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Abstract 

Background: The Nine-Questions Depression-Rating Scale (9Q) has been developed as an alternative assess-
ment tool for assessing the severity of depressive symptoms in Thai adults. The traditional unweighted sum scoring 
approach does not account for differences in the loadings of the items on the actual severity. Therefore, we devel-
oped an Item Response Theory (IRT)-based weighted sum scoring approach to provide a scoring method that is more 
precise than the unweighted sum score.

Methods: Secondary data from a study on the criterion-related validity of the 9Q in the northern Thai dialect was 
used in this study. All participants were interviewed to obtain demographic data and screened/evaluated for major 
depressive disorder and the severity of the associated depressive symptoms, followed by diagnosis by a psychia-
trist for major depressive disorder. IRT models were used to estimate the discrimination and threshold parameters. 
Differential item functioning (DIF) of responses to each item between males and females was compared using 
likelihood-ratio tests. The IRT-based weighed sum scores of the individual items are defined as the linear combination 
of individual response weighted with the discrimination and threshold parameters divided by the plausible maximum 
score based on the graded-response model (GRM) for the 9Q score (9Q-GRM) or the nominal-response model (NRM) 
for categorical combinations of the intensity and frequency of symptoms from the 9Q responses (9QSF-NRM). The 
performances of the two scoring procedures were compared using relative precision.

Results: Of the 1,355 participants, 1,000 and 355 participants were randomly selected for the developmental and 
validation group for the IRT-based weighted scoring, respectively. the gender-related DIF were presented for items 
2 and 5 for the 9Q-GRM, while most items (except for items 3 and 6) for the 9QSF-NRM, which could be used to 
separately estimate the parameters between genders. The 9Q-GRM model accounting for DIF had a higher precision 
(16.7%) than the unweighted sum-score approach.
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Background
Depression is a common mental disorder that is a lead-
ing cause of the global disease burden and deaths by sui-
cide. In 2017, an estimated 264  million people (3.44%; 
range 2–6%) worldwide and 2.62 million people (3.09%) 
in Thailand experienced depression. The prevalence of 
depression in Thailand is slightly different between males 
and females (2.57% vs. 3.56%) and around twice higher 
in the elderly (50 years of age or more) than individuals 
aged 15–49 years old (6.02–6.29% vs. 3.37%) [1].

The measurement of psychological constructs such as 
depression and quality of life is complicated due to there 
being no way of assessing them directly. However, they 
can be quantified with an instrument, of which there are 
several for depression assessment, such as the Hamilton 
Rating Scale for Depression, the Beck Depression Inven-
tory, the Montgomery-Åsberg Depression-Rating Scale, 
the Patient Health Questionnaire-9 (PHQ-9), the Calgary 
Depression Scale for Schizophrenia (CDSS), among oth-
ers [2–6]. A Nine-Questions Depression-Rating Scale 
(9Q) in the northern Thai dialect is a measurement tool 
developed for assessing the severity of depressive symp-
toms in Thais in the northern region of the country since 
many people there do not use the formal Thai dialect in 
their daily lives, especially elderly people and those living 
in rural areas. Communication or interviewing involving 
technical terms in the formal Thai dialect could have led 
to misunderstanding. Researchers conducting a previ-
ous depression surveillance study in the northern region 
of Thailand using a two-question depression screen-
ing test (2Q) in the formal Thai dialect found that some 
participants denied the existence of symptoms related to 
depression due to the question not being relevant in their 
sociocultural context. Therefore, the 9Q in the northern 
Thai dialect was developed to reduce the possibility of 
misunderstanding due to the language barrier. It con-
sists of nine rating scale items about the frequency and 
intensity of the diagnostic symptoms for major depres-
sive disorder [7]. Scoring in the 9Q is commonly summed 
(ranging from 0 to 81 points) based on traditional tech-
niques such as the Classical Test Theory (CTT). In con-
trast to the CTT approach, the Item Response Theory 
(IRT) is a technique for analyzing important aspects of 
measurements (e.g., item difficulty and item discrimina-
tion, as well as ordering of the response categories) and 

offers many advantages over CTT. The authors in [8] 
stated that an IRT model yields the estimated item and 
latent trait while taking variation according to the popu-
lation characteristics into account, and thus can provide 
more comprehensive and accurate evaluations of item 
characteristics. Moreover, it can be applied to assess 
group differences for item and scale functioning and 
evaluate scales containing items with different response 
formats. In addition, it can also be helpful for develop-
ing better health outcome measures and for modeling 
changes over time. Moreover, it has been increasingly 
used as an alternative to CTT for measuring the devel-
opment and validation of psychiatric disorders such as 
depression and anxiety [8–15]. The results from previous 
studies suggest that IRT approach may reveal additional 
information about the actual level of depression or other 
disorders compared to standard sum scoring [16–19].

Previously, researchers have suggested that IRT 
approach may reveal additional information about the 
actual level of depression or other symptoms compared 
to standard sum scoring [16]. Moreover, it may increase 
the precision in discriminating between individual dif-
ferences in items over time [17]. The results of a simu-
lation study indicate that the bias of estimating the rate 
of change over time was reduced by IRT-based scoring 
compared to standard sum scoring [20], possibly due to 
not assuming a constant error along the continuum of 
the measure, which is unlike CTT.

