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A different probability of response to an item among respondents with the same underlying trait, 

differential item functioning (DIF), may compromised comparisons across subgroups and lead to 

misleading results. This cross-sectional study to detect the DIF among 1,475 participants who 

participated in a validity study of the Nine-Questions Depression Rating Scale (9Q) for Thai North 

dialect. The 9Q was consisted of 9 polytomous items assessed for the severity and frequency of 

depression symptoms according to DSM-5 within 2 weeks. The detection of DIF was considered 

between gender, age, underlying disease, and income using item response theory (IRT)-based and 

ordinal logistic regression (OLR)-based approach. The IRT difficulty parameters for each item and 

threshold parameters for each possible category were estimated based on the generalized partial 

credit model. Item 1 has the highest discrimination parameter following by item 9 (2.533 and 

2.387, respectively). The IRT-based approach seemed to be proper than OLR-based approach in the 

examination of DIF and scoring due to the different of discrimination parameters. The DIF were 

presented between gender (item 5 and 8), age (item 1, 2, 4, and 7), and underlying disease (item 2, 

3, 5, 6, and 7). Scoring accounted for the discrimination and threshold parameters based on IRT 

approach might be useful to reduce the bias of depression assessment. 

Keywords: Depression, Nine-Questions Depression Rating Scale, Differential item functioning, 

Item response theory, Thai 

 

1.   Introduction 
 

Depression is a common mental disorder that is a leading cause of the global disease burden and 

suicide. 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%) (Ritchie and 

Roser, 2018). 

The measurement of psychological traits, such as depression and the quality of life, is 

complicated due to there being no measurement to assess those traits directly. However, it 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 Inventory, the Montgomery-Åsberg 

Depression-Rating Scale, and the Patient Health Questionnaire-9. A Nine-Questions Depression 

Rating Scale (9Q) for the Thai North dialect is one of the measurement tools developed to use for 

the assessment of depression severity in Thailand. It consists of nine rating scale items about the 

frequency and severity of the diagnostic symptom criteria for depression (Kongsuk et al., 2018). 
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The observed scores during measurement can be different between groups due to differences in 

the true trait ability or differences among the characteristics of the respondents. Different 

probabilities of response to an item among respondents with the same underlying trait score is 

defined as differential item functioning (DIF), the presence of which may compromise comparisons 

across subgroups and can lead to misleading results (Crane et al., 2004). The traditional calculation 

of the measurement score when not considering DIF might not be proper when the latter occurs, 

and so the aim of this study is to determine the presence of DIF in responses to depression 

assessment tools and related factors pertaining to the Thai population. 
 

 

2.   Methodology 

 

2.1   Setting 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 translated from the central Thai dialect version. Participants who did not 

complete all items in the assessment were excluded from the study. Prior to the analyses for the 

presence of DIF, the demographic characteristics of the remaining participants were obtained: 

gender, age group (adolescent: less than 18 years old, adult: 18–59 years old, and elderly: 60 years 

or higher), underlying diseases, and income (≤5,000, 50,000–10,000, and >10,000 baht per month). 

 

2.2   Depression Assessment 

The 9Q was used as a measurement of depression in this study. It consists of nine rating scale items 

about the severity (0 = no symptoms, 1 = mild, 2 = moderate, 3 = severe) and frequency (1 = 

several days, 2 = more than 7 days, 3 = nearly every day) of depression symptoms within the 

previous two weeks according to the fifth edition of the American Psychiatric Association's 

Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (American Psychiatric 

Association, 2013). The score of each item is calculated as the product of the severity and 

frequency scores. The total score for the 9Q ranges from 0 to 81 points. 

 

2.3   Determining the Presence of DIF 

DIF occurs when participants from different demographic groups (e.g., gender, age) with the same 

underlying trait score have a different probability of responding to an item. It can either be non-

uniform, which is due to a statistically significant interaction between the trait level and the 

demographic variable (effect modification), or uniform, which is the difference between the 

strength of the relationship between the ability and item responses in a model with and without the 

demographic variable for each item (confounding) (Crane et al., 2006).  

The ordinal logistic regression (OLR) technique is an approach based on observing variables to 

determine DIF for polytomous items. The following ordinal response models are fitted prior to 

exploring both uniform DIF (UDIF) and non-uniform DIF (NUDIF): 

 

 f (item response) = ß0 + ß1θ, (1) 

 f (item response) = ß0 + ß1θ + ß2X, (2) 

 f (item response) = ß0 + ß1θ + ß2X + ß3(θX), (3) 

 

where ß0 are the intercept coefficients, ß1 are the regression coefficients of the trait level θ, ß2 are 

the regression coefficients of variable X, and ß3 are the regression coefficients of the interaction 

between trait level θ and variable X. 

