scor e

*LR+: positivéikelihood ratio, LR negative likelihood ratio, PPV: positive predictive value, MB¥ative predictive value
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Table 2.7—Item fit statistics and misfit order for the four category of the PHQ-9 questionnaire
using the Rasch Analysis

Fit statistics

PHQ-9 item Measure Infit mean Outfit mean
square square
Low energy -0.83 0.98 1.04
Anhedonia -0.37 0.93 1.03
Depressed mood -0.34 0.81 0.74
Feelings of worthlessness or guilt -0.04 0.83 0.71
Appetite disturbances -0.02 1.17 1.23
Sleep disturbances 0.06 1.29 1.26
Trouble concentrating 0.18 1.23 1.15
Psychomotor agitation/retardation 0.65 1.15 0.96
Suicidal thoughts 0.72 1.04 0.78
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Table 2.8—Summaries of epidemiologic studies examining validity of the PHQ-9 in sub-Saharan Africa

Country

Participants

Language used

Diagnostic
Interview

Study Findings

Omoroet al
(2006)

Monahanet al
(2010)

Adewuyaet al
(2006)

Kenya

Kenya

Nigeria

Cancer
patients

HIV/AIDS
patients

College
students

Swabhili

English

English

None

None

Mini International
Neuropsychiatric
Interview (MINI)

The Swahili language of PHQvas found to be a reliable
instrument for depression screening (correlation
coefficient=0.71 and Cron

Criterion validity was not established using a gold stand:

ThePH® was found to be rel
alpha=0.78) instrument but with low test retest reliability
(correlation coefficient=0.59).

Criterion validity was not established using a gold stand:

ThePH® was noted to have g
alpha=0.85) and psychometric properties (sensitivity=0.¢
specificity=0.99) pared to MINI

Definitive clinical diagnogt interview such as SCAN or S(
was not used as reference standard
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Table 2.9—Sensitivity and specificity for MDD diagnosis by educational status

Sensitivity

Specificity

Niave Estimates

<

v

Hi gh School

Coll ege

Verification Bias Corrected

<

v

Hi gh School

Coll ege

92.1 (78.698.3)

75.0 (34.996.8)

75.4 (56.987.6)

72.7 (50.589.8)

50.6 (44.356.9)

66.1 (53.077.7)

78.6 (76.482.5)

80.6 (73.885.9)
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Table 2.10—Results from hypothetical screening program with 100 patients, prevalence of depression 15%

SCAN Diagnosis

True positive True negative
PHQ-9 positive 12 24
PHQ-9 negative 3 61
Total 15 85
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Figure 2.1—Prevalence of major depressive disorder according to sex and age
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Figure 2.2—-Distribution of PHQ-9 scores according to major depressive disorder status

Non-Depressed Depressed

30

20

10

Box plots comparing PH&scores among those classified as having major depressive disorder
(right side) and those without depression (left side) based on psychiatrist diagnosed major
depressive disorder using the SCAN depression module. The centraldvex tbie data

between the upper and lower quartiles, with the median represented by the middle line. The
“whiskers” (lines on either side of central
distance of 1.5xIQR (interquartile range) away or thestrextreme data point within that

range, whichever is smaller.
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Figure 2.3—Receiver operating characteristic (ROC) curve of PHQ-9 compared with gold
standard SCAN for MDD diagnosis.
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Verification Bias Adjusted Naive Estimates

AUC= 0.82(95%Cl: 0.78-0.86) AUC=0.77 (95%Cl: 0.68-0.85)

SE=0.0237 SE=0.043

P (Area=0.5)= <0.0001 P (Area=0.5)<0.001

The receiver operation characteristics (ROC) cuiv@lot of sensitivity andl-specificity) across all

possible PH@ score threshold values for diagnosis of MDD in comparison with the gold standard. The
better the diagnostic accuracy is, the closer an ROC curve is to the upper left corner of the square. The
area under the ROC e (AUC) is a single summary diagnostic accuracy number stating that the
probability that a randomly selected patient with MDD has a greater test result than a randomly
selected patient without MDD. The AUC ranges from 0.5to0 1.0
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Figure 2.4—Study flow chart

PHQ Quest

926
PHQ-9 Screen Scr eveen
auestionnare (2 10) 258 668
70% l 30% \
Diagnostic 178 206
interviews referral
95% \ 94% l
SCAN diagnostic 169 194
interviews
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Figure 2.5—Scree plot of PHQ-9 questionnaire items

Scree plot of eigenvalues after factor

0 2 4 6 8 10
Number

A screeplot is a graph plotting each eigenvalue associated with the facteatthrs with
relatively large eigenvalues (greater than one) are assumed to be meaningful and retained for
rotation. Factas with small eigenvalues(less than one ) are not retained.
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Figure 2.6—Wright map for Amharic version of PHQ-9
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Chapter 3

Diagnostic Validity of the Composite International Diagnostic Interview
(CIDI) Depression Module in an East African Population
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ABSTRACT

Background: Unipolar depression is one of the leading causes of disability worldWioleever,

its recognition and treatment remains low in developing countries, in part, due to lack of cross
culturally validated measure3 herefore, we conducted a validah study of the structured
Composite International Diagnostic Interview (CIDI) in diagnosing current major depressive
disorder (MDD) among Ethiopian adults.

Methods: A sample of 926 patients attending a major referral hospital participated in this
diagnastic assessment study. We used a two stagely design where participants were first
interviewed using an Amharic version of the CIDI and a stratified random sample underwent a
follow-up semistructured clinical interview conducted by a psychiatrist, ddid to the

screening results, using the Schedules for Clinical Assessment in Neuropsychiatry (SCAN)
instrument. We tested construct validity by examining the association of the CIDI and World
Health Organization Quality of Life (WHI®DL) questionnaire. Wealculated the psychometric
properties of the CIDI using the SCAN diagnostic interview as a gold standard.

Results: We found that the Amharic version of the CIDI diagnostic interview has good internal
reliabil ity ( CramonygEhiopiansdtsaCompar@dto the.SEAN)reference
standard, the CIDI had fair specificity (72.2%) but low sensitivity (51.0%). Our study provided
evidence for unidimensionality of core depression screening questions on the CIDI interview
with good factor loadings onrmaajor core depressive factor.

Conclusion: The Amharic language version of the CIDI had fair specificity and low sensitivity in

detecting MDD compared with psychiatrist administered SCAN diagnosis. Our findings are
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generally consistent with prior studiess&of fully structured interviews such as the CIDI for

MDD diagnosis in clinical settinggylead to under detection of DSW MDD.
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INTRODUCTION

Mental health problems in developing countries are largely overlooked despite their high
prevalence, theiadverse economic impact on families and communities, and their contribution
to longterm disability[1-3]. By 2020 major depressive disorder (MDD) is projected to become
the leading cause of disability and the second leading contributor to the global burden of
diseasdq4]. However, its recognition and treatment remain low in developing countries due to
challenges such as a shortage of skilled mental heatitkers, stigma associated with mental
illness, lack of crossulturally validated measurement tools, and the prominence of somatic

presentations of mental disorde(8, 5, 6].

The Composite International Diagnostic Interview (CIDI) is a fully standardized structured
diagnostic interview designed for assessment of mental disorders byettd@ty interviewers.

The CIDI, developed by the World Health Organization (WHO) , is wisel\as a research
diagnostic interview to obtain information about the prevalence and correlates of mental
disorders from large community samples in different coigs [7-10]. A number of studies have
demonstrated the validity of the CIDI diagnostic assessment against a trained clinical
interviewer[7, 9]. Since its developmenthe instrument has been widely used in community
based and health care settings worldwide. The first version of the CIDI did not adequately and
consistently measure risk factors, consequences, patterns and correlates of mental health
problems[9]. It also had some methodological limitations including complexity of questions and
instructions, which hindered its application in cross cultural settj@jsCognizant of these

limitations the WHO charged a multinational CIDI Editorial Committee to test the instrument in
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many different countries andstablished the WHO World Mental Health (WMH) Survey

Initiative in 1998. Since then the CIDI has gone through a number of revisions to make the
diagnostic sections in accordance with the DBMand International Classification of Diseases

10" edition (ICB10) systems. The CIDI is currently the most widely used fully structured
diagnostic interview in psychiatric epidemiologic resed@ihin 1993 a group of investigators
assessed the feasibility and acceptability of an Amharic language translated the CIDI version 1.0
among residents of Addis Ababa, iBia[11]. The primary purpose of their study was to

assess feasibility and acceptability of the instrument. However, the diagnostic validity (clinical
appraisal) of the intsument against a gold standard has not been establididfl The new

version of the CIDI (version 3.0) has been used in Nigeria and South Africa as part of the WMH
survey[12-14]. To date, however, there is no published literature repg the validity of the

CIDI version 3.0 in stfBaharan Africa. This study aims to address this gap in the literature by
evaluating the validity and reliability of the CIDI version 3.0 for detecting depression among
adults in Ethiopia, the second mostgdous African country, using a psychiatrist administered

Schedules for Clinical Assessment in Neuropsychiatry (SCAN) reference (or gold) standard.

METHODS AND MATERIALS

Study population

Adults (=2 18 years of age) attending outpatie
Hospital in Addis Ababa, Ethiopia were invited to participate in the study. The hospital is the

second largest public hospital in Ethiopia and serves as a reéewaleaching hospital. The

hospital was established to serve the economically underprivileged population, providing
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services free of charge to about 75% of its patients. The hospital provides all basic services
across different departments including pedias, medical, gynecology, neurology, general
surgery, psychiatry, ophthalmology, and emergency medicine. For the purposes of this study
only the medical, general surgery and gynecological outpatient departments were invited to
complete an interview whera trained research nurse interviewer administered the CIDI
instrument in a private room. During this interview other general information were collected
including sociedemographic characteristics, quality of life, and $efforted health status.
Participants were also asked nine depression screening questions from the Patient Health
Questionnaire (PHQ)[15]. The items were selected correspotudthe criteria for the

diagnosis of MDD based on D$W[16]. Those who screened positive for depression on initial
interview (i.e., positive on PH@), as well as a randomly selected sgroup of partigpants who
screened negative for depression (i.e., screen negative on®hi@re invited for a diagnostic
interview with a psychiatrist who was blinded to the CIDI and BrQeening outcome. This
psychiatristadministered SCAN diagnostic interview waspteted after the initial CIDI

interview within the same day.

Study Design

The study followed a twatage design in which study participants first underwent a structured

interview using the CIDI. Subsequenthiatlist part.i

administered diagnostic interview using the SCAN instrument.
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Study Procedures

The data collection was conducted between June and December 2011. Research nurses were
recruited and received structured training on administration of the CIDI dtsAdontinental
Institute of Public Health. The training program was similar to the one that the principal
investigator attended at the Social Survey Institute at the University of Michigan (WHO Training
Center). In addition to the structured training ceerfor the interviewers, iteny-item

description of questionnaires and role plays were used further by two days of debriefing and
review after each interviewer had done at least three practice interviews. To etiseifeghest
possiblequality ofcollected data, interviewers werg@rovided strict orsite supportive
supervisiorwhile in the field. All paper and pencil recorded questionnaicdlected manually

were entered using Blaise version 4.6 (Statistics Netherlands), which contained the entire
WMH-CIDI algorithm along with an automatic checking mechanism to identify item omissions

and unusual responses.