Previously, McNeish and Wolf [21] revealed that factor 
and IRT-based scoring are optimally weighted scales in 
which the loading for each item can be estimated differ-
ently. However, the sum-score approach is based on unit-
weighting scoring that accounts for possible differences 
in the relationship between the latent trait score and each 
item, which can lead to less reliable scoring if the scales 
are scored differently. In addition, the authors also com-
pared the results of using sum-scoring, factor-scoring, 
and simultaneous approaches on Verbal Cognition and 
Speeded Cognition for school membership. Their results 
showed that different scoring methods can result in dif-
ferent results; the first school membership group scored 
significantly higher on Verbal Cognition while the second 
group scored significantly higher on Speeded Cognition, 
which was different from the results using the factor-
scoring regression and simultaneous approaches. This 

Discussion: Our findings suggest that weighted sum scoring with the IRT parameters can improve the scoring when 
using 9Q to measure the severity of the depressive symptoms in Thai adults. Accounting for DIF between the genders 
resulted in higher precision for IRT-based weighted scoring.
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finding suggests that despite high correlations between 
the sum scores and factor scores (R2 = 0.97), small unex-
plained variances between the methods can lead to dif-
ferent conclusions. However, Widaman and Revelle [22] 
suggest that there was variation in factor loadings and 
factor scoring weights across the samples. Since the IRT 
approach takes the variation in population characteristics 
when estimating item parameters and latent traits into 
account [8], we hypothesized that applying IRT parame-
ters as the weighted parameters for weighted sum scoring 
could be beneficial for mitigating this issue.

The PHQ-9 is commonly employed as a screening 
tool for depression and its severity in Thailand due to its 
excellent sensitivity and specificity for major depressive 
disorder [2]. However, considering only the frequency of 
symptoms might uncover the intensity of each symptom. 
Moreover, the standard sum score of PHQ-9 or 9Q based 
on CTT might lead to estimation bias between the demo-
graphics of the population and in the follow-up monitor-
ing of people at risk over time. In addition, accounting for 
the differences of responses between genders when scor-
ing for depression or depressive symptom severity has 
rarely been taken into account. Differential item func-
tioning (DIF) is an approach to examine the difference in 
the probability of responding to an item among groups 
with the same psychological construct score. Previously, 
several researchers have found an impact of gender on 
the response pattern for a depression or depressive symp-
toms scale. In a study in Australia, researchers found that 
gender-related DIF was present in three symptoms asso-
ciated with depression in the World Health Organiza-
tion’s Composite International Diagnostic Interview [23]. 
The results of a study among Chilean adolescents indi-
cate that DIF across gender was present in 6 of 13 items 
of the ASEBA School-Age Form Youth Self Report (YSR) 
used to measure depression and anxiety levels, among 
other disorders. These findings suggest that items found 
in commonly utilized measures for anxiety and depres-
sion symptoms may not represent the true level of behav-
ioral problems unless DIF analysis is conducted based on 
gender [24]. The findings from another study on response 
patterns of Brazilian college students by using the Beck 
Depression Inventory-II (BDI-II) indicate that gender-
related DIF was present in one item related to crying, 
implying that women are more likely to respond with a 
higher level of crying behavior than men even when they 
had a similar severity level of depression [25]. These stud-
ies reveal the importance of accounting for the difference 
in response patterns between genders. Therefore, our 
aim was to develop an IRT-based weighted sum scoring 
approach for a depressive symptom severity diagnosis 
tool that provides a more informative and precise indi-
cation of the actual levels of depressive symptoms as an 

alternative to the unweighted sum scoring approach by 
taking gender-related DIF into account. For that purpose, 
the performances of depressive symptom severity detec-
tion using the unweighted and IRT-based weighted scor-
ing approaches for the 9Q were compared.

Methods
Settings and participants
We used secondary data from a study on the criterion-
related validity of a revised 9Q in the northern Thai 
dialect comprising 1,527 individuals from the northern 
region of Thailand. This revised questionnaire was trans-
lated from the central Thai dialect version [7]. Partici-
pants who did not complete all items in the assessment 
or were under 19 years old were excluded from the study. 
The remaining participants were randomly stratified 
with proportional allocation for gender into two groups: 
a developmental group for IRT-based weighted scor-
ing (n = 1,000) and a validation group for performance 
comparison.

Assessments
The approach consisted of several parts, including demo-
graphics, screening for major depressive disorder, and 
diagnosis by an expert. All of the participants were first 
interviewed by a psychiatric nurse to obtain their demo-
graphic data and screen them for major depressive dis-
order using the revised two-question screening test 
[26]. They were then evaluated for depressive symptoms 
by a psychiatric nurse using the revised 9Q, which was 
blinded for another psychiatric nurse who evaluated 
them for major depressive disorder severity by using the 
Hamilton Rating Scale for Depression (HRSD–17). The 
participants were then interviewed by a psychiatrist to 
diagnose major depressive disorder based on the fourth 
edition of the American Psychiatric Association’s Diag-
nostic and Statistical Manual of Mental Disorders (DSM-
IV) [27] and the MINI International Neuropsychiatric 
Interview-Thai version [28].

The 9Q was developed to assess the severity of depres-
sive symptoms whereas the PHQ–9 was used to screen 
for depression. We hypothesized that considering only 
frequency of symptoms might not uncover the severity 
of depressive symptoms, and thus both the frequency 
and symptom intensity were accounted for in the prod-
uct score in the calculation. Development of the 9Q in 
the northern Thai dialect included the following pro-
cesses. (1) Psychiatrists and psychiatric nurses with 
experience of diagnosing depression and who spoke the 
northern Thai dialect consulted with experts in this dia-
lect and patients/relatives living in northern Thailand to 
establish pertinent words and phrases for the questions 
about expressing feelings and mood in the formal Thai 
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dialect version and the DSM-IV criteria by using the Del-
phi technique. (2) The study team formed a focus group 
involving the various populations in the northern area 
across age groups to ensure that the language used in this 
scale enabled efficient communication. (3) The developed 
tool was evaluated for construct validity and reliability by 
using exploratory factor analysis and Cronbach’s alpha 
coefficients, respectively.