 

For NUDIF, the difference between the -2 log-likelihood values of the models in (2) and (3) is 

compared with a Chi-squared distribution (1 degree of freedom), while NUDIF is defined as  

p-value <0.05. For UDIF, the relative difference between the coefficients of the trait level (ß1) 

between the models in (1) and (2) is determined. If the relative difference is at least 10% or there is 

significance in the likelihood between the models, then UDIF has occurred. 
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 Since the OLR approach is considered to be the DIF according to the sum score, which rarely 

signifies a sufficiently precise measure of underlying trait, an approach based on the item response 

theory (IRT) is proposed as an alternative method to determine DIF. The baseline IRT models are 

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 comparison of models is 

performed using the likelihood ratio test, with a significant difference (p-value <0.05) between the 

baseline and constrained model indicating the presence of DIF between the groups (Raykov and 

Marcoulides, 2018).  

 

2.4   Statistical Analysis 

The demographics of the participants are reported as frequencies and percentages for categorical 

variables and as medians and interquartile ranges (IQRs) for the continuous variables. The OLR 

approach was performed using the Stata “DIFDETECT” command (Crane et al., 2006). The 

generalized partial credit model (GPCM) (4), which is an IRT model for polytomous items, was 

preferable for estimating the IRT parameters in this study (Muraki, 1992; Edelen and Reeve, 2007; 

Nering and Ostini, 2010): 
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1

1

1
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( )
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, (4) 

where ( )ikP  is the probability of responding to item i in category k (k = 0, 1, … , m), ai is the 

discrimination parameter of item i, and bik is the threshold parameter for item i in category k. 
 

All analyses were performed using Stata 17 (StataCorp, College Station, Texas, USA). 
 

 

3.   Results and Discussions 

 

Of 1,475 participants included in the study, the majority were female (66.6%), adult (73.6%), did 

not have any underlying diseases (63.8%), and had an income per month of less than 5,000 baht. 

The median age of the participants was 45 (IQR 33–57) years old. Some participants did not 

complete their information about underlying disease and income on patient report form (Table 1). 

 
Table 1: Demographic characteristics of the participants (N=1,475).  

 

Characteristic n (%) or Median [IQR] 

Gender  

Male 493 (33.4%) 

Female 982 (66.6%) 

Age 45 [33–57] 

13–18 120 (8.1%) 

18–59 1,086 (73.6%) 

60+ 269 (18.3%) 

Underlying disease (n = 1,459)  

No 931 (63.8%) 

Yes 528 (36.2%) 

Income (baht/month) (n = 1,453)  

<5,000 759 (52.2%) 

5,000–10,000 442 (30.4%) 

>10,000 252 (17.3%) 
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 According to the item endorsement in Figure 1, 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 

participants (96%) did not report thoughts of physical self-harm or suicide (item 9). Table 2 reports 

the discrimination and threshold parameters for all possible combinations of categories for each 

item. The highest discrimination parameter value was obtained for item 1, followed by items 9, 2, 

and 4, all of which are the most related to depression. The discrimination parameter values for 

items 3 and 5 were lower than the others. 

 

 
 

Figure 1: Item endorsement by the participants. 
 

 
Table 2: Estimated parameter based on item response theory using graded response model.  

 

Item 
IRT Parameters from the GPCM 

ai bi(11) bi(12) bi(13) bi(21) bi(22) bi(23) bi(31) bi(32) bi(33) 

1. Depressed mood 2.533 1.508 1.442 2.399 1.659 1.126 2.140 2.393 1.046 1.642 

2. Markedly diminished interest 

or pleasure 

1.885 1.069 1.549 2.910 1.489 0.793 2.829 1.509 1.145 1.713 

3. Insomnia or hypersomnia 0.376 5.117 2.623 5.924 2.334 -3.624 4.126 0.952 -0.762 0.778 

4. Fatigue or loss of energy 1.837 1.890 1.484 2.957 1.295 1.338 2.322 1.781 1.563 1.591 

5. Significant weight loss or gain 0.428 5.734 1.188 6.247 1.701 -1.889 5.430 -1.448 1.456 0.587 

6. Feeling of worthlessness or 

excessive or inappropriate guilt 

1.167 2.473 1.617 2.318 1.681 1.174 2.363 2.649 1.178 0.971 

7. Diminished ability to think or 

concentrate, or indecisiveness 

1.276 1.650 1.695 4.019 0.590 0.851 2.514 2.441 1.787 0.450 

8. Psychomotor agitation or 

retardation 

1.287 1.889 1.608 3.236 2.181 -0.076 3.021 1.091 - 1.547 

9. Recurrent thoughts of death, 

recurrent suicidal ideation, or a 

suicide attempt 

2.387 2.372 1.679 1.962 2.564 1.367 2.070 1.979 - 1.905 

Abbreviations: IRT, the item response theory; GPCM, the generalized partial credit model; ai, the 

discrimination parameter of item i; bi(fs), the threshold parameter of item i with frequency f and severity s. 