Composite International Diagnostic Interview (CIDI version 3.0)

We used the depression and mania modules of the CIDI 3.0 to diagnose MDD. The CIDI
interview, designed for administration by trained lay interviewers, includes three screening
guestions(known as STEMpout sadness/depressed mood, feelingslscouragement, and

loss of interest lasting several days or longab(e 3.6). Participants who endorsed any of the
three questions weradministeredthe depression module. Those who failed to endorse any of
the three STEM questions were skipped outhaf depression moduledn averageit took 25

minutes to administer theCIDlinterview. In accordance with DSIW criteria, we defined MDD
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as the presence of five out of nine depressive symptoms that persist for two weeks or longer,
are present for most othe day nearly every day, and cause significant distress or impairment.
These symptoms include dysphoric mood or anhedonia (cardinal symptoms) that persist most
of the day, and clinically significant weight gain/loss or appetite disturbance, insomnia or
hypersomnia, psychomotor agitation or retardation, fatigue or loss of energy, feelings of
worthlessness or excessive guilt, diminished ability to concentrate or think clearly, and
recurrent thoughts of death or suicide. For the purposes of this validatiody, we defined

current MDD as experiencing MDD in the past 12 months without plausible organic causes and

without history of mania or hypomanid, 9].

Schedules for Clinical Assessment in Neuropsychiatry (SCAN) Diagnosis

The SCAN is a semi structured clinical ineav developed by the WHO for use by trained
clinicians to assess and diagnose psychiatric disorders among @ddli8]. The SCAN was
developed within thdramework of the WHO and the National Institute of Mental Health

(NIMH) Joint Project on Diagnosis and Classification of Mental Disorders, Alcohol and Related
Problemdq17]. The use of the SCAN gives flexibility in the diagnosis of mental disorders based
on ICD10 and DSMV[17]. The depressed mood and ideation module of SCAN has been
reported to work well in different languages and cultures including Ethid@h For the

current study, we used SCAN administered in Amharic as a reference (or gold) st@mard.
average it took0 minutes to administer the SCAN interviesl SCANterviews (and

diagnoses) were conducted without knowledge of the results of initial CIDI interviews.
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World Health Organization Quality of Life Questionnaire

TheWHO Quiality of Life questionnaire (WHIDLY20] is a crossultural assessment tool that
captures an individual'’'s perception of their
systemsn which they live and in relation to their goals, expectation, standards and concerns
[20]. In this staly we used the abbreviated version of WAL (also known as WHOQOL
BREF) which has 26 itemsross four domaing hephysical domain consists qtiestions about
daily activities, dependence on medication and treatmemergy and exhaustion, mobility,

pain and discomfort, sleep and rest, acapacity to work. The psychological domain consists of
guestions about positivand negative feelings, sedlsteem, body image and external image,
personalbeliefs, and attention. The social relationships domainststs of questionabout
relationships with others, social support, and sex life. The environmdotahin of the scale
consists of questions about the home environment, physealrity and safety, financial
resources, availability of health servicesslgeactivities, physical environment, and

transportation.The overall percentile score for each domain ranges from 0% (very poor) to

100% (very good).

Statistical Analysis

Completed data collection instruments were assessed for quality and completddatssfrom

CIDI 3.0 paper and pencil interview (PAPI) were entered using direct data entry (DDE) software.

After data checking and cleaning, the data were transferred to Stata 11.0 software (Statacorp,

College Station, TX) for analyses. Standard descrgpti st at i sti cs was perfor
characteristics were summarized using means (z+ standard deviation) for continuous variables
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with symmetric distribution and median (interquartile range) for variables with-normal
distribution and counts and peentages for categorical variables. Variables with skewed
distributions were transformedsingthe natural logarithm and summarized using medians

(interquatrtile range).

Diagnostic Validity Measures

We assessed the construct validiyhich is defined as how a test measures the underlying
construct of depressiof21], on the total sample (N=926) using two apacbes. First, we used
exploratory factor analysis (EFA) to assess the factor structure of the symptoms of depression.
Promax oblique rotation was performed because depression symptoms may beantetated

with each other. The number of factors to extracas determined by using the criterion of
eigenvalue greater than one and the scree plot (shown in Appendix 2). Next, we used the WHO
QOL guestionnaire to assess the associations between depression and qualityTaf féet

this hypothesis, we used@udent’ stesttito compare mean WHQOL scores between those
classified as depressed (yes/no) according to results from our administration of the CIDI

depression screening instrument.

We evaluated the criterion validibythe results of an instrument withbnknown merit against a

gold standare-by determining the concordance between the CIDI and SCAN clinical diagnosis.
We computed the following parameters: sensitivity, specificity, positive likelihood ratio,
negative likelihood ratio, positive predictive uak, and negative predictive values for the

presence or absence of MOP2]. First, we evaluated the naive psychometric properties of the
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CIDI using missing completely at random (MCAR) assumptions where all patients with unknown
SCAN depression status were discard&@.then reported Begg and Greenes adjusted

estimates of psychometric properties of the CIDI, where the estimates were corrected for
verification bias using inverse probability weighting approg@di24] under missing at random

(MAR) assumptions.

RESULTS

A summary of selected soettemographic and lifestyle characteristics of study participants is
presented irnTable 3.1. A total of 926 participants with an average age of 35 + 11 years, ranging
from 18 to 69 years were included in the study. The majority of participants were women
(61%), married (52.3%) and more likely to be Orthodox Christians (74%). Approximately 4% of
participants reported that they were current smokers and 9.6% of participants reported
drinking at least one alcoholic beverage per week. Khat chewing was reported by 5.3 % of
participants. Approximately 44% of participants reported having a fair or plogsipal health

status, while 33% reported poor mental health status.

Lifetime prevalence of depressive symptqmerived from response to the initial CIDI STEM
guestions for depressiqrare presented irFigure 3.1. The most commonly endorsed depressive

symptom was feeling sad, empty or depressed (54.6%) followed by feeling discouraged (42.6%).

Distributions of the socidl e mogr aphi ¢ and | ifestyle character

current CIDI MDD status are showrTable 3.2.
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Overall, the 12 mith prevalence estimate of the CIDI MDD in the total 926 sample was 6.5%

(95% ClI, 4:8B.1) [able 3.2). Distributions of the socidemographic and lifestyle
characteristics according to par tTable3.2pToeose s’ CI
who were classified as depressed were less likely to be married, more likely to be smokers, and

more likely to report poor physical and mental health.

The exploratory factor analysis of the CIDI depressive symptoms questions showed that a
rotated factorsolution contained one factor with eigenvalues greater than 1.0, which
accounted for 84.3% of the variancable 3.3). Item loadings ranged from 0.54 to 0.95.
Depressed mood, diminished ability to concentrate or think, and change in appetite were most
strongly related to the underlying construct (loading values over 0.90). Anhedonia and suicidal
thoughts were the next items strongly related to the underlying construct. For these two
variables the correlation between the item and the construct was over.(0r8B items that

loaded least strongly included psychomotor agitation or retardation (0.54) worthlessness or

excessive or inappropriate guilt (0.75).

The WH®EQOL scores for physical, psychological, social relationship and environmental
domains are summazéd inTables 3.4a and3.4b. Since the scores have fairly symmetrical
distributions, we provide mean (SD) summaries. The mean MBO scores for depressed
women were significantly lower in each domain as compared to men. Across all domains for
both men andvomen, the mean scores for those classified as depressed were significantly

lower than those not depressed. For instance, for psychological domain participants with MDD,
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compared to nordepressed, were more likely to have lower mean WBIOL scores (46.9
(SD=18.8) versus 57.6 (SD=17.5), p<0.001). Similar significantly lower mea@@{HDores
were noted for social relationship, physical and environmental domains. Furthermore, similar

significant differences were noted with sex specific comparisons.

Table 3.5 shows the psychometric characteristics of CIDI using SCAN as a gold standard. First,
we evaluated the psychometric properties of CIDI using MCAR assumptions where all patients
with unknown true MDD status were discarded. For instance, the sensaivdyspecificity of

the CIDI under naive estimators for all participants were 43.5% (95%CE&8%) and 77.9%
(95%Cl: 7282.4%), respectively. The positive predictive value for detecting MDD with the CIDI
was 22.4%, and the negative predictive values\®0.5%. After adjusting for verification bias,

the sensitivity was 51% (95%CI: 46(B6%) and specificity was 72.2% (95%CI:-$8.6%). The
positive predictive value for detecting MDD with the CIDI assessment was 22.4%, and the
negative predictive vakiwas 90.5%. The sex stratified analysis showed that sensitivity was
higher in women (sensitivity 56.1% and specificity69.3%) compared with men (sensitivity

45.0% and specificity 69.6%).

DISCUSSION

Our results provided evidence that the Amhararsion of the CIDI is a tool with high internal
reliabil ity (08% anorp&thibpiarsaduwdts. Qun siudy=also provided strong
evidence for the construct validity of the Amharic version of the CIDI in diagnosingTWBD.

factor analysis reveded unidimensionality of core depression screening questions with good
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factor loadings on a major core depressive factor. Adults classified with MDD by the CIDI had

lower quality of life scores across physical, psychological, social relationship arahererital
domains.Compared to SCAN reference standard, the CIDI is modestly effective in MDD

diagnosis with a moderate specificity (72.2%) but low sensitivity (51.0%). FinalGiDhwas

most successful at identifying a person without MDD (with a geB®of 90.5%). In other

words, a person who was identified as rdepressed using CIDI had more than 90% probability

of not having MDD diagnosis using SCAN. However, a person who identified as depressed using
CIDI had 22% (PPV) chance of having MDD diagmgisg SCAN. The low PPV could be due to

the low prevalence of MDD in our study. The positikelihood ratiocommonly considered to

“rule in disease” of Ilkelheod@tloddihmonyycensidere8to The ne
“rul e out of.Thismeanstsaeclinicallyisa sinilar outpatient settings, patients
with MDD are 1.8 imes more likely to have an MDD diagnosis using CIDI compared to patients
without MDD. Similarly patients without MDD are 1.4 (1/0.7) times more likely to have megati

test results using CIDI compared to those with MDIe high NPV and low negative LR show

the potential for CIDI in ruling out MDD in a similar outpatient setting.

Findings from our study are generally consistent with prior validation studies cordlircte

other countries. In their study among UK residents, Brugthal [25] compared the

performance of the ClDh diagnosing depression using SCAN diagnostic interview as a
reference standard25]. The authors employed a twphased study design where participants
were initially screened using the CIDI instrument and then evaluated using the SCAN clinical

interview. They reported a sensitivity of 50% (95%CI:-88%) and a specificity of 87% (95%CI:
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81-91%). Similarly, a reat reappraisal study conducted by Habal compared the current
version of CIDI (CIDI 3.0) with a cliniezministered Structured Clinical Interview for D$¥1
(SCID) in a probability subsamples of the WHO World Mental Health (WMH) surveys in France,
Italy, Spain, and the U26]. The investigators noted a sensitivity of 55.3 % and specificity of
93.7% for MDD. In contrast, Jordanova and collea§igsn their study among 105 primary

care attendees in UK evaluated the diagnostic properties of CIDI with reference to a clinician
administered SCAN. The authors used-10@liagnostic categories to compare the two
instruments. Although the concordance for depsive disorders was fair (kappa=54%), the
sensitivity was 100% and specificity of 88%. CIDI prevalence estimates of depression (18.1%)
were more than twefold higher compared with SCAN prevalence estimates (15Ho)

although the CIDI estimates are generally conservative compared withsterotured

interviews[28].

Reasons for the differences in test characteristics across studies are unclear. We speculate that
the lower sensitivity of the CIDI noted in our study and those of ot[#526] may stem from

the fact that the CIDI is a fully structured interview that employs precisely worded questions

that cannot be rephrasedraeworded[9, 25, 28]. In addition, the CIDI is designed to be used by
lay interviewers, thus does not allow use of clinical judgment. Whereas the gold standard for
our comparison was the serstructured psychiatrist administered SCAN interview with

freedom for probing andephrasing questiongL8]. In addition, given that a large proportion of
patients endorsed the STEM questions of depression (75%), it is possible that thekgtric

structure of CIDI led to poor sensitivity. The diagnostic STEM (core) questions used at the
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beginning of the CIDI and SCAN interviews are similar. However, SCAN allows clinicians to elicit
more information based upon open ended probing whereas folllvs a strict Yes/No
structure[25]. It is important to recognize that relaxing the threshold of the symptomght

be something that merits consideration in future studies.