The 9Q consists of nine rating scale items: (1) depressed 
mood (Mood); (2) markedly diminished interest or pleas-
ure (Interest); (3) insomnia or hypersomnia (Sleep); (4) 
fatigue or loss of energy (Fatigue); (5) weight loss when 
not dieting or weight gain (Weight); (6) feeling of worth-
lessness or excessive or inappropriate guilt (Guilty); (7) 
diminished ability to think or concentrate, or indeci-
siveness (Concentration); (8) Psychomotor agitation or 
retardation (observable by others, not merely subjective 
feelings of restlessness or being slowed down) (Psycho-
motor); and (9) recurrent thoughts of death, recurrent 
suicidal ideation, or a suicide attempt or a specific 
plan for committing suicide (Suicide). The participant 
scored each item according to the perceived intensity 
(0 = no symptoms, 1 = mild, 2 = moderate, 3 = severe) 
and frequency (1 = several days, 2 = more than a week, 
3 = nearly every day) of major depressive disorder symp-
toms within the previous two weeks. The score for each 
item was calculated as the product of the intensity and 
frequency scores. There are 7 plausible points for the 
product score of each item (0 = no symptoms, 1 = mild 
symptoms for several days, 2 = moderate symptoms for 
several days or mild symptoms for more than a week, 
3 = severe symptoms for several days or mild symptoms 
nearly every day, 4 = moderate symptoms for more than a 
week, 6 = moderate symptoms nearly every day or severe 
symptoms for more than a week, and 9 = severe symp-
toms nearly every day). The total score for the 9Q ranges 
from 0 to 81 points. In the IRT procedure (i.e., assump-
tion testing and parameter estimation), the 9Q product 
labels were defined as 0, 1, 2, 3, 4, 5, and 6 correspond-
ing to the traditional 9Q scores of 0, 1, 2, 3, 4, 6, and 9, 
respectively.

IRT models
This family of models can be used to measure an unob-
servable characteristic or a latent trait (θ) in individuals. 
An important difference between IRT and CTT is that 
the scale for the underlying latent variable that is being 
measured by a set of items is defined in IRT and the items 
are calibrated with respect to the scale. A commonly used 
IRT model for dichotomous items is the two-parameter 

logistic (2PL) model represented by two item parameters: 
item discrimination (a) and item difficulty (b).

Analogous to the 2PL model, IRT models for poly-
tomous items (e.g., the Likert scale) have one dis-
crimination parameter (ai) and a set of discrimination 
parameters for either the between-category threshold 
or the m-1 threshold (bij) for each item. The discrimi-
nation parameter indicates the slope of the category 
response curves with a narrow and peaked curve indi-
cating that the response category differentiates well 
across latent traits. The threshold parameters represent 
the location of the latent-trait level at which individuals 
have a 50% probability of endorsing the next category 
as an adjacent response category [29, 30]. The marginal 
maximum likelihood estimation (MMLE) using an 
expectation-maximization (EM) algorithm is suggested 
for parameter estimation [31, 32]. The polytomous IRT 
models used in our study were the graded-response 
model (GRM) (Eq. 1) and the nominal-response model 
(NRM) (Eq. 2):

where, Pik(θ) = The probability of responding to item i in 
category k (k = 0, 1, …, m).
ai = A discrimination parameter for item i.
aik = A category slope parameter for item i in category 

k.
bik = A threshold parameter for item i in category k.
cik = A category intercept parameter for item i in cat-

egory k.
Since the score for each 9Q item was calculated by 

multiplying its frequency and intensity, some of its 
values were equal even though their endorsements 
can be different. For example, the 9Q score of an indi-
vidual who endorsed mild symptoms nearly every day 
(intensity = 1 multiplied by frequency = 3) is 3 points, 
which is the same as another individual who endorsed 
severe symptoms for several days (intensity = 3 multi-
plied by frequency = 1). Thus, there can be difficulties 
when accounting for this via the traditional ordering 
of the 9Q scores or nominal categorization using IRT-
based scoring. Therefore, we applied the NRM for the 
categorical combination of symptom intensity and fre-
quency on the nominal scale without natural ordering 
in addition to the GRM with ordering.

(1)

Pik(θ) =
exp [ai(θ − bik)]

1+ exp [ai(θ − bik)]
−

exp ai θ − bi(k+1)

1+ exp ai θ − bi(k+1)

,

(2)
Pik(θ) =

exp [aikθ + cik ]
m
∑

k=1

exp [aikθ + cik ]

,
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Model selection
Prior to fitting the IRT model, the unidimensionality and 
local dependence assumptions were evaluated using a 
confirmatory factor analysis (CFA) with a maximum like-
lihood estimator, and local dependence was evaluated by 
using the residual correlation matrix resulting from the 
single factor CFA. Unidimensionality indices, including a 
comparative fit index (CFI) > 0.95, a Tucker Lewis index 
(TLI) > 0.95, and a root-mean-squared error of approxi-
mation (RMSEA) < 0.06, indicate that the fit of the model 
was adequate [33]. A residual correlation value of > 0.20 
possibly indicates local dependence [34]. The monoto-
nicity assumption was evaluated based on Loevinger’s 
H coefficient values for both the total scale (H) and each 
item (Hi). The coefficients for the items (Hi) of ≥ 0.30 and 
the total scale (H) of ≥ 0.50 proved that the monotonicity 
was acceptable [35, 36].

Likelihood-ratio testing was performed to compare the 
IRT models. The model with the lowest Akaike informa-
tion criterion (AIC) and Bayesian information criterion 
(BIC) values was selected for model fitting [37].

The item-fit statistics of each item in the 9Q product 
and the 9QSF combination for the GRM were tested by 
using the chi2W method of Kondratek (2020) [38]. It is a 
Wald-type test statistic that compares the observed and 
expected item mean scores over a set of ability bins. It is 
available as a module in the Stata statistical software suite 
and can be used as an alternative method to assess the 
item-fit statistics for polytomous items.