0% 20% 40% 60% 80% 100%

Item 1

Item 2

Item 3

Item 4

Item 5

Item 6

Item 7

Item 8

Item 9

No symptom
Several days with mild symptoms
More than a week with mild symptoms
Nearly every day with mild symptoms
Several days with moderate symptoms
More than a week with moderate symptoms
Nearly every day with moderate symptoms
Several days with severe symptoms
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Table 3: Detecting the presence of DIF using the OLR approach. 
 

Item 

Gender Age Underlying Disease Income 

Non-

uniform Uniform 

Non-

uniform Uniform 

Non-

uniform Uniform 

Non-

uniform Uniform 

(p) (%) (p) (p) (%) (p) (p) (%) (p) (p) (%) (p) 

1 0.325 0.0001 0.073 0.995 0.0024 0.386 0.009 -0.0015 0.838 0.189 -0.0031 0.674 

2 0.016 0.0060 0.002 0.071 0.0264 <0.001 <0.001 0.0262 0.006 0.861 0.0024 0.303 

3 0.665 -0.0006 0.072 0.228 0.0014 0.009 0.217 -0.0231 0.003 0.067 -0.0040 0.007 

4 0.071 -0.0003 0.895 0.004 0.0113 0.002 0.920 -0.0118 0.024 0.055 0.0004 0.021 

5 0.257 0.0005 0.734 0.023 0.0010 0.919 0.009 -0.0169 0.121 0.574 -0.0014 0.148 

6 0.829 0.0016 0.310 0.363 0.0254 <0.001 0.459 0.0146 0.215 0.194 -0.0026 0.359 

7 0.299 0.0003 0.895 0.010 0.0110 0.005 0.165 0.0028 0.716 0.230 -0.0035 0.529 

8 0.730 0.0065 0.842 0.422 -0.0008 0.779 0.004 -0.0199 0.001 0.416 -0.0042 0.684 

9 0.141 -0.0005 0.837 0.564 -0.0047 0.847 0.431 -0.0240 0.068 0.410 0.0124 0.024 

The items in bold indicate the presence of DIF (differential item functioning). 
 

 

Table 4: Detecting the presence of  DIF using the IRT approach. 
 

Item 

Gender Age Underlying disease Income 

Non-uniform 

 (p) 

Uniform  

(p) 

Non-uniform  

(p) 

Uniform  

(p) 

Non-uniform  

(p) 

Uniform  

(p) 

Non-uniform  

(p) 

Uniform  

(p) 

Item 1 0.408 0.320 0.018 0.016 0.843 0.836 0.546 0.420 

Item 2 0.094 0.066 0.001 0.004 0.005 0.008 0.241 0.229 

Item 3 0.112 0.242 0.126 0.126 0.049 0.031 0.100 0.116 

Item 4 0.687 0.586 0.004 0.002 0.599 0.520 0.775 0.734 

Item 5 0.003 0.017 0.219 0.366 0.051 0.034 0.179 0.150 

Item 6 0.314 0.240 0.351 0.261 0.240 0.196 0.194 0.185 

Item 7 0.868 0.802 0.035 0.185 0.041 0.255 0.653 0.653 

Item 8 0.006 0.003 0.161 0.086 0.003 0.003 0.084 0.125 

Item 9 0.568 0.761 0.838 0.753 0.568 0.452 0.709 0.713 

The items in bold indicate the presence of DIF (differential item functioning). 
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 According to DIF detection using the OLR approach, DIF between the characteristics was 

present in all of the studied variables, including gender (item 2), age (items 2, 3, 4, 5, 6, and 7), 

underlying disease (items 1, 2, 3, 4, 5, and 8), and income (items 3 and 4). NUDIF was present 

across the groups for all of the studied variables except income, while UDIF was present across all 

of the characteristics (Table 3). 

 In the detection of DIF based on the IRT approach, DIF was present for gender (items 5 and 8), 

age group (items 1, 2, 4, and 7), and underlying disease (items 2, 3, 5, 7, and 8). These variables 

also contained both NUDIF and UDIF across the groups. However, DIF was not present for income 

group (Table 4). 

 The findings from the DIF analyses based on the OLR and IRT approaches were inconsistent. 