Investigators have discussed the importance of using factor structure wharstinment is
applied in a new context or cultural grof#9]. However, to date, we are not aware of previous
studies that examined the factor struceiof CIDI depression screening instrument. Our study
provided the first evidence of the unidimensional nature of the depression symptom questions
included in CIDI. As shown in our factor analysis, the correlations between the item and the
construct for depessed mood, diminished ability to concentrate or think and change in
appetite were over 0.90 showing strong correlation to the construct underlying these items.
This is important in that depressed mood is one of the cardinal symptoms of depression,
diminished ability to concentrate or think and changes in appetite are secondary diagnostic
symptoms. Anhedonia and suicidal thoughts were the next set of items strongly related to the
underlying construct. This finding is consistent with what is reported vitilerodepression

screening instruments such as the RBI(30].

Several potential limitations must be considered wheteipreting results from our study. First,
our study was conducted in a clinical setting. Some investigators have noted that in community
based studies of CIDI, respondents were more comfortable admitting personal or socially

unacceptable feelings and be¥iars to lay interviewers than to clinical interviewgis 31]. The
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concordance®f our results with those from other studies that have included community based
samples, however, serve to attenuate some of these concermsll be important for future

studies to evaluate the diagnostic validdf/the Amharic version of the CIDI within the general
population. Second, soniavestigators have argued that sestructured diagnostic interviews
such as SCAN or SCID do not represent a valid gold standard, as neither perfectly reflects the
DSM diagnosig28]. Hence, they suggest evaluating the standard psychometric properties with
performance measures such as sengitiar specificity may not be appropriateurthermore, it

is important to recognize that the saléport of subjective symptoms is an inherent problem in
measurement of mental disorders in clinical and research settings that cannot be solved by use
of anystandardized instruments such as SCAN or 82]DNotwithstanding the noted

limitations, our study has several strengths. First, we used strict protocols of-atage study
designand appropriate statistical analysis ensuring there is no verification bias. Second,
psychiatrists who administered the criterion reference standard SCAN were blinded to the

results of the CIDI interviews.

In conclusion, this study provided fundamenitgiormation concerning the reliability and

validity of an Amharic language translated the CIDI for depression diagnosis among Ethiopian
adults. Knowledge gained from this study will facilitate efforts in identifying unmet mental
health needs and improvingental health services. There is epidemiologic evidence suggesting
that locally validated screening instruments can be used byptorsicians and community

health workerg33]. The benefits of having well characterized instruments like the CIDI in low

income and resource limited clinical and research settings are far rea@4gp|. First, they
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have the ability to provide reliable local data on specific disorders. Having local data compels
health personnel and poljcmakers in specific countries or regions and to evaluate unmet
needs and to evaluate implementation of health programs and policies. Second, they can be
used to evaluate modifiable risk factors associated with depression in the local context. Lastly,
they provide a basis for designing and evaluating the impact of intervention prodiz6v&3].

Given that semstructured interviews such as SCaM time-demanding, expensive and require

a trained clinician, the use of fully structured interviews like CIDI is critical. However, in light of
our findings and those of others, researchers should interpret the findings of these surveys in

the general poplation cautiously.
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Table 3.1—Characteristics of the entire study population (N=926)

Characteristic N=926
N %

Mean age (years) 35.1+1.7
Sex

Women 568 61.3

Men 358 38.7
Marital status

Married 486 52.5

Never married 293 31.6

Other 147 15.9
Education

< Primary (16) 400 43.2

Secondary (-12) 322 34.8

College graduate 204 22.0
Smoking status

Never 802 86.6

Former 88 9.5

Current 36 3.9
Alcohol consumption past year

Non-drinker 528 57.0

Less than once a month 309 334

> 1 day a week 89 9.6
Khat chewing

None 679 73.7

Former 198 21.4

Current 49 5.3
Seltreported physical health

Excellent/very good/good 522 56.4

Poor/fair 404 43.6
Selfreported mental health

Excellent/very good/good 616 66.5

Poor/fair 310 335

" Mean # standard deviation (SD)
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Table 3.2—Characteristics of subjects according to CIDI and SCAN major depressive disorder status

CIDI SCAN
Depressed Nondepressed Depressed Nondepressed
N=60 N=866 N= 46 N=317

Characteristic % % % %
Mean age(years) 35.1+115 35.6+12.9 33.7+£9.6 35.1+11.9
Sex

Women 60.0 61.4 80.4 60.6

Men 40.0 38.6 19.6 39.4
Marital status

Married 40.0 53.1 36.9 53.3

Never married 36.7 314 28.3 30.3

Other 23.3 15.5 34.8 16.4
Education

< Prilary 33.3 43.9 52.2 45.7

Secondary (42) 46.7 33.9 30.4 34.7

College graduate 20.0 22.2 17.4 19.6
Smoking status

Never 81.7 86.9 78.3 86.4

Former 5.0 3.8 17.4 104

Current 13.3 9.2 4.3 3.2
Alcohol consumption past year

Never 58.3 56.9 73.9 55.2

Former 31.7 33.5 21.7 34.4

Current 10.0 9.6 4.4 104
Khat consumption

None 76.7 73.1 69.6 72.3

Former 1.7 5.5 2.2 3.8

Current 21.6 21.4 28.2 23.9
Selfreported physical health

Excellent/very good/good 33.0 58.0 36.9 47.9

Poor/fair 66.0 42.0 63.1 52.1
Selfreported mental health

Excellent/very good/good 45.0 68.0 34.8 56.2

Poor/fair 55.0 32.0 65.2 43.8

"Mean * standard deviation (SD)

93



Table 3.3—Exploratory factor analysis of depressive symptoms using CIDI

Factor Loadings

Depressive symptoms Factor 1
Anhedonia 0.894
Depressed mood 0.950
Insomnia or hypersomnia 0.838
Fatigue or loss of energy 0.878
Significant weight loss when not dieting or weight ga 0.908
Worthlessness or excessive or inappropriate guilt 0.750
Diminished ability to think or concentrate 0.951
Psychomotor agitation or retardation 0.544
Recurrent suicidal thoughts 0.880
Eigenvalue 7.95
% Variance 84.3
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Table 3.4a—Mean WHH-QOL scores according to CIDI determined major depressive disorder
status by domain

Quality of life assessed Depressed Not Depressed P-value
by Domain Mean score SD Mean score SD
Physical 46.1 13.0 52.4 13.4 <0.001
Psychological 46.9 18.8 57.6 17.5 <0.001
Social relationships 54.4 24.9 65.2 22.1 <0.001
Environmental 35.7 15.0 43.6 15.6 <0.001
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Table 3.4b—Sex specific mean WHO-QOL scores according to CIDI determined major
depressive disorder status by domain

Women Men
Quality of life h/l?::rr]essed II\\lA(():a 2epressed vl Jep:lessed II:I/Iot IZ:]epressed vl
SD sD -value ea sD ea -value
score score score score
Physical 456 13.4 522 134 <0.001 473 116 528 135 0.004
Psychological 46.1 18.0 574 17.6 <0.001 48.6 20.3 57.8 17.2 <0.001
Social
. . 529 26.2 66.1 21.8 <0.001 574 220 63.8 226 0.045
relationships
Environmental 354 158 435 155 <0.001 36.4 15.1 43.6 15.8 0.001
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Table 3.5—Sensitivity and Specificity for the detection of major depressive disorder of CIDI by sex

Sensitivity Specificity LR+ LR- PPV NPV-

All subjects

Naive 43.5 (28.958.9) 77.9(72.982.4) 2.0(1.32.9) 0.7(0.60.9) 22.2(14.132.2) 90.5(86.493.7)

Adjusted 51.0 (41.3-60.6) 72.2(68.7-75.6)  1.8(1.4-2.3)  0.7(0.5-0.8)  22.4(17.3-28.0)  90.5(88.3-92.4)
Women

Naive 45.9 (31.956.0) 77.1(70.582.8) 2.0(1.33.1) 0.7(0.50.9) 27.9(17.140.8) 88.1(82.292.6)

Adjusted 56.1(45.3-66.3)  69.3 (64.6-73.3)  1.8(1.4-2.3)  0.6(0.5-0.8)  27.9(21.6-35.2)  88.2(84.1-91.4)
Men

Naive 33.1(7.570.1) 79.2(71.085.9) 1.6(0.64.3) 0.8(0.51.3) 10.3(2.227.4)  94.3(88.097.9)

Adjusted 45.0 (26.0-65.8)  69.6(63.6-75.0)  1.5(0.9-2.5)  0.8(0.5-1.2) 10.6(5.7-18.9)  94.1(89.7-96.6)

"Naive estimates are using missing completely random assumption and adjusted estimates are Begg and Greenes éstimatesitive
likelihood ratio, LR negative likelihood ratio, PPpositive predictive value, RV:negative predictive value
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Table 3.6—Questions used in the CIDI depression module

STEM Questions
1. Have you ever in your life had a period lastiayeral days or longer when most of the day you felt
sad, empty or depressed?

2. Have you ever had a period lasting several days or longer when most of the day you were very
discouraged about how things were going in your life?

3. Have you ever had a peridasting several days or longer when you lost interest in most things you
usually enjoy like work, hobbies, and personal relationships?

Major Depressive Disorder algorithm

A. Five (or more) of the following symptoms have been present during the sameel?period and represent a
change from previous functioning; at least one of the symptoms is either (1) depressed mood or (2) l0ss ¢
interest or pleasure.

Part 1 AND Part 2.

Part 1. Symptoms have been present during the same 2 week period and at least thie symptoms is either
(1) depressed mood or (2) loss of interest or pleasure.

Part 2. At least five of the following symptoms must be present and represent a change from previous
functioning:

Note: “change from pr ewvihceus tfeum cctoirameisrpg”’n dii sn gi my
than wusual ", “less than uswual ”) .

1. Depressed mood most of the day, nearly every day, as indicated by either subjective report(e.g.,
sad or empty) or observation made by others.

2. Markedly diminished iterest or pleasure in all, or almost all, activities most of the day, nearly ever:
day(as indicated by either subjective account or observation made by others)

3. Significant weight loss when not dieting or weight gain (e.g., a change of more than 5% efdiglly
in a month), or decrease or increase in appetite nearly every day.

4. Insomnia or hypersomnia nearly every day.

5. Psychomotor agitation or retardation nearly every day (observable by others, not merely subjectiy
feelings of restlessness or beigigpwed down).

6. Fatigue or loss of energy nearly every day.

7. Feelings of worthlessness or excessive or inappropriate guilt(which may be delusional) nearly ev
day(not merely selfeproach or guilt about being sick)

8. Diminished ability to think or concerdte, or indecisiveness, nearly every day(either by subjective
account or as observed by others)

9. Recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation without a specific |
or a suicide attempt or a specific plan for comnit suicide.




Table 3.7—Results from hypothetical CIDI screening program with 100 patients, prevalence of
depression 15%

SCAN Diagnosis

True positive True negative
CIDI positive 8 24
CIDI negative 7 61
Total 15 85
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Figure 3.1—Depressive symptoms endorsed using CIDI STEM questions for depression
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"STEM questions are core questions used at the beginning of CIDI interviews
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Figure 3.2—Scree plot of CIDI depressive symptoms
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Chapter 4

Assessing Validity of a Depression Screening Instrument in the Absence of a
Gold Standard
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ABSTRACT

Background and Objective: Screening for mental healgproblems such as depressionclinical

and community based settings is an important activity in an overall public health disease
prevention and health promotion strategy. The success of screening, however, is largely
dependent on the accuracy of the diagnostic procedure that igtid standard used to

evaluate the effectiveness of the screening instrumafthen the gold standard is subject to
error, the perceived accuracy of the screening test can be affected. In this study, we evaluated
the extent to which use of a hypothesizedperfect gold standard, th€omposite International
Diagnostic Interview (CIDBiases the estimates of diagnostic accuracy ofRasent Health
Questionnaired (PH®) depression screening instrumeM/e also evaluated how statistical
correction methodsan be used to address this bias.