Differential item functioning (DIF)
This occurs when participants from different demo-
graphic groups (e.g., gender, age) with the same underly-
ing trait score have a different probability of responding 
to an item. The presence of DIF may compromise com-
parisons across subgroups and can lead to misleading 
results, and measurement invariance cannot be presumed 
if DIF is present [39]. It can either be non-uniform, which 
is due to a statistically significant interaction between the 
trait level and the demographic variable (effect modifi-
cation), or uniform, which is the difference between the 
strength of the relationship between the ability and the 
item responses in a model with and without the demo-
graphic variable for each item (confounding) [40].

An IRT-based technique was used to detect DIF for 
polytomous items. The baseline IRT models were fitted 
for all items and then compared to the other model with 
varied discrimination and threshold parameters between 
the reference and focal groups for each item. A compari-
son of models was performed using the likelihood-ratio 
test, with a significant difference (p-value) < 0.05 between 
the baseline and constrained model indicating the pres-
ence of DIF between the groups [39–41].

IRT‑based weighted scoring
The 9Q score (the sum-score of symptom intensity mul-
tiplied by the frequency of each item on an ordinal scale) 
and 9QSF (the categorical combination of symptom 
intensity and frequency on a nominal scale) was com-
pared in this study. In the model selection procedure, 
GRM, which attained the lowest AIC and BIC values 
(Table 2) was used as the baseline model for IRT parame-
ter estimation. For GRM, a discrimination parameter (ai) 
and threshold parameters (bik) for k categories were esti-
mated for each item i. However, GRM could not be used 
for parameter estimation using 9QSF due to the unor-
dered scores of the categorical combinations. Thus, the 
IRT parameters for the 9Q score were estimated based 
on GRM while the parameters for 9QSF were estimated 
based on NRM with 10 plausible combined categories 
(0 = no symptoms, 11 = mild symptoms for several days, 
12 = mild symptoms for more than a week, 13 = mild 
symptoms nearly every day, 21 = moderate symptoms 
for several days, 22 = moderate symptoms for more 
than a week, 23 = moderate symptoms nearly every day, 
31 = severe symptoms for several days, 32 = severe symp-
toms for more than a week, and 33 = severe symptoms 
nearly every day). The number of each category combi-
nation was only used to label the category and was not 
based on the scoring. For the latter model, the k-1 cat-
egory slope or category boundary discrimination (CBD) 
parameters for category sf (ai(sf )) and category intercept 
parameters for category sf (ci(sf )) were estimated for each 
item i.

We also tested IRT models without accounting for 
DIF (9Q-GRM and 9QSF-NRM) along with other mod-
els accounting for DIF (9Q-GRM-DIF and 9QSF-NRM-
DIF). For example, we found that gender-related DIF was 
present in Item 2 and item 5 of the score under the GRM 
model. Therefore, the 9Q-GRM-DIF model was used to 
separately estimate threshold parameters for these items 
according to gender in the IRT-based weighted sum 
scoring.

For IRT-based weighted scoring, we considered that 
the threshold and discrimination parameters (based on 
the GRM) and the category slope parameters and cate-
gory intercept parameters (based on the NRM) can be 
applied as the category weights and item weights for 
the weighted scoring for individual item scores. Thus, 
the IRT-based weighted sum score was calculated 
based on the weighted score for each item. The esti-
mated values of the threshold parameters (bik) under 
GRM were considered as the category weight for item 
i in category k whereas the estimated discrimination 
parameters (ai) were considered as the item weight 
for item i. The 9Q-GRM (or 9Q-GRM-DIF) score for 
individual j is defined as the linear combination of 
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the product of the individual responses and the cate-
gory weights weighted with item weights for all items 
divided by the plausible maximum of the product 
weighted score as follows:

where ai is the discrimination parameter for item i (i = 1, 
2, …, 9), bik is the threshold parameter for item i in cat-
egory k (k = 0, 1, 2, 3, 4, 5, 6), and Xik is the response of 
the individual for item i in category k (0 when category k 
is not endorsed or 1 when it is).

Meanwhile, under the NRM, combining the esti-
mated category slope parameters (ai(sf )) and estimated 
category intercept parameters (ci(sf )) provides the cat-
egory weights. The 9QSF-NRM (or 9QSF-NRM-DIF) 
score for individual j is defined as the linear combi-
nation of the individual weighted responses divided 
by the plausible maximum of the combined weighted 
score as follows:

where ai(sf ) is the category slope parameter for item i 
(i = 1, 2, …, 9), ci(sf ) is the category intercept parameter for 
item i in category sf (sf = 0, 11, 12, 13, 21, 22, 23, 31, 32, or 
33), and Xik is the response of the individual for item i in 
category k (0 when category k is not endorsed or 1 when 
it is).

For example, under the GRM, assuming that the dis-
crimination parameter of item 1 (mood) is 2.50 and the 
threshold parameters categorized from 0 to 6 are 0, 0.50, 
1.00, 1.50, 2.00, 2.50, and 3.00, respectively, the item 
score is 7.50 (2.50 multiplied by 3.00) if the participant 
endorses a severe level for mood nearly every day. The 
sums of all of the item scores were calibrated on a 0–1 
scale by dividing by the plausible maximum sum score, 
and the scale was then multiplied by 81 to enable com-
parison with the 9Q unweighted scores.

Statistical analysis
The demographics of the participants are reported as fre-
quencies and percentages for categorical variables and as 
medians and interquartile ranges (IQRs) for continuous 
variables. Differences between the demographic variable 
values of the developmental and validation groups were 
tested for significance by using Fisher’s exact test and the 

(3)9Q-GRMj =

9
∑

i=1

6
∑

k=0

aibikXik

9
∑

i=1

aibi6Xi6

,

(6)9QSF-NRMj =

n
∑

i=1

33
∑

sf=0

(

ai(sf ) + ci(sf )
)

Xi(sf )

n
∑

i=1

MAX
((

ai(sf ) + ci(sf )
)

Xi(sf )

)

,

Mann-Whitney U test for categorical and continuous 
variables, respectively.