Items presenting with DIF were different between the approaches for some variables (i.e., age and 

underlying disease). The most inconsistent presence of DIF was found for age and underlying 

disease. DIF was significant for age (items 3, 5, and 6) using the OLR approach but not with the 

IRT approach, while DIF was only significant for item 1 in the IRT approach. The estimated IRT 

parameters in our study also showed various discrimination parameters in each 9Q item. Findings 

from previous studies suggest that the IRT technique may reveal additional information about the 

actual level of the underlying trait compared to the observed score (Reise and Haviland, 2005; 

Snitz et al., 2012; Gorter et al., 2015; Saracino et al., 2020). Since DIF occurs from the effect 

modification between the characteristics and the trait level or the difference in the strength of the 

relationship between the ability and item responses, the inconsistency in the OLR approach might 

have resulted from not accounting for the different discrimination and threshold parameters related 

to depression for each item. Therefore, the IRT approach is probably more appropriate for 

examining the DIF in polytomous items. 

Both NUDIF and UDIF were present for gender in two items (“item 5: significant weight loss or 

gain” and “item 8: psychomotor agitation or retardation”). These significant DIF values between 

males and females might have resulted from the natural difference concerning gender on perception 

or concern about psychological issues and their effects. The results of previous studies of patients 

undergoing treatment for painful conditions in the emergency department in the United States 

indicate that female patients presented higher scores for stress and anxiety than male ones (Patel et 

al., 2014). 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 (Udo et al., 2014). The difference in this relationship might be due to DIF 

across gender. 

 Four items of the 9Q presented DIF across age groups (“item 1: depressed mood”, “item 2: 

markedly diminished interest or pleasure”, “item 4: fatigue or loss of energy”, and “item 7: 

diminished ability to think or concentrate, or indecisiveness”). Previously, Cameron (2013) using 

other depression measurement tools (the Patient Health Questionnaire (PHQ-9) and the Hospital 

Anxiety and Depression Scale (HADS)) also found age-related DIF on 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 consistent with the 9Q items with age-related DIF in our study. This 

bias between age groups might have resulted from fundamental differences among the adolescent, 

adults, and elderly groups. Therefore, applying an appropriate tool to measure depression according 

to differences due to age might have resulted in a reduction in bias in the assessments (e.g., the 

Children's Depression Inventory (CDI), the Patient Health Questionnaire for Adolescents (PHQ-A), 

or the Geriatric Depression Scale-15 (GDS-15) (Sheikh and Yesavage, 1986; Trangkasombat and 

Likanapichitkul, 1997; Johnson et al., 2002).  

In addition to gender and age, the items related to a feeling of worthlessness and loss of energy 

among the elderly presented DIF in the findings from a previous study conducted among the 

elderly using the GDS-15 across chronic illness groups (Broekman et al., 2008). The DIF across 

illness was also present in our study for the item related to loss of energy. This might have been 

because of the impact of different illnesses leading to a difference in fatigue level across 

participants with and without underlying illnesses.  

Several items with DIF attained a high discrimination parameter value to the actual depression 

trait. Although there are several measurement tools for depression for different settings, ignoring 
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the difference in the discrimination parameter value of an item in a measurement tool could cause 

bias. Scoring of the discrimination and threshold parameters across characteristics (e.g., gender, 

underlying disease, etc.) based on the IRT approach might be useful for reducing bias in depression 

measurement. 

A recent study for the DIF of the PHQ-9 among health care workers found that DIF was not 

found in any items across age, gender, education and alcohol consumption. They suggested that it 

might be related with the no to low level of depression for the health care workers (Jiraniramai et al., 

2021). Detection of DIF across occupation group is interesting. In addition, recent study on the 

impact of somatic symptoms on PHQ-9 scores found that several items showed DIF with respect to 

disease-specific severity, however, the salient DIF was present in very few patients (Katzan et al., 

2021). Considering for the impact of DIF related to characteristics could be useful in further study. 

 The main limitation of this study was the lower number of participants across other interesting 

variables such as nationality, ethnicity, educational background, or occupation. A further study 

with a larger sample size should be conducted to determine DIF in other variables and confirm the 

findings presented in the present study. Moreover, other approaches toward determining the DIF 

for polytomous items should be considered.  
 

 

4.   Conclusion 
 

In this cross-sectional study to determine the presence of DIF in the responses to the 9Q tool for 

depression severity assessment among the northern Thai population, DIF was found in the 

responses for several items according to the participants’ characteristics including gender, age, and 

underlying disease except item 6 and 9. The findings from our study suggest that the IRT approach 

should be used to determine DIF for polytomous items. In addition, accounting for the difference 

between the characteristics of participants might reduce the bias in the scoring or assessment of 

depression severity. 
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