Methods: The study was conducted among 926 adults attending an outpatient department in a
major referral hospital in Ethiopia. Structured interviews were conducted to collect information
about partici pdepréssve disorder usiagPtamieC|Dbinstruments. First,

we evaluated the relative psychometric properties of P#@sing CIDI as a gold standard. Next,
we employed a Bayesian latent class model analysis to correct for bias resulting from using an
imperfect gold standard.

Results: In comparison with CIDI, thelative sensitivity and specificity of tHHQO for

detecting major depressive disorder at a cut point 8fwere 61.7% (95% confidence interval

(CI): 54.269.2%)and 73.8% (95%CI: 7076.9%)respectively. Correcting for bias resulting from
imperfect gold standard, usiri§ayesian latent class modeling analysis, resulted in a modest

increase irsensitivity and specificity of PHEB2.5% (95%Bayesian credible interval (BCI19.9
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85.3%)and 783% (95% BCI: 6288.4%), respectively. Overalheg psychometric properties
calculated using Bayesian modeling approaches were closer to the values obtained using a true
gold or criterion standard.

Conclusion: Our results provided evidence that assessiragdostic validity of mental health
screening instrument in resource limited settings, where application of a gold standard might

not be available, can be accomplished by using appropriate statistical methods.
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INTRODUCTION

Screening for mental health problems in clinical and community based settings is an important
component in the overall public health disease prevention and health promotion strategy. The
success of screening procedures, however, is largely dependent @ttheacy of the

diagnostic procedure and the gold standard, or criterion standard, used to evaluate screening
instruments[1-3]. Psychometric properties such as sensitivity and specificity are common
measures used to evaluate the quality of a screening test. These pegtho properties are
unbiased if the screening tests results are compared with a gold standard mgas8rewe
recognize that there is no perfect gold standard. Hence, we use the term gold standard to refer
to the best available method thatedlermines the presence or absence of the condition or
disease of interest. However, verification of the true status using the gold standard may be
impossible to obtain due to cost and human resources. In some instances the gold standard
may be invasive, ipractical to obtain or unethical to conduct. For examgjeld standard

di agnosi s of Al z h eascerminedistil adpatient dies &d anautopsyis b e
performed. In epidemiologic studies where a comparison with a gold standard is not possibl
validation studies often compare screening instruments with instruments that are imperfect

but more precise than the screening instrument. The key assumption is the measurement error
for the imperfect reference or gold standard is unlikely to be coteslavith the screening
instrument[4]. If an imperfect standard is used as if it were a gold standard, the estimated
accuracy of the tests would be biased due to misclassificg8db] . Zhouet al[3] call this type

of bias “imperfect gold standard bbased” . A
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estimates or estimates that make use of prior information, to reduce or correct this imperfect

gold standard bias without retesting anytgects[1].

The Patient Health QuestionnaiBe(PH®) is a very brief, easy to administer and interpret
depression screening instrumef@]. Because of its brevity, the PFQs widely used as a

depression screening instrument in primary care settings among racially and ethnically diverse
populations. Additionally, it has been reported to d&aluable toofor the detection and

management of depressidie]. Use of the PH® instrument in new clinel and research
settings requires evaluating the validity of
standard’. The Schedules for Clinical Assessm
clinical interview widely considered as goldrsfard, is used to assess and diagnose psychiatric
disorders including depression among ad{ifs The instrument offers flexibility for clinicians

to phrase qustions about particular symptoms taking into account local context. However, it
requires that clinicians make their clinical decisions following the definitions and criteria

provided in the Diagnostic and Statistical Manual (DE\W]. Although the SCAN has been

reported to have excellent accuracy in depression diagnosis, it isdemeanding, expensive

and requires a trained clinician, thus limiting its use in resource limited clinical sttidigs

To address these limitations, alternative diagnostic tools for the measurement oéstEpn
have been developed. One of these tools is the Composite International Diagnostic Interview
(CIDI). The CIDI is a fully structuredddyninistered diagnostic interview that can be used to

diagnose major depressive disorder according to DSM crjtéraaigh it is regarded as a less
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optimal gold standard compared to the SCAN, 12]. In an effort to employ a less burdensome
assessment, some investigators have used the CIDI as the criterion standard to evaluate the
diagnostic accuracy of the PF8Q13, 14]. Use of CIDI as gold standard (an imperfect but more
precise than PHQ) is expected to bias the validity the PHEO. However, no study has
systematically evaluated the impact of using the CIDI as a gold standard. Therefore, we
conducted this study to assess the extent to which the use of what we hypothesized as an
imperfect gold standar(i3] biases the estimates of diagnoséiccuracy of a screening

instrument (the PHEY). We further sought to demonstrate how statistical methods can be

used to correct the bias and improve psychometric properties of the-BHQ

METHODS AND MATERIALS

Participants

The study was conducted &aint Paul General Specialized Hospital, a major referral and

teaching hospital, in Addis Ababa, Ethiopia between the months of July and December, 2011.

We used a twestage study design where atotalof926d ul t s (= 18 years of &
outpatient departments werdirst interviewed by research nurses using the PHghd CIDI

depression scales. Then those who screened positive for depression on th@ PHQ

guestionnaire (PHQ@ score =210), as we l-droumofparicipantswlibo ml y s
screened negative for depression (PFQ score < 10), were interview
diagnostic questionnaire by licensed psychiatrists who were blind to®HQults.The

guestionnaire was originally written in English and then translated into Amharic rangated

version was backanslated and modified until the badkanslated version was comparable
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with the original English version. All study participants provided informed consent, and all
research protocols were approved by the institutional revievatas of Addis Continental
Institute of Public Health, Addis Ababa, Ethiopia and the Human Subjects Division at the

University of Washington, Seattle, WA.

Study Measurements

Patient Health Questionnair® (PHQ9)

All study participants were evaluated fdepressive symptoms using the Pi9@epression

scale[6]. The PHED queries participants about the frequency with which they experienced nine
depressive symptom&ach item requires participants to rate the frequency of a depressive
symptom experienced in the two weeks prior to evaluation. The items include: 1) anhedonia, 2)
depressed mood, 3) insomnia or hypersomnia, 4) fatigue or loss of energy, 5) appetite
disturbances, 6) guilt or worthlessness, 7) diminished ability to think or concentrate, 8)
psychomotor agitation or retardation, and 9) suicidal thoughts. Scores for each item range from

O (“not at all”) to 3 (“nearl Qto27i6€5 36 day” ) wi

Composite International Diagnostic Interview (CIDI version 3.0)

Following PHEY administration, participants were interviewed using the CIDI instrument. The
CIDl is a fully structured diagnostic interview designed to be administered by lay interviewers
was developed by the World Health Organization (WHO) to estimat@ittvalence and

identify correlates of mental disorders from large numbers of subjects across different

countries. We used the depression and mania modules of the CIDI 3.0 to diagnose major
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depressive disorder (MDD). The mania module was used to ruleistory of bipolar disorders
(manic, mixed or hypomanic episodes). The CIDI interview includes three screening questions
about sadness/depressed mood, feelings of discouragement, and loss of interest lasting several
days or longer. Participants who endodsany of these three questions were given the
depression module. Those who failed to endorse any of the three core questions were skipped
out of the depression module. In accordance with DiSMriteria, we defined MDD as the
presence of five out of nineacdinal symptoms that persist for two weeks or longer, are present
for most of the day nearly every day, and cause significant distress or impairment. These
symptoms include dysphoric mood or anhedonia that persist most of the day, and clinically
significant weight gain/loss or appetite disturbance, insomnia or hypersomnia, psychomotor
agitation or retardation, fatigue or loss of energy, feelings of worthlessness or excessive guilt,
diminished ability to concentrate or think clearly, and recurrent thougtitdeath or suicide.

For the purposes of this validation study, we defined current MDD as experiencing MDD in the
past 12 months without plausible organic causes and without history of mania or hypomania
[17,18]. In the current study we considered the CIDI interview as an imperfect reference (or

gold) standard[11, 12].

Schedules for Clinical Assessment in Neuropsychiatry (SCAN) Diagnosis

The SCAN is a semi structured clinical interview developed by the WHO for use by trained
clinicians to assess and diagnose psychiatric disorders among @ The use of the
SCAN gives flexibility in the diagnosis of mental disorders based er0l@i DSMV[19]. The

depressed mood and ideation module of SCAN has been reported to work well in different
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languages and cultures including Ethiof#8]. For the current study, we used SCAN
administered in Amharic as a perfect referer{oe gold) standard. All SCAN interviews (and
diagnoses) were conducted without knowledge of the results of initial PHQ9 and CIDI

interviews.

Statistical Analysis

We first computed the psychometric properties of PE@sing the CIDI as a reference or gold

standard. Considering the CIDI as a reference standard subject to error, or imperfect gold
standard, we used the terms “cridglydt itwe rseerositt it
characteristics of the PH@Q[2]. Relative sensitivity is the percent of time that the R#1Q

detected depression when the CIDI detected imiarly, relative specificity is the percent of

time that the PH@ did not detect depression when the CIDI did not detediMé useda

Bayesian diagnostic test modeling approach in the absence of a gold standard developed by
Branscunet at[21]. The Bayesian approach combines the likelihood of the data and an

assumed prior distribution of parameters through Bdyest heor em t o gener at e
distribution of the parameters of intere$8]. We followed this approach because i) prior

scientific information about the psychometric properties of RBIQan be incorporated in our

estimation, ii) the ability to use ayblicly available opn source WiBUGS software and iii) a

freely available code that can be readily used in our study setting. Briefly, prior uncertainties

about the true values of the parameters assessed here (sensitivity and specificity) were

modeled using prior probabilitglistributions. The first important step in Bayesian analysis is to

obtain a prior distribution over all model parameters using past data, if available, or by drawing
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upon expert knowledge, or a combination of bff?]. As pointed by Greenlar{@3], priors

may vary considerably across indivédis; a reasonable approach should reflect results from

prior studies or reviews. Since there was no prior study conducted in the study setting, we
chose priors based a recent diagnostic matelysis conducted by Maned al[24]. We

reasoned this will provide a realistic prior distribution than an expert opinion. In their study,
Manea and colleagues summarized the psychometric properties of thePatpss 18

validation studies (n5280) conduagd in various clinical setting around the world. The authors
provided psychometric prosperities of PHQor detecting MDD for cubff scores between 8

and 11. For instance, the prior values for sensitivity and specificity for diagnosing MDD using a
cut-off score of 10 and above have modal values of 85% and 89%, respectively with 95% of their
areas above 75%. These prior values were then used to generate the corresponding Beta
distributions using the BetaBuster software

(http://www.epi.ucdavis.edu./diagnostictests/betabuster.htmifhe prior densities were

assumed to be independent beta distributiofb]. Then, a WinBUGS code that utilizes
Bayesiarnatent class modeling approach was used in these analgd¢écode available at

http://www.epi.ucdavis.edu/diagnostictesjsBecause both the PH®and CIDI are based on

DSMIV criteria and are measuring the same psychological phenomenon (depression) and
symptoms, the results are expected to be correlaf2f]. Hence, a Bayesian model to asses
test accuracy for two conditionally dependent tests was ugddito estimate the sensitivity

and specificityof the instruments. The model was checked for convergence using two chains
with different initial valuesMixing of the chains was assessed by the lack of autocorrelation

among the sampled values. The hyperparameters for the prior distributions were ioneaitiy
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specified to lead to vague priors that accommodate the large variability expected in the field for
the diagnostic measures. Monte Carlo methods (a class of computational algorithms that rely
on repeated random sampling to compute values) were usesgktimate the lower and upper

limits of 95% Bayesian credible intervals (95% BCI). All parameters and asseitatBCIs

were computed using the software WinBU[2%]. The posterior distributions were computed

based on 5,000 iterations afteliscarding the initial 500 iterations as bum

RESULTS

The median PHQ® score was 5 (range2¥). A total of 258 participantsilfilled DSMIV criteria

for MDD on the PHQ (27.8%; 95% CI 2438.7%) using acere of2 10, while 668 were

classified ason-depressedTable 4.1). Using CIDI as a reference standard, a total of 86
subjects were classified as depressed and 564 asdepressed on both instruments.