Differences between the means of the depressive symp-
toms severity levels using 9Q sum score (reference) were 
compared with 9Q frequency, 9Q-GRM, 9Q-GRM-DIF, 
9QSF-NRM, and 9QSF-NRM-DIF by using analysis of 
variance (ANOVA) with Bonferroni adjustment. Pair-
wise comparisons for each category were compared using 
independent t-tests. The relative precision (RP) index was 
used to compare the performances of the two scoring 
procedures [42], the results of which are expressed as the 
ratio of the pairwise F-statistics (the IRT-based weighted 
score F-statistic divided by the unweighted sum-score 
F-statistic). This indicator is used to determine how much 
more or less precise the new scoring methods (9Q-GRM 
score, 9Q-GRM-DIF score, 9QSF-NRM score, and 9QSF-
NRM-DIF score) are relative to the traditional method 
(9Q score) for distinguishing the severity of depressive 
symptoms. All analyses were performed using Stata ver-
sion 17 (StataCorp, College Station, Texas 77,845 USA).

Results
Of 1,527 individuals who participated in the primary 
study of the 9Q in the northern region of Thailand, 52 
respondents (3.41%) who did not complete all of the 
items in the 9Q and the HRSD-17 were excluded from 
the analysis. Of the 1,355 participants aged 19 years old 
or more who were included in the study, 920 (67.90%) 
participants were female and the median age was 48 
years old (IQR: 36–58). Most participants were mar-
ried or living with a partner (64.99%). Two-hundred and 
fifteen participants (15.95%) were unemployed while 
around half of the participants (48.88%) had an income 
of less than 5000 baht/month. The major ethnicity and 
nationality of the participants were Thai (89.72% for 
ethnicity and 92.01% for nationality). Five hundred and 
twelve participants (38.18%) had at least one underly-
ing disease (Table 1) such as hypertension, allergy, and/
or diabetes mellitus. One thousand participants were 
randomly selected for the developmental group for the 
IRT-based weighted sum scoring while the remaining 355 
participants were assigned to the validation group. There 
were no differences in the demographic characteristics 
between the two groups (Table 1).

According to item endorsement, more than 80% of 
the participants had no symptoms related to depression 
within the previous two weeks (except for items 2, 3, and 
7). Item 3 had the highest endorsement rate of having 
severe symptoms nearly every day. Almost all of the par-
ticipants (96%) did not report thoughts of physical self-
harm or suicide (item 9) (Fig. 1).

The unidimensionality, local independence, and 
monotonicity assumption indices for the 9Q product 
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Table 1 Characteristics of the participants (N = 1,355)

Demographic All Developmental Group Validation Group p-value

(n (%) or Median [IQR]) (N = 1,355) (N = 1,000) (N = 355)

Gender 0.523a

 Male 435 (32.10%) 321 (32.10%) 114 (32.11%)

 Female 920 (67.90%) 679 (67.90%) 241 (67.89%)

Age 48 [36–58] 49 [36–58] 47 [36–57] 0.602b

 19–59 years 1,086 (80.15%) 793 (79.30%) 293 (82.54%) 0.108a

 ≥ 60 years 269 (19.85%) 207 (20.70%) 62 (17.46%)

Ethnicity (n = 1,353) 0.889a

 Thai 1,214 (89.72%) 897 (89.70%) 317 (89.80%)

 Thai-Yong 123 (9.09%) 92 (9.20%) 31 (8.78%)

 Thai-Laotian 4 (0.30%) 3 (0.10%) 1 (0.28%)

 Thai-Chinese 3 (0.22%) 2 (0.20%) 1 (0.28%)

 Tai Lue 7 (0.52%) 4 (0.40%) 3 (0.85%)

 Others 2 (0.15%) 2 (0.20%) 0 (0%)

Nationality (n = 1,352) 0.751a

 Thai 1,244 (92.01%) 916 (91.88%) 328 (92.39%)

 Thai-Yong 104 (7.69%) 78 (7.82%) 26 (7.32%)

 Thai-Laotian 2 (0.15%) 1 (0.10%) 1 (0.28%)

 Tai Lue 2 (0.15%) 2 (0.20%) 0 (0%)

Relationship status (n = 1,354) 0.991a

 Single 242 (17.87%) 179 (17.92%) 63 (17.75%)

 Married/with a partner 880 (64.99%) 650 (65.07%) 230 (64.79%)

 Divorced 100 (7.39%) 74 (7.41%) 26 (7.32%)

 Widowed 132 (9.75%) 96 (9.61%) 36 (10.14%)

Educational level (n = 1,345) 0.242a

 None 25 (1.86%) 15 (1.51%) 10 (2.84%)

 Primary school 610 (45.36%) 459 (46.22%) 151 (42.90%)

 Lower secondary school 198 (14.72%) 145 (14.60%) 53 (15.06%)

 Upper secondary school 184 (13.68%) 136 (13.70%) 48 (13.64%)

 Diploma 173 (12.86%) 117 (11.78%) 56 (15.91%)

 Bachelor 139 (10.33%) 108 (10.88%) 31 (8.81%)

 Masters 16 (1.19%) 13 (1.31%) 3 (0.85%)

Occupation (n = 1,348) 0.223a

 Unemployed 215 (15.95%) 161 (16.18%) 54 (15.30%)

 Employee 602 (44.66%) 451 (45.33%) 151 (42.78%)

 Government official 78 (5.79%) 61 (6.13%) 17 (4.82%)

 Merchant 149 (11.05%) 101 (10.15%) 48 (13.60%)

 Agriculturist 220 (16.32%) 164 (16.48%) 56 (15.86%)

 Business owner 52 (3.86%) 32 (3.22%) 20 (5.67%)

 Student 32 (2.37%) 25 (2.51%) 7 (1.98%)

Income (baht/month) (n = 1,340) 0.254a

 < 5,000 655 (48.88%) 495 (49.95%) 160 (45.85%)

 5,000–10,000 434 (32.39%) 318 (32.09%) 116 (33.24%)

 10,001–20,000 198 (14.78%) 137 (13.82%) 61 (17.48%)

 20,001–40,000 39 (2.91%) 32 (3.23%) 7 (2.01%)

 40,001–60,000 9 (0.67%) 5 (0.50%) 4 (1.15%)

 > 60,000 5 (0.37%) 4 (0.40%) 1 (0.29%)

Underlying disease (n = 1,341) 0.278a

 No 829 (61.82%) 620 (62.69%) 209 (59.38%)

 Yes 512 (38.18%) 369 (37.31%) 143 (40.63%)

N Number of participants in each group, n Number of available observations, IQR Interquartile range
a  p-value derived from a Fisher’s exact test
b  p-value derived from a Mann-Whitney U test
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and 9QSF combination used on participants aged 19 
years old or over produced values close to the accept-
ance criteria. However, the values for participants aged 
13–18 years old were poor (Supplementary Table  1). 
Therefore, IRT parameter estimation and scoring were 
only conducted on the participants aged 19 years old or 
over to avoid critical violations of the IRT assumptions. 
According to the model comparison using the likeli-
hood-ratio test, GRM was the most appropriate model 
for all participants (AIC = 10710.43; BIC = 10898.05), 
as well as for males (AIC = 3299.51; BIC = 3442.14) 
and females (AIC = 7428.65; BIC = 7602.32). However, 
due to the unordered scores for categorical combina-
tions, the NRM model was used to estimate the IRT 
parameters for the 9QSF even when its AIC and BIC 
values were a bit higher (Table  2). According to the 
item-fit statistics, 3 of the 9Q product items were a 
good fit for the GRM (Interest: χ2 = 1.75, p = 0.186; 
Guilt: χ2 = 1.37, p = 0.241; and Psychomotor: χ2 = 3.07, 

p = 0.080) whereas only one item from the 9QSF was 
suitable (Psychomotor; χ2 = 3.21, p = 0.073) (Table  3). 
The results of the DIF analysis show that there were sig-
nificant differences in the responses to items 2 and 5 for 
the 9Q score and items 1, 2, 4, 5, 7, 8, and 9 for the 9QSF 
combination (Table 4). Therefore, we used both IRT models 
without accounting for DIF and the model accounting for 
DIF between males and females in this study.

The estimated IRT parameter values based on GRM 
for the 9Q score are reported in Table 5. For the GRM 
model accounting for DIF, the threshold parameters 
of items 2 and 5 were separately reported for males 
and females. Item 1 had the highest discrimination 
parameter values for both models while item 3 had 
the lowest. The IRT-based weighted sum score for the 
9Q score was calculated by using the estimated dis-
crimination parameters and the threshold parameters 
for items 1 through 9 for the validation group based 
on Eq. 5. The estimated IRT parameter values for the 

Fig. 1 Item endorsements by the participants

Table 2 Item Response Theory model selection for the included participants aged ≥ 19 years (N = 1,355)

GRM graded-response model, NRM Nominal-response model, AIC Akaike information criterion, BIC Bayesian information criterion, NA Not applicable

9Q Item Scoring Group GRM NRM

AIC BIC AIC BIC

9Q frequency sum score Participants 10710.43 10898.05 10730.00 11011.43

Gender Male 3299.51 3442.14 3315.27 3523.17

Female 7428.65 7602.32 7442.44 7702.95

9Q unweighted sum score Participants 13162.36 13490.68 13213.99 13776.84

Gender Male 4012.09 4256.61 4031.50 4439.04

Female 9163.92 9467.86 9211.65 9732.68

9QSF combination Participants 13688.86 14147.48 13741.36 14559.58

Gender Male 4167.76 4473.41 4200.43 4734.30

Female 9535.17 9950.06 9578.23 10311.54
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9QSF combination based on NRM are reported in 
Table  6. Since endorsements for some combinations 
of the 9QSF were absent, we used the values from the 
other gender when they were absent for a particular 
gender or the values from the previous set of frequen-
cies with the same intensity when they were absent for 
both genders. The category slope and intercept param-
eter values are reported separately for each category 
for the model without accounting for DIF and addi-
tionally separated by gender for the model account-
ing for DIF. The IRT-based weighted sum score of the 
9QSF combination was calculated using the estimated 
parameters for the validation group based on Eq.  6. 
Examples of the raw score for each item, 9Q score, 
9Q-GRM, 9Q-GRM-DIF, 9QSF-NRM, and 9QSF-
NRM-DIF score are summarized in Supplementary 
Table 2.

Table 3 Item-fit statistics for the 9Q product and 9QSF 
combination items’ suitability for the GRM by using chi2W item-
fit statistics (adult participants; N = 1,355)

p-values were derived from the chi2W values for polytomous items according to 
Kondratek (2020) [38]

9Q Product 9QSF Combination

Mood (χ2=25.57, p<0.001) Mood (χ2=39.37, p<0.001)

Interest (χ2=1.75, p=0.186) Interest (χ2=6.48, p=0.011)

Sleep (χ2=7.57, p=0.006) Sleep (χ2=9.28, p=0.002)

Fatigue (χ2=4.90, p=0.027) Fatigue (χ2=4.49, p=0.034)

Weight (χ2=5.98, p=0.015) Weight (χ2=10.46, p=0.001)

Guilt (χ2=1.37, p=0.241) Guilt (χ2=7.07, p=0.008)

Concentration (χ2=4.76, p=0.029) Concentration (χ2=9.96, p=0.002)

Psychomotor (χ2=3.07, p=0.080) Psychomotor (χ2=3.21, p=0.073)