Distributions for other PHQ score cubffs are also displayed Fable 4.1. As shown iifigure

4.1, PHQO scores were higher among individuals classified as depressed on CIDI (median=10;
1% quartile=6; & quartile=14; interquartile range =8, while for nolepressed participants the

corresponding values were median=4‘dquartile =2; ¥ quartile =9; interquartile range =7).

Relative psychometric properties of P¥Qising CIDI as a gold standard are shovitalihe 4.2.
In comparison with CIDI threlative sensitivity and specificity BHQ9 for a cut point o 9
were 61.7% (95%CI: 5468 .2%)and 73.8% (95%CI. 7616.9%), respectively. As expected,
lower sensitivities and improved specificities were noted for increased-®bi@re cut points.

For instance the sensitivity and specificity of the PHQr MDD diagnosis at a cut point%t0
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were 53.1% (95%CI: 4560.8%)and 77.5% (95%CIl. 7480.5%), respectively. After applying a
Bayesian latent class modeling analydig, $ensitivity and specificity of PH8Jor a cut point of
29increased t8B2.5% (95% BCI: 7988.3%)and 783% (95%BCl: 62.689.4%), respectively
(Table 4.2). Using a cut point &f10 the sensitivity and specificity were estimated to be 80.7%
(95% BCI: 78-23.1%) and 84.4% (95% BCI: 78)32%), respectivelf.he psychometric
properties remained stable for PH®cutpoint of 2 11 anddifferent prior prevalence
assumptionsBased on the Youden Index, the diagnostic accuracy of the9PM&3 optimized

at a cutoff of 10 or more (Youden index=0.65).

For comparison psychometric properties from our validation study of th@®Ithat used

psychiatrist administered SCAN diagnosis (gold standard) are also preseTabiein.2
(submitted manuscript) . For9idasseciaedwitie7l %a scor e
sensitivity (61.283.9) and 77% specificity (7478.5) in dignosing MDD compared with

psychiatrist administered SCAN diagnosis.

DISCUSSION

Overall, improvements in psychometric properties of the PH@hen compared against CIDI,

an imperfect gold standard) were noted after employing Bayesian latent class modeling
approaches compared to the relative estimates. Overall, sensitivity and sjtgastimates
calculated using Bayesian modeling approaches were closer to the values obtained using the
SCAN gold standard (regarded the true or perfect gold standard in this study).
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Brief, reliable and valid screening instruments help health careegedbnals determine the
magnitude of mental health problems such as depression in populations. As noted earlier,
because of its brevity, the PHEJ6, 16] has gained increased recognition as a preferred
instrument for depression screening in primary care settings among racially and ethnicall
diverse population$28, 29]. Use of screening and diagnostic instruments, such as the®?HQ
new settings requires evaluating their psychometric properties in comparison with a gold or
criterion standard. In many developing countries such evaluations of the diagnostic validity of
instruments remain a main challenge due to cost, time, and human resources limitation of
using the gold or reference standard. One strategy to overcome this problem will be using
structured interviews that do not require a specially trained clinicianchmiister them.

Indeed, some investigators have used the CIDI as a gold standard to evaluate the diagnostic
accuracy of the PHQ[13]. Use of the CIDI as a gold standard results in errors due to the fact
that it isrecognized as an imperfect gold stand@td, 12]. To our knowledge, this is the first
study to examine the impact of using an imperfect gold standard (CIDI intetvidetermine

the validity of the PHE and to use statistical methods to correct for the bias. After applying
Bayesian statistical mading, we note the psychometric proprieties of the RPBI@ere

somewhat higher to what we would have obtained if we used the SCAN gold standard.

Some caveats should be considered when interpreting the results of our study. Due to the self
report nature ofpsychological conditions, it is possible that the SCAN clinical diagnosis may not

be the best gold standard or reference test. Furthermore, although we used prior estimates
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based on a previously conducted metnalysis, one might arrive at slightly diffateestimates
using different priors. As stated by Zetal [3], estimates can be greatly affected by a change

in prior distribution regardless of how large the sample size is.

In conclusionour findings underscore the importance of evaluating the feasibility and validity
of using an imperfect gold standard. In additjosing Bayesian statistical approaches in the
absence of a gold standard may result in improvements of psychometric prepeftmental
health screening instruments. This analytical approach may thus represent an important tool

for adjusting the bias that might result from the use of an imperfect gold standard.
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Table 4.1—Distribution of Patient Health Questionnaire-9(PHQ-9) and Composite

International Diagnostic Interview (CIDI) results

PHQ-9 Score cut-off

9 10 11

CIDI positive
PHQO9 positive 100 86 76
PHQ9 negative 62 76 86

CIDI positive
PHQO9 positive 200 172 146
PHQ9 negative 564 592 618
Total 926 926 926
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Table 4.2—Relative and adjusted sensitivity and specificity values and associated 95%

confidence intervals (Cls) for major depressive disorder diagnosis across various cut-off points

of the PHQ-9 using Bayesian approach

Sensitivity Specificity PPV NPV
Relative estimates
Scorez=9 61.7 (54.269.2) 73.8 (70.676.9) 33.3 90.1
Score=10 53.1(45.460.8) 77.5(74.580.5) 33.3 88.6
Scorez=11 46.9 (39.254.6) 80.9 (78.183.7) 34.2 87.8
Bayesian estimates
Scorez=9 82.5(79.985.3) 78.3 (62.689.4) 26.9 97.7
Score=10 80.7 (78.283.1) 84.4 (73.590.2) 33.8 97.4
Score=11 74.3 (76.979.6) 88.7 (85.492.0) 39.4 96.5
Using SCAN gold standard
Scorez=9 79.0 (68.289.1) 72.0 (68.574.9) 23.0 96.4
Score=10 71.1(61.283.9) 76.6 (74.879.5) 23.5 94.5
Score=11 57.5(41.672.0) 79.8 (78.881.5) 33.3 90.1
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Figure 4.1—Distribution of PHQ-9 scores according to major depressive disorder status

Non-depressed Depressed

30
1

20

10

Box plots comparing PH&scores among those classified as having major depressive disorder

(right side) and those without depression (left side) based on the CIDI depression module. The
central box shows th data between the upper and lower quartiles, with the median
represented by the middle | ine. The “whiskers
the upper and lower quatrtiles to a distance of 1.5xIQR (interquartile range) away or the most
extreme data point within that range, whichever is smaller.
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Chapter 5

Major Depressive Disorder and Cardiometabolic Disease Risk among Sub-
Saharan African Adults
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ABSTRACT

Background: Research conducted in developed countries has documented an association
between major depressive disorder (MDD) and cardiometabolic disease risk, but this
association has not been studied in sBhharan Africa where both morbidities are increasing
dramatially.

Objective: We sought to evaluate the extent to which MDD is associated with cardiometabolic
diseases and risk factors among a cohort of urban dwelling Ethiopian adults.

Methods: This was a crossectional epidemiologic study of 1,924 employed ad(l{&65 men

and 759 women) in Addis Ababa, Ethiopia. The World Health Organization STEPwise approach
was used to collect sociodemographic data, anthropometric measurements, and blood samples
among study subjects. Fasting blood glucose (FBG), insuactive protein, and lipid
concentrations were measured using standard approaches. Metabolic syndrome was defined
according to the International Diabetes Federation (IDF) criteria. Insulin resistance was assessed
using the homeostatic model assessment (HOIRA We ascertained the presence of MDD

using the validated screening questionnaire, the Patient Health Questior@4P&IE0)

depression scaléViultivariate logistic regression models were fitted to estimate odds ratios

(OR) and 95% confidence intervéd5% CI) for the association between MDD and
cardiometabolic disease risk while adjusting for potential confounders.

Results: A total of 154 participants screened positive for MDD on PH®.0%; 95% CI 6.7

9.2%) Among women, MDD was associated with more thdold increased odds of diabetes
(OR=4.14; 95% CI: 1-:08.62). Among men the association was not significant (OR=1.12; 95%

Cl: 0.631.99). The odds for insulin resistance among women and men were (OR=228%I9
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0.7311.35) and (OR=0.66; 95% CI. 1a835), respectively. After controlling for confounders,
there was no clear evidence for a positive association between MDD and hypertension status.
Similarly, MDD was not associated with metabolic syndromeregweomen (OR=1.51; 95% CI:
0.693.29) and men (OR=0.61; 95% CI: €.28l). Lastly, MDD was not associated with

increased odds of systemic inflammation as measured-tga€tive protein among women
(OR=0.87; 95% CI: 0-1219) or men (OR=1.51: 95% CI: &454D).

Conclusion: The results of our study do not provide convincing evidence that MDD is associated
with cardiometabolic diseases among Ethiopian adults. Future studies need to evaluate the

effect of other psychiatric disorders on cardiometabolic dssedsk.
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INTRODUCTION

The global prevalence of cardiometabolic risk such as cardiovascular disease (CVD), diabetes
and obesity is increasing at an alarming rate, with the majority of cases occurring in low and
middle income countriefl]. A growing body of epidemiologic evidence shows that incidence of
cardiometabolic diseases are increasing in-Salharan Africf2-6]. Kearney aal. reported that

in the year 2000 an estimated 639 million individuals had hypertension in low and middle
income countries and this number is expected to rise to 1.15 billion by P2 2006, 10.8
million subSaharan Africans were estimatealhave diabetes. This number is expected to rise
to 18.7 million by 202%8]. The rise in cardiometabolic disease prevalence is driven, in part, by
significant changes in dietary habits, physical activity levels, and increased stragsals af
increased urbanization and economic developmidit An expanding body of evidence now
implicates unipolar major depressive disorder (MDD) as one of the major risk factors for and
conditions ceoccurring with cardiometabolic diseaf@11]. Several studies, primarily

conducted in developed countries, have documented associations of WD

cardiometabolic disease including hypertension, diabetes, metabolic syndrome, myocardial
infarction, sudden death, and other cardiac evefit&15]. Some investigators, however, have
found no significant associations between cardiometabolic disease risk and ME1B].

Reasons for these inasistent findings are unclear.

Although causal relationships, and biological mechanismenlyidg associations of MDD with
cardiometabolic diseases have yet to be clearly established, understanding the epidemiological

characteristic of these disorders (e.g., assessment of comorbidity) may help inform health
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promotion and disease control efforfd1]. For example, investigators haxeported that

individuals with comorbid diabetes and MDD are more likely than individuals with diabetes
alone to have poor glycemic control and consequently to have more severe complications and
lower quality of lifgf11, 19]. Given the increased burden of cardiometabolic disease risk and

the available body of evidence documenting the association between MDD and
cardiometabolic disease risk, we sought to evaluate the extent to which MDD is associated with
cardiometabolic disease risk factors among an epidemiologically well characterized

occupational cohort of bankers and teachers residing in Addis Ababa, Ethiopia.

METHODS AND MATERIALS

Design and Participants

This study was conducted in Addis Ababa, Ethiahieing the months of December 2009 and
January 2010. Study participants were permanent employees of the Commercial Bank of
Ethiopia and teachers in government and public schools of Addis Ababa. These workplaces
were selected based on their high stabilitiyworkforce and willingness to participate in the
study.Multistage sampling was done by means of probability proportional to size (PPS)
sampling[20]. This was performed for both institutions, and all individuals at selected locations
were invited to participate. The original study population was comprised of 2,207 individuals.
Subjects were excluded due to missing anthropometric information (n=35nprecy (n=21),

and incomplete laboratory measures (n=227), the final analytical sample included 1,924 (1,165
men and 759 women) participants. Participants who were excluded were similar in

sociodemographic and lifestyle characteristics to those who werleidied in the analysis.
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Data Collection and Variable Specification

Each participant was interviewed by a trained interviewer in accordance with the WHO
STEPwise approach for roommunicable diseases surveillance in developing courRigs

The approach had three levels: (1) questionnaire to ascertain demographic and behavioral
characteristics, (2) simple physical measurements, and (3) maichétests. Some questions
were added to supplement the WHO questionnaire reflect on the local context. Questions were
also included regarding behavioral risk factsugh as tobacco, alcohol, andd consumption.
Khat is an evergreen plant with amphetere-like effects commonly used as a mild stimulant

for social recreation and to improve work performance in Ethi¢p#a23]. The modified
guestionnaire was first written in English and then translated into Amharic by experts and was
translated back in to English. The questionnaire wast@sted before the iitiation of the

study and contained information regarding sodemographic characteristics, tobacco and
alcohol use, nutritional status, and physical activity. A-flag training of the contents of the
STEPs questionnaire, data collection techniques edinidal conduct of human research was
provided to research interviewers prior to the commencement of the stuetails regarding

data collection methods and study procedures have been previously described irj%ietdjl

Cardiometabolic Disease Risk Factors
Blood pressure was digitally measur@dicrolife BP A50, Microlife AG, Switzerlaatter
individuals had been resting for five minutes. Two additional blood pressure measurements

were taken with three minutes elapsing between successive measurements. In accordance with
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the WHO recommendation the mean systolic and diastolic BP from tandeand third

measurements were considered for analydest the collection of blood samples, individuals

were advised to skip meals for 12 hours. Blood samples of 12 mL were obtained, using proper
sanitation and infection prevention techniques. The atiel aliquots of blood were used to
determine participants’ fasting blood glucose
was used for the measurement of triglycerides (TG), total cholesterol (TCGxlémgity

lipoprotein cholesterol (HDC), lowdensity lipoprotein cholesterol (LBL), glucose

concentrations, insulin an@-reactive protein (CRPThese were measured at the International

Clinical Laborataes (ICL) in Addis Ababa, Ethiopia. ICL is the only clinical laboratory in East

Africa accredid by the Joint Commission International of USA. TG concentrations were

determined by standardized enzymatic procedures using glycerol phosphate oxidase assay.

HDLC was measured using the Ultra HDL assay which is a homogeneous method for directly
measurirg HDEC concentrations in serum or plasma without the need fodiok pretreatment

or centrifugation steps. Participant s’ FBG wa
oxidase methodSerum CRP concentrations were measured by an ultrasensitive cibinget
immunoassaysi | | | aboratory assays were completed wi
medical history. Lipid, lipoprotein and FBG concentrations were reported as mg/dL and CRP as

mg/L.

Height and weight were measured with participants wearing lgbthing and no shog21].
Waist circumference measurements were performed with a fixed tension tape, at the midpoint

between the lower marginfathe last palpable rib and the top of the iliac crest. This was done in
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a private place over light clothing. Hip circumference measurements were conducted in a

similar manner, at the point of the maximum circumference of the buttocks

Analytical VariableSpecification

Metabolic Syndrome

We defined abdominal obesity using the International Diabetes Federation (IDF) d@tgria

wher e those having a waist circumference- of >=9:¢

C was defined to be <40 mg/dL in men and <50 mg/dL in women. We defined elevated blood

pressure as having systolic blood messuesure (S
(DBP) =285 mmHg. | mpaired fasting glucose was
a previous history of diabetes. Elevated TG w

was defined in accordance with the IDF as presence of abdomiealtgland presence of two

or more metabolic syndrome components described abj@#.

According to the definitions of the American Heart Association and the National Cholesterol
Education Prograrf26] we grouped fasting blood glucose in to normal (<100 mg/dL), impaired
fastingglucose (100 25 mg/ dL), and diabetes (=12%6or mg/ dL
currently on medication). LDL concentrations were classified as: optimal (<100 mg/dL); near or
above optimal (10 29 mg/ d L) ; and high (2130 mg/dL). To
classified as: desirable (<200 mg/dL), borderline high-g88mg / dL) , and hi gh (2

HDL concentrations levels were grouped as: low (<40 mg/dL), norm&@9(#®/dL), and high
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(260 mg/dL). We grouped triglyceride concentrations as: desirable (<200 mg/dL), borderline

high(2002 39 mg/ dL), a#fld. high (= 240 mg

Insulin Resistance Syndrome andédactive Protein

Furthermore, we implemented a nested, casentrol design based on metabolic syndrome
status within the entire cohort to assess the extent to which insulin resistance syndrome (a
condition in whichperipheral tissues become nonresponsive to the effects of insulin) and C
reactive protein (marker of systemic inflammation) are associated with MDD. This was done
first by stratifying the study cohort according to the presence or absence of metabolic
syndome. Next, we selected all participants with metabolic syndrome (case group). Then, we
randomly selected those without metabolic syndrome (control group). A total of 516
participants (156 metabolic syndrome cases and 360 controls) were selected foeshesin
casecontrol analysis. The age and sex distribution of those included in the nested analyses
were similar to those not included. As an index of insulin restsawe determined the
Homeostas Model Assessment of Insulin Resistance (HOR)Andex i dividing the product

of fasting glucose ( mg/ dl [R7.ahe HOMAR & Wwidelygsed ns ul i
in clinical trials and has been shown to be correlated with the results obtained from the "gold
standard" euglycemic glucostamp method28]. We evaluated the presence of insulin
resistance syndrome based on the uppel"@rcentile of HOMAR values for normakeight

male and female subjects with normal fasting blood glucose in this study. This is an approach

that has been used by other investigat¢29]. Categories of CRP were defined using tertiles
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(based on the distribution among conts). The groups with the lowest two tertiles were

defined as low CRP (reference group) and the group with the highest tertile as high CRP.

Major Depressive Disorder (MDD)

We used the PHQ to classify participants with regard to MDBecause of its brewt the PHQ

9 has gained increased recognition as a preferred instrument for depression screenings and
diagnosis in research and primary care settings among racially and ethnically diverse
populations[30, 31]. The PHED items queries participants about the frequency of nine

depressive symptoms experienc&lc or es f or each question range f
(“near | y TeaeP¢iEyotaldseose’lsthe sum of scores for the nine items for each

participant, and ranged from-87. In our validation study of PH&)submitted manuscript), we

have shown that in a sampl e of-9Eashociaiegdithan adul
79% sensitivity and 72% specificity in diagnosing MDD tlenDiagnostic and Statistical

Manual of Mental Disorder®SMIV) criteria. Therefore, we defined presence of MDD using a

score =29. on PHQ

Covariates

Participants were classified accorditagtheir alcohol consumption habits: nondrinker (< 1

alcoholic beverage a week), moderate-?1 alcoholic beverages a week), and high to excessive
consumption (> 21 alcoholic beverages a week) according to the WHO classi{i8ati@ther

variables were categorized as followagie (years), sex (male, female), eduaatio< hi gh schoo

technical S ¢ )hsmoking histery (zuarent) lrimer,mever), and current Khat
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consumption (yes, no). Participants were also asked the following question about their self
reported health status: "Would you say your health @ngral is excellent, very good, good, fair,

or poor?" We classified those who reported fair or poor health and those who reported
excellent, very good, or good healthll participants provided informed consent, and the

research protocol was approved byetinstitutional Review Boards of Addis Continental Institute

of Public Health, Addis Ababa, Ethiopia, and the Human Subjects Division at the University of
Washington, USA.

Statistical Analysis

Subjects’ characteristics ardde@ation)fancortinuouse d U S i
variables and counts and percentages for categorical variables. For skewed variables median
[interquartile range] were provided. Differences in categorical variables were evaluated using
Chisquare test. For continuous varialslwith normal distributionsStudent s t t est s wer ¢
to evaluate differences in mean values by depression status. We used unadjusted and
multivariableadjusted logistic regression models to calculate odds ratios (ORs) and 95%
confidence intervals (Qlsf the association between cardiometabolic risk and presence of

MDD. Confounding was assessed by entering potential confounders into a logistic model one at
a time, and then comparing the unadjusted and adjusted ORs. Final logistic regression models
included covariates that altered unadjusted ORs by at least[B&oFinally, we assessed for

any evidence of modification in the magnitude of effect in participants with and without
cardiometabolic risk by including an interaction term between MDD and potential effect
modifiers. Evidence for effect modification was as&esin Likelihood Ratio Tests comparing

the goodness of fit of models with and without the interaction term. We considered the
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following variablesa priori, as potential confounders and/or effect modifiers in these analyses:
age, sex, occupation, setported health status, physical activity, education, cigarette smoking,
Khat use and alcohol consumptif@¥, 35]. All analyses were performed using STATA 11.0
statistical software for Windows (Statacorp, College Station, TX, USA). All reperfcep are

two-sided anddeemed t at i stically significant at a=0.05.

RESULTS

A summary of selected soettemographic and lifestyle characteristics of study participants is
presented in Table 1. A total of 1,924 participants between the ages of 18 and 67 years (mean
age=35 years, standdadeviation=11 years) participated in the study. The majority of
participants were men (60.6%), unmarried (51%) and more likely to have a college diploma,

bachel or’”s degree, or higher education (70. 7%
they were heavy drinkers and 9% reported that they were current smokers. Khat consumption
was reported by 8.8% of participants. Approximately 40% of participants reported having a fair

or poor health status.

Distributions of the socidlemographic and lifestyle har act eri sti cs accordin
depression status are also presented in Table 1. A total of 154 participants screened positive for
MDD on PHE (8.0%; 95% CI 6972). No significant difference in MDD prevalence was noted

between men and womerDepressed participants were more likely to be younger, to have a

lower level of educational attainment, to be heavy drinkers, and to report a poor health status.
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The prevalence of MDD according to age groups is presented in Figure 1. Depression prevalence

varied with age with the highest being in early adult life-gBByears), and declining thereafter.

As shown in Table 2, we calculated the odds ratio for diabetes and hypertension status in
relation to MDD. Among women, MDD was associated with more #4@afd increased odds of
diabetes (OR =4.14; 95% CI: 11®362) after adjusting for confounders. Among men, we
observed no evidence of an association of MDD with diabetes (OR=1.04; 95%-3l08)35
After controlling for confounders, there was no clesidence for a positive association
between MDD and hypertension status in women (OR=1.05; 95% GR.93)7or men

(OR=0.76; 95% CI: 0-357).

As presented in Table 3, the odds of lipid abnormalities in relation to MDD were evaluated.
After adjustingfor possible confounding by age, alcohol consumption, Khat consumption,
smoking status, body mass index, and occupation, there was no statistically significant

association of MDD with lipid abnormalities.