Suicide (χ2=22.79, p<0.001) Suicide (χ2=45.38, p<0.001)

Table 4 DIF analysis between males and females (N = 1,355)

9Q The Nine-Questions Depression-Rating Scale, GRM Graded-response model, NRM Nominal-response model, DIF Differential item functioning, NUDIF Non-uniform 
differential item functioning, UDIF Uniform differential item functioning
a Significance of differential item functioning between males and females (p-value < 0.05)

Depressive Symptoms 9Q Score ‑ GRM 9QSF Combination ‑ NRM

NUDIF UDIF NUDIF UDIF

1. Depressed mood 0.574 0.464 <0.001a <0.001a

2. Markedly diminished interest or pleasure 0.019a 0.012a <0.001a <0.001a

3. Insomnia or hypersomnia 0.166 0.213 0.137 0.106

4. Fatigue or loss of energy 0.557 0.414 <0.001a <0.001a

5. Weight loss when not dieting or weight gain 0.006a 0.003a 0.009a 0.009a

6. Feeling of worthlessness or excessive or inappropriate guilt 0.085 0.059 0.333 0.341

7. Diminished ability to think or concentrate, or indecisiveness 0.454 0.388 <0.001a <0.001a

8. Psychomotor agitation or retardation 0.115 0.072 <0.001a <0.001a

9. Recurrent thoughts of death, recurrent suicidal ideation, or a suicide 
attempt or a specific plan for committing suicide

0.594 0.827 0.006a 0.001a

Table 5 Estimated IRT parameter values for the 9Q score with the GRM for the developmental group

ai, Discrimination parameters for item i; bik Threshold parameters for item i in category k; IRT Item Response Theory, GRM Graded-response model, DIF Differential item 
functioning, M Male F Female

Item IRT Parameter Values Without Accounting for DIF IRT Parameter Values Accounting for DIF

ai bi1 bi2 bi3 bi4 bi6 bi9 Gender ai bi1 bi2 bi3 bi4 bi6 bi9

Mood 4.043 1.111 1.510 1.926 1.998 2.263 2.534 All 3.834 1.189 1.581 1.986 2.056 2.311 2.570

Interest 3.182 0.766 1.464 2.059 2.183 2.504 2.758 M 2.160 1.055 1.796 2.705 2.806 2.920 3.467

F 2.160 0.869 1.698 2.302 2.456 2.917 3.114

Sleep 1.284 1.137 1.894 2.475 2.655 2.997 3.525 All 1.361 1.173 1.894 2.446 2.618 2.943 3.443

Fatigue 3.004 1.303 1.774 2.303 2.436 2.670 2.990 All 3.072 1.360 1.820 2.333 2.578 2.929 3.115

Weight 1.425 1.461 2.013 2.702 2.972 3.351 3.776 M 2.160 1.259 1.675 1.932 2.113 2.442 2.805

F 2.160 1.289 1.706 2.391 2.612 2.827 3.075

Guilty 2.191 1.399 1.876 2.320 2.513 2.820 3.187 All 2.265 1.446 1.909 2.341 2.527 2.823 3.176

Concentration 2.176 1.028 1.835 2.462 2.556 3.004 3.406 All 2.304 1.077 1.853 2.453 2.542 2.967 3.350

Psychomotor 2.063 1.202 1.830 2.443 2.535 2.912 3.376 All 2.194 1.242 1.843 2.427 2.513 2.871 3.311

Suicide 2.997 1.979 2.296 2.605 2.819 3.001 3.290 All 3.176 1.998 2.305 2.603 2.809 3.051 3.285
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Table 7 reports the mean and standard errors of the 
IRT-based weighted sum scores and unweighted sum 
scores for the validation group (N = 355). The IRT-
based weighted sum scores were rescaled from 0 to 
81 to directly compare them with the unweighted sum 
score (the 9Q score), after which it can be seen that 
the mean IRT-based weighted sum scores were higher 
than the 9Q unweighted score. Overall and pairwise 
comparisons between the means of the depressive 
symptoms severity groups show that they were sig-
nificantly different. The RP values show that 9Q-GRM, 
9Q-GRM-DIF, and 9QSF-NRM (1.140, 1.167, and 
1.045, respectively) had higher precision than the 
unweighted sum scores. However, in the pairwise com-
parison, the RP values for IRT-GRM were lower than 
those for the 9Q score when comparing the mean val-
ues for no and severe depression. In addition, the RP of 
9Q-GRM-DIF was higher than those of the other IRT 
models for almost all pairwise comparisons conducted 
in this analysis.

Discussion
We conducted an observational study to develop an IRT-
based weighed scoring approach for a depressive symp-
tom assessment tool suitable for Thai adults. Individuals 
aged 19 years old or more from several areas of northern 
Thailand were interviewed, screened, and the severity of 
their depressive symptoms assessed by using the 9Q and 
HRSD-17, followed by a medical assessment. We discov-
ered that using the IRT-GRM model while accounting for 
DIF for the 9Q score had a higher precision than the tra-
ditional unweighted sum score.

Several items with DIF attained a high discrimination 
parameter value for the actual depression trait. Although 
there are several measurement tools for depression and 
its severity suitable in different settings, ignoring differ-
ences in the discrimination parameter values of an item 
in a measurement tool can cause bias. Scoring of the 
discrimination and threshold parameters across charac-
teristics (e.g., gender, underlying disease, etc.) based on 
the IRT approach might be useful for reducing bias in 
depression and severity measurements. According to the 
DIF analysis, we found that the responses to 9Q items 
2 and 5 were different between males and females. This 
result, which is consistent with the findings from a previ-
ous study [43], could be due to the different underlying 
abilities of the gender groups or else different interpreta-
tions of the item responses. In addition to gender, it has 
also been reported that responses across age and ethnic 
groups are also sensitive to the DIF for some of the items 
in PHQ-9 [44, 45]. However, DIF analysis for between 
ethnic groups was not performed in this study due to an 
insufficient number of participants who were not Thai. 