As shown in Table 4, there was no statisticatipiéicant association of MDD with metabolic
syndrome among women (OR=1.51; 95% CI:-8.88) or men (OR=0.61; 95% CI: €1284).In
addition, there was no evidence of statistically significant associations of MDD with increasing
number of MetS componest(p for trend=0.189) (Figure 2). The odds of insulin resistance
among women and men weil®R=2.89; 95% CI. 0-I13.35) and (OR=0.66; 95% CI: 660&L),

respectively. Lastly, MDD was not statistically significantly associated with the odds of chronic
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sysemic inflammation as measured with high CRP concentrations among both women

(OR=0.87; 95% CI: 0-1249) and men (OR=1.51: 95% CI: &519).

DISCUSSION

Given the body of epidemiologic evidence showing that depression is associated with and
increased rik of cardiometabolic disease, we expected that MDD would be associated with
cardiometabolic disease risk factors. However, we found little evidence of such an association
among Ethiopian adults after controlling for confounders. Specifically, MDD wassutiated

with increased odds of hypertension, metabolic syndrome, insulin resistance or inflammation.
However, among women, MDD was associated with more thfmtddincreased odds of

diabetes.

There is a growing body of epidemiologic evidence that sHdi@® as risk factor for diabetes
[19]. Our study results showing significant association between MDD and diabetes among
women are in agreement with some prior studies althougfeliences from this analysis are
limited by our relatively small sizes reflected by the wide 95% @llongitudinal study
conducted among participants in the Mukithnic Study of Atherosclerosis (MESA) found that
depressive symptoms at baseline were associated with an increased incidence of type 2
diabetes after adjustinépr confounding factors. However, baseline impaired fasting glucose
was associated with reduced risk of depression. Other investigators have reported that
depression is a risk factor for diabetes. For insta@anethonret al[36] in their study among

Cardiovascular Health Study (CHS) participants found that older adults who reported higher
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depressivesymptoms were more likely to develop diabetes than their counterparts. Waginer

al [37] also found higher HbAlc (marker of diabetes status) and more diabetes complications
among African Americans with higher depressive symptoms after controlling for confounders.

In the current study, imilar increased odds in insulin resistance were observed for women,
although statistical significance was not achieved. The lack of association observed in our study
is, in part, due to small sample size as reflected by the wider 95% dllksctively the results of

our study and those of others underscore the importance of evaluating depression among
diabetics as it is associated with poor diabetes outcomes such as glycemic control and need of

insulin therapy[19].

In the current study, we found no evidenoéan association between MDD and CRP after
adjustment for possible confounders. There is an accumulating epidemiologic evidence
suggesting an association between depression and elevated levels of inflammatory markers
such as CRR5, 38-41]. For instance, Foret alusing the National Health and Nutrition
Examination Survey (NHANES) reported that MDD was strongly associated with increased CRP
concentrations among men (OR=3.0&’8 CI: 1.3%.48). There was, however, no evidence of
an association of elevated CRP concentrations and depression among J2heBimilar
observation was noted by Dannet alusing NHANES daft43]. Others have also noted that
depression was independently associated with eleva@&P concentratior{g4, 45]. Recently
Wium-Andersenret alin Denmark using population based studies noted that elevated levels of
CRP were associated with increased risk for and depression in the general popgdl@tién

the other hand, Tiemeieet al[17] in their populatiorbased Rotterdam Stydfound no
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significant association between depression and CRP after multivariate adjustment. Although
available evidence suggests an association between depression and inflammation, it remains
unclear whether the inflammation seen in depressed patientsnssult of stress response or
whether cardiometabolic disease risk related inflammation contributes to the pathogenesis of

depression.

Most investigators, though not all, have shown previously that@irgictional association

between depression and hypension in the US and European populatip4g]. Very little is

known, however, about this association among-&dharan Africans. To the best of our
knowledge, to date, only one group of investigators bealuated the relationship. Using a
nationally representative sample from South Africa, as part of the World Mental Health Survey,
Grimsrudet alfound that MDD was not associated with previous medical diagnosis of
hypertension[18]. Our study results documenting lack of association between MDD and
hypertension are in agreement with their findingotably, the South African stud¥8] showed

that anxety disorders were associated with hypertension status. Perhaps, future studies among
sub-Saharan Africans that evaluate other comorbid psychiatric disorders and with longitudinal

cardiometabolic disease risk measures might shed light on this issue.

Similarly, we founaho evidence of associations of MDD with lipid abnormalittzsne
investigators have shown that total cholesterol, in particular, low density lipoprotein (LDL)

cholesterol is associated with increased risks of depression; while higlitglépoprotein is
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inversely related to depressive symptoid$]. This finding is however in contrast with other
reports. Tedderset al [49] using the NHANES survey reported no significant association
between depression and lipid concentrations. However, thinaxs noted a U shaped

association between LDL and depression among #éjn

The relationship between MDD and metabolic syndrome has been widely studied. However,
results have been inconclusive, and few studies have examine&ai@ran African population
[47,50-52]. Our study results are consistent with some prior studies that showed no significant
association between depression and metabolic syndrome (Figures 3)§@ 82]. Our results,
however, are not in agreement with findings from studies by other investigators (supplemental
Figures 1 and 2p3, 54]. Recently, a metanalysis conductelly Paret al[51] reviewed cohort

and crosssectional studies that examined the association between depression and metabolic
syndrome. Within cohort studies, the authors noted albiectional relationship where the

pooled adjusted OR among studies that used depressioheasutcome was (OR= 1.49; 95% CI:
1.19-1.87) and among studies that used metabolic syndrome as an outcome (OR=1.52; 95% CI:
1.20-1.91]. Similar bdirectional associations were found in cressctional studies. The lack of
association observed in most dfd prior studies, in part, may be due to small sample She.
findings documenting gender difference in the magnitude of association between MDD and
metabolic syndrome are in agreement with those reported by others. We do not have clear
explanation for hese findings but we speculate that difference in physical activity and other

lifestyle characteristics might have contributed to the observed differefsgs It is also
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possible that that there could be underlying biological differences in metabolic syndrome risk

among men and women that requires further stuég).

The biological mechanisms linking depression and cardiometabolic disease risk are plausible but
not fully established. Most investigators have suggested that alterations in the hylpotia
pituitary—adrenal (HPA) axis might be playing an important role in the pathophysiology of
depression and cardiometabolic metabolic disefs4. A large proportion of depressed
subjects have autonomic imbalance characterized by increased sympathetic activation,
decreased vagal tone, and abnormal HPA actjli?y41, 58, 59]. In addition activation of the
HPA axis results in increased secretion of corticotropéieasing factor (CRF)5] resulting in
excess cortisol secretion. Cortisol is a cowmnggyulatory hormone known to be associated with
type 2 diabetes, insulin resistance, dyslipidemia, angegnsion[11, 13]. There is also an
expanding literature suggesting endothelial dysfunction as a potential link between
cardiometabolic disease risk and depresdibf 60]. Finally, some investigators have
speculated that depression may be associatedhwithealthy lifestyle habits, such as smoking,
non-compliance with medical recommendation, unhealthy diet, and physical inactihigh in
turn increase the risk of cardiometabolic dise§8#&]. While conclusive answers about the
mechanistic link between cardiometabolic disease risk and depression remain elusive, an
increasing body of research has begun to shed light on these importamtstdpiearly,

however, future research is needed to more definitively establish a causal link and to help

understand the role of depression in the pathogenesis of cardiometabolic disease.
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The results of the current study have several potential limitatitwas bear on the

interpretation of the study findings. First, our analyses are based on-sexd®nally collected

data which leaves ambiguity concerning the temporal relation between depression and
cardiometabolic disease. Longitudinal studies are neddagkamine the temporal association
between depression and cardiometabolic disease risk. Second, although we adjusted for several
potential confounders, we cannot exclude the possibility of residual confounding due to
misclassification of adjusted variaislor confounding by other unmeasured variables. Third,

the classification of MDD was done using the PHg§iestionnaire that does not give definitive
clinical diagnosis of depression. However, use of validated instruments such e&rierh@ins

the most faasible method of data collection for largeale epidemiological studi¢s2]. Fourth,

given the imperfect sensitivity and specificity of RBI@ our study, there is a possibility of
misdassification of MDD. The impact of this rdifferential misclassification would generally
underestimate the true magnitude of associations detected in our sf@8)y Findings from

other studies that used screening and diagnostic instruments with beggchometric

properties attenuate concerns about misclassification of MDD status. Fifth, though we consider
it very unlikely, we cannot rule out the possibility of missing weaker associations or association
that may only be present among sgbecific sulgct groups. However the consistencies of our
findings with prior studies, in part, provide some assurance that misclassification and other
biases are probably not responsible for the observed association. Finally, our study findings may
not be generalizetb the broader Ethiopian population since our study was limited to a largely
well-educated, urban dwelling, occupational cohort comprised of whabar professionals in

banking and academic sectors. The concordance of our results with those from attmsst
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that have included various soeexonomic status and geographically diverse populations,

however, serve to attenuate some concerns about the generalizability of our findings.

In conclusion, our study results do not provide convincing evidence o€iassns of MDD with
cardiometabolic disease among Ethiopian adults. Future studies need to evaluate the
associations of other psychiatric disorders on cardiometabolic riskshed further light on

these relationships among stfiaharan Africans.
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Table 5.1-Characteristics of the study population according to major depressive disorder

status

All Depression No Depression
N=1,924 N=154 N=1,770
Characteristic n (%) n (%) n (%) P-value”
Mean Age 35.9+11.8 33.1+10.9 36.1+11.9
Sex
Women 759 (39.4) 60 (39.0) 699 (39.5) 0.897
Men 1,165 (60.6) 94 (61.0) 1071 (60.5)
Age (years)
18-29 799 (41.6) 83 (54.3) 716 (39.8) 0.017
30-39 441 (22.9) 32 (20.9) 409 (23.6)
40-49 307 (16.0) 17 (11.1) 290 (16.5)
50-59 353 (18.4) 20 (13.1) 333 (18.9)
260 21 (1.2) 1 (0.6) 20 (1.2)
Education
< High schoc 564(29.3) 55 (35.7) 509 (28.8) 0.069
> Coll ege ec 1,360 (70.7) 99 (64.3) 1,261 (71.2)
Smoking status
Never 1,670 (86.8) 126 (81.8) 1,544(87.2) 0.153
Former smoker 84 (4.4) 10 (6.5) 74 (4.2)
Current smoker 170 (8.8) 18 (11.7) 152 (8.6)
Alcohol consumption in
Non drinker 435 (22.6) 25 (16.2) 410 (23.2) 0.032
Moderate 1,353 (70.3) 112 (72.7) 1,241 (70.1)
Heavy 136 (7.1) 17(11.1) 119 (6.7)
Khat use
No 1,758 (91.4) 137 (89.0) 1,621 (91.6) 0.256
Yes 165 (8.6) 17 (11.0) 148 (8.4)
Selfreported health status
Excellent/very good/good  1,161(60.3) 61 (39.6) 1,100 (62.2) <0.001
Poor/fair 763 (39.7) 93 (60.4) 670(37.8)
"Mean = standard deviation (SD)P-value from ChBquare testoBtudent s t t es't
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Table 5.2—0dds ratios (OR) and 95% confidence intervals (Cl) of diabetes status and hypertension status in relation to major
depressive disorder among men and women

Normal Fasting
Glucose

Impaired Fasting
Glucose

Diabetes Mellitus

Normotensive

Hypertensive

Women

Men

Unadjusted
Model 1
Model 2

Model 3

Unadjusted

Model 1

Model 2

Model 3

1.0 (Reference)
1.0 (Reference)
1.0 (Reference)

1.0 (Reference)

1.0 (Reference)

1.0 (Reference)
1.0 (Reference)

1.0 (Reference)

1.05 (0.561.98)
1.24 (0.662.37)
1.35 (0.933.86)

1.44 (0.742.78)

0.92 (0.551.55)

0.99 (0.581.67)
0.94 (0.541.62)

0.98 (0.571.71)

1.28 (0.374.37)
2.77 (0.7310.65)
3.37 (0.8613.22)

4.14 (1.0316.62)

0.76 (0.272.16)
0.93 (0.322.70)

0.98 (0.332.89)

1.04 (0.353.05)

1.0 (Reference)
1.0 (Reference)
1.0 (Reference)

1.0 (Reference)

1.0 (Reference)

1.0 (Reference)
1.0 (Reference)

1.0 (Reference)

0.93 (0.382.25)
0.94 (0.332.65
0.98 (0.352.77)

1.05 (0.372.99)

0.68 (0.351.32)
0.75 (0.361.53)

0.73 (0.351.47)

0.76 (0.371.57)

Model 1 (age and BMI): Adjusted for age and body mass index

Model 2(lifestyle): Adjusted for age, Khat consumption, alcohol drinking, smoking and physical activity

Model 3 (fully adjusted): Adjusted for age, body mass index, occupation, Khat consumption, alcohol consumption, smokiysjcai@gtivity
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Table 5.3—0dds ratios (OR) and 95% confidence intervals (Cl) of lipid abnormalities in relation to major depressive disorder

among men and women

Lipids (mg/dL)

Women

Men

Unadjusted
OR (95% Cl)

Adjusted*
OR (95% Cl)

Unadjusted
OR (95% ClI)

Adjusted*
OR (95% ClI)

HDL-C
Low (<40)
Normal (4060)
Hi gh (= 60)
LDL-C
Optimal (<100)
Above optimal (104.29)
High (>130)
TC
Desirable (<200)
Borderline high (20@39)
High ¢ 240)

Triglycerides
Normal(<150)
Borderlinehigh (150199)
High ¢ 200)

1.00 (Reference

0.47 (0.181.18)
0.67 (0.231.94)

1.00 (Reference

1.05 (0.561.96)
0.67 (0.331.36)

1.00 (Reference

1.05 (0.581.88)
0.36 (0.111.29)

1.00 (Reference

0.85 (0.332.20)
1.75(0.664.67)

1.00 (Reference)
0.54 (0.211.38)
0.80 (0.262.41)

1.00 (Reference)
1.25 (0.652.42)
0.94 (0.422.06)

1.00 (Reference)
1.27 (0.682.36)
0.41 (0.091.84)

1.00 (Reference)
1.32 (0.483.61)

3.08 (0.9210.35)

1.00 (Reference)
0.73 (0.421.30)
0.45 (0.131.62)

1.00 (Reference)
0.97 (0.601.59)
0.77 (0.451.33)

1.00 (Reference)
0.87 (0.511.48)
0.62(0.291.32)

1.00 (Reference)
1.01 (0.561.81)
0.64 (0.331.24)

1.00 (Reference)
0.69 (0.391.25)
0.39 (0.111.41)

1.00 (Reference)
1.01 (0.621.68)
0.84(0.471.52)

1.00 (Reference)
0.86 (0.491.51)
0.67 (0.311.50)

1.00 (Reference)
1.16 (0.612.19)
0.70 (0.341.43)

*Adjusted for alcohol consumption, Khat consumption, smoking status, age, body mass index, occupation, and physical activity
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Table 5.4—0dds ratios (OR) and 95% confidence intervals (Cl) of metabolic syndrome, C-reactive protein, and insulin resistance in
relation to major depressive disorder among men and women — Nested case control (156 cases and 360 controls)

All Women Men
Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted**
OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl)
Metabolic Syndrome
No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference’ 1.00 (Reference 1.00 (Reference
Yes 0.70 (0.431.17)  0.93 (0.521.64) 0.54(0.261.13) 1.51 (0.683.29) 1.24 (0.433.59) 0.61 (0.281.34)
C-reactive Protein
Low 1.00 (Reference) 1.00 (Reference, 1.00 (Reference) 1.00 (Reference’ 1.00 (Reference 1.00 (Reference
High 0.71(0.321.54) 0.75(0.341.66) 0.41 (0.121.43) 0.42 (0.121.49) 1.24 (0.433.59) 1.51 (0.564.49)
Insulin Resistance
No 1.00 (Reference) 1.00 (Reference, 1.00 (Reference) 1.00 (Reference’ 1.00 (Reference 1.00 (Reference
Yes 1.13 (0.383.32)  1.32(0.433.99) 2.58(0.689.83) 2.89(0.7311.35) 0.45 (0.063.52) 0.66 (0.085.61)

"Adjusted for age, work place, alcohol consumption, and physical activity

” Adjusted for age, work place, BMI, Khat consumption, and physical activity
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Figure 5.1—Prevalence of MDD symptoms according age
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The prevalence of MDD varied with age with the highest being in early adult 1i#29(§8ars),

and declining thereafter.
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Figure 5.2— Prevalence of MDD symptoms according to number of MetS components
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There waso evidence of statistically significant associations of MDD with increasing number of
MetS components (p for trend=0.189).
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Figure 5.3—Forest plot of cross-sectional studies evaluating the odds of metabolic syndrome
in relation to depression
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Amongmen, the magnitude and direction of associations between metabolic syndrome anc
depressionwas similar to some prior studies
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Figure 5.4—Forest plot of cross-sectional studies evaluating the odds of metabolic syndrome
in relation to depression
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Among women, the magnitude and direction of associations between metabolic syndrome
depression was largely similar to prior studies.
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Chapter 6

Conclusions
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Conclusions

Our overall objective in this thesis was to examine the reliability and validity of thedPHQ

and CIDI instruments among adults in Ethiopia against a psychiatrist administered SCAN
reference standardAs the gold standard might not always be availablealse evaluated

the psychometric properties of the PHagainst a laynterviewer administered CIDI

reference standard and utilizemblvancedstatistical approaches to improve psychometric
properties of the PHE. Additionally, we evaluated the extent to wiin symptoms of

depression are associated with cardiometabolic risk and risk factors among an occupational

cohort of Ethiopians residing in Addis Ababa.

As presented ichapter two, the PHEQ has good reliability and validity (sensitivity (79%)

and specitity (72%)) for diagnosing MDD among Ethiopian adults. The internal consistency
reliability was also found to 0&) QxROEI | ent
analysis showed that a threshold of nine on the PH®as the most appropriate cutodéind

offered the optimal discriminatory power in detecting MDD. In addition, our study provided
strong evidence for the construct validity of the Amharic version of BHQestionnaire.

The results of our factor analysis revealed unidimensionality withpabée factor loadings

on a major core depressive factor and adequate item discrimination values.

In chapter three our results provided evidence that the Amharic version of the CIDI is a tool

with high internal reliability (Cronbach’s
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the construct validity of the Amharic version of the CIDI in diagnosing MDD. Tbe fac
analysis revealed unidimensionality of core depression screening questions with good factor
loadings on a major core depressive factor. Adults classified with MDD by the CIDI had
lower quality of life scores across physical, psychological, sociabredaip and

environmental domains. Compared to SCAN reference standard, the CIDI is modestly
effective in MDD diagnosis with a moderate specificity (72.2%) but low sensitivity (51.0%).
Finally, theCIDI had high NPV and low negative LR indicated the paltéor CIDI in ruling

out MDD in a similar outpatient setting.

As shown in chapter fouwe demonstrated how psychometric properties can be biased
when one uses a suboptimal gold standard. Furthermore, improvements in psychometric
properties of the PHE (when compared against CIDI, an imperfect gold standard) were

noted after employing Bayesian latent class modeling approaches.

In chapter five, we examined the extent to which MDD is associated with cardiometabolic
disease risk factor&Ve found little evidence of such an association among Ethiopian adults
after controlling for confounders. Specifically, MDD was not associated with increased odds
of hypertension, metabolic syndrome, insulin resistance or inflammation. However, among

women,MDD was associated withmore than 4fold increased odds of diabetes.
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In conclusiongur study is an important contribution to research focused on guiding
screening and treatment of depression in sthharan AfricalVe provided the first

objective eviénce for the use of PHQand CIDI among Ethiopian adults. Integration of
mental health in primary health care settings has been one of the suggested approaches to
adequately address the burden of mental disorders in low and middle income coulifries
To this end, recently, the Ethiopian Federal Ministry of Health released its first National
Mental Health Strategy that outlines integrating mental health services into Primary Health
Care, one of the most widely recommendapproaches by the WH[2]. As partof this

national strategy, physicians, health officers and nurses are provided training to provide
brief psychosocial interventions and prescribe psychotropic medicatidhs.first step in

the management provision of treatments for depression is itsofife detection.The

systematic use of PH®instruments allows for the early detection of MP&). However, as
with use of any depression assessment tools, screening in routine clinical practice need to
be combined with detailed clinical assessment of screen positives to reduce the proportion

of false positives identifief#].

Future studies should assess the responsiveness and sensitivity € Béted symptom
scorego treatmentamongEthiopian patients. Although we have evaluated the validity of CIDI
in a clinical settig, itwill be important for future studies to evaluates diagnostic validity
within the general populationFurthermore titure longitudinal prospective studies are
warranted toconfirm our findings anélucidate the causal pathways between depression

and cardiometabolic riskzinally, @irther studies are also needed to evaluate the effect of
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other comorbidpsychiatric disorderée.g., generalized anxiety disordecs)

cardiometabolic risk among su®aharan Africans.
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Appendix I—Translation process (Adopted from Omoro et al)

ENGLISH PHQ-9/CIDI #

AMHARIC
TRANSLATER 1

AMHARIC
TRANSLATER 2

A 4 JV

AMHARIC VERSION 1 AMHARIC VERSION 2

DISCUSSION BETWEEN
TRANSLATORS

AMHARIC PHQ-9/CIDI

ENGLISH ENGLISH
TRANSLATER 1 TRANSLATER 2

ENGLISH VERSION 1 ENGLISH VERSION 2

\ /
HARMONIZATION OF
VOCABULARY AND DISCUSSION
v
BACK TRANSLATED ENGLISH

PHQ-9/CIDI
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Appendix Il —-Amharic Version of PHQ-9 Questionnaire

nEe-9° hnn+ hnat neta I2A | enAn
5T P | FST nAe | nPetr
1 YICFT s FATEE mes PULeTRE hd ey 0 1 2 3 ]
FIA(RINHT™) NC7?
2 eHalLi endFrt P IPen 2NC me I 0 1 2 3 1]
04 Condd'T 078t MLZtH?
3 ATPAE Pood 5t TR Pend Pt FIC @23 heom? | O 1 2 3 L]
ML PandFt FIC MLZT7
4 £y Ceo Pt e AP P Usd Mem T 0 1 2 3 1]
5 PN FATF AAeFC mLT N9 Nk PeenAdt 0 1 2 3 L]
FIC NaNFT?
6 ONENP @ TE 0™t 072 ey hddandie 0 1 2 3 L]
MA@ AONari @79 AWT ANLLh NAa- Adnar
Me?
7 YICF AL U2 T oo0AAN METT AN PTINEFTC 0 1 2 3 1]
MLNPF: AFAA 2T AP e BATH S
fLeohh4:?
8 hdAenfar aren, héFt PPIRE @A PS @AY PTInT 0 1 2 3 1]
MEFF N F4m AdeF AOPF AT 0L FAT s
0 A= PorgIC mEY” Pooddadil FIC MLn2+7?
9 M ZHAN mEFI” hé-0F 0T #0318 N4 LhHAN 0 1 2 3 1]
Ao eannt W Inc?
b P Neom's- nage AET M | evin
0 I T L0000 | TFTLEAD-
AALMET | LTLTA
10 [ hyw hAL PmensTaor FICF A2TI2T hing: 0 1 2 3 L]

FE Ne-2 7T hFRENS T PN DALY
AFSEMME &NPTF Acomnd meF hAATF 02F o
MAZT T35t ARCIE 9°F PN AT 24 (W82
me-?
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