Further study should be conducted to examine differ-
ences in responses for other characteristics of the partici-
pants not covered in this study.

Both NUDIF and UDIF according to gender were 
present in two items (item 2 “Markedly diminished 
interest or pleasure” and item 5 “Significant weight 
loss or gain”). The significant DIF values concern-
ing depression could be due to the difference in the 
perception of or concern about psychological issues 
between the genders due to not only genetic but also 
social, biological, and environmental factors. Accord-
ing to the Thai culture, and especially in rural areas, 
women take care of the family and do housework 
whereas men work to earn money. However, men can 
relax with colleagues and/or friends more often than 
women. The differences in tasks, environment, and 
lifestyle could have led to women being more prone 
to diminished pleasure from life. The results from a 
previous study on patients undergoing treatment for 
painful conditions in an emergency department in the 
US indicate that the female patients presented higher 
scores for stress and anxiety than the male ones [46]. 
In this case, “interest” was the hallmark depressive 
symptom presenting a difference in responses between 
males and females, and so the evaluator would need to 
have been extra careful for this item when conducting 
the interview to prevent misdiagnosis and misinter-
pretation. In addition, the outcomes from a study on 
the impact of stressful life events on body mass index 
(BMI) changes also show that stressful life events are 
associated with an increase in BMI in females only 
[47]. The difference in this relationship might be due 
to DIF across gender groups.

When estimating the IRT parameters based on GRM 
for the 9Q score, we found that item 1 “Feeling down, 
depressed, or hopeless” had the highest discrimination 
parameter value, meaning that depressive symptoms are 
the most related to depression severity, a finding which 
is consistent with a previous study using CFA [48]. The 
results of the discrimination parameter analysis show 
differences in the correlation between depression sever-
ity and each item. Therefore, IRT procedures that can 
account for the different weights applied to the items 
seem to be appropriate for improving the scoring method 
for the 9Q adapted for northern Thais.

Our results show that accounting for DIF in the 
9Q-GRM model provided higher precision (16.7%) than 
the traditional unweighted sum-score approach. This 
finding suggests that accounting for IRT discrimina-
tion and threshold parameters, as well as the differences 
between responses according to gender, could provide 
higher precision in 9Q scoring to evaluate the sever-
ity of the depressive symptoms. However, as the results 
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of the 9QSF-NRM-DIF indicate, replacing the missing 
estimated parameters with previous categorical values 
when there are missing or non-responses for some of the 
plausible combination categories seems to be inappropri-
ate. Recruiting more participants or finding alternative 
approaches (e.g., simulation) to complete the sample for 
all of the plausible 9QSF categories might improve the 
scoring precision.

Previously, the findings from a study using other 
depression severity measurement tools (the Patient 
Health Questionnaire (PHQ-9) and the Hospital Anxiety 
and Depression Scale (HADS)) also point toward age-
related DIF for 3 PHQ-9 items (“little interest or pleasure 
in doing things”, “feeling down, depressed or hopeless”, 
and “feeling tired or having little energy”), which is con-
sistent with the 9Q items with age-related DIF in our 
study [44]. However, the results from a recent study on 
the DIF of the PHQ-9 among healthcare workers in Thai-
land indicate that DIF was not found in items across age, 
gender, education, or alcohol consumption [49]. This sug-
gests that DIF might be related to the none to low level of 
depression in the healthcare workers.

In addition, considering DIF for several factors could 
lead to estimating a large number of combinations of 
IRT parameters. The findings from a recent study on 
the impact of somatic symptoms on PHQ-9 scores sug-
gest that although several items showed DIF with respect 
to disease-specific severity, salient DIF was present in 
the responses of very few patients [50]. Considering the 
impact of DIF on specific characteristics is worthy of fur-
ther study.

There are limitations to this study, including no 
responses to some of the categories in the 9Q items, 
which makes it impossible to directly estimate the IRT 
parameters for several combinations of 9QSF com-
bination models. Moreover, fewer participants had 
a moderate-to-severe level of depressive symptoms, 
which could have potentially caused estimation bias 
resulting in lower accuracy during parameter estima-
tion involving these groups. In addition, we only per-
formed the DIF analysis according to gender due to 
insufficient participants to create separate groups for 
other variables. Indeed, the parameter estimations 
might have been more precise when considering dif-
ferences in responses according to characteristics 
other than gender. A further study with a larger sample 
size should be conducted to determine DIF in other 
variables and confirm the findings from the present 
study. Moreover, other approaches toward determin-
ing the DIF for polytomous items should be consid-
ered. Finally, the questionnaire used in this study was 
revised into the northern Thai dialect to interview only 
those Thais who understand it. The IRT parameters 

used in this scoring approach might be different when 
used in other settings. Finally, to prevent the necessity 
for psychiatrists, healthcare providers, or research-
ers to compile the IRT-based weighted sum score, we 
plan to develop a user-friendly website and/or smart-
phone app for practitioners to calculate the IRT-based 
weighted sum score automatically after inputting the 
raw data. However, accessing IT equipment and/or the 
Internet could be a limitation for its practical usage. 
Thus, modifying the IRT-based weighted sum scoring 
system to make the calculation easier under these cir-
cumstances would be useful.

Conclusion
In summary, the findings for the parameters of the IRT 
models and scoring methods presented in this study sug-
gest that we improved the scoring method for applying 
9Q to measure the severity of depressive symptoms in 
Thai adults. Accounting for the DIF according to the gen-
der of the participants resulted in higher precision both 
for overall and pairwise comparisons of mean depression 
scores using the IRT models. Our findings could improve 
the precision for evaluating depressive symptoms, which 
could lead to appropriate treatment according to the 
major depressive disorder severity.
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