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ABSTRACT

Background: Geriatric depression scale (GDS) is a common screening tool for measuring depression among older
adults. It employs a multi-factor structure and some differential item functioning (DIF) allowing different versions
of GDS across cultures. The present study aimed to identify the short version of the hierarchical scale of GDS in
which all items comprised the invariant item ordering, and items without DIF.

Methods: Participants and Measurement: A total of 803 participants, 70% female, with a mean age of 69.24 years
(SD = 6.88) were enrolled from three geriatric units of tertiary care hospitals. All completed the 15-item GDS.
Three methods of confirmatory factor analysis (CFA) with multiple indicators, multiple cause model, Mokken
analysis and Rasch analysis were applied.

Results: Item 9 (prefer to stay at home) showed poor discriminatory power among all three methods. After
removing DIF items due to sex and age, nine items remained suitable for the shortened version by CFA. When
Mokken and Rasch analysis were applied, only six items remained for the hierarchical scale. Compared with other
related shortened version of GDS, the new GDS-6 proved to have a comparable ability to detect depression as did
the original 15-item GDS.

Limitation: The new GDS-6 needs to be investigated for test-retest reliability to ensure temporal stability of the
scale. This cross-sectional analysis needs replication.

Conclusion: The GDS-6 derived from IRT had measurement properties and met criteria related to unidimension-
ality and ability to separate levels of depression. It was shown to be equal to or better in predicting performance
compared with the original 15-item GDS.

1. Introduction

whether the GDS has a unidimensional or multidimensional construct
remains unclear. If it has multidimensionality, then whether it has suf-

Geriatric depression is a common psychiatric disorder. Its prevalence
ranges from 10 to 15% of older adults in the general population (Kok and
Reynolds, 2017), and 27% in the outpatient setting (Wang et al., 2017).
In Thailand, which has now become an aging society, we found 23%
receiving long term care (Wongpakaran and Wongpakaran, 2012).

To screen for depression among the elderly in epidemiological
studies, the Geriatric Depression Scale (GDS), developed by Yesavage
et al. (1982), has become one of the common instruments for clinical use
with older adults. The 15-item version of the GDS is widely used and has
been translated to many languages (Kim et al., 2013; Mitchell et al.,
2010a). In investigating its psychometric properties, researchers found
the GDS to be a reliable and valid instrument (Chau et al., 2006; Fried-
man et al., 2005; Incalzi et al., 2003; Malakouti et al., 2006). Even though
the GDS aims to screen for depression, in terms of facture structure,
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ficient unidimensionality that individuals can be reliably measured using
the sum and cut-off scores for screening remains unsure. Related studies
have found clear evidence of language differences in the factor structure
of the GDS as well as the possibility of diverse cultural groups (Kim et al.,
2013). Consequently, false estimation of depressive symptoms may be
produced. When total scores are not unidimensional, they are, as stated
by Thurstone (1931), technically invalid because their meaning is un-
certain because what the scores represent remains unclear. Also unclear
is when two individuals with the same score can be considered compa-
rable. The comparisons of mean GDS can be problematic when the scale
has different dimensionalities. In this review, Kim et al. suggested mak-
ing some adjustments, such as removing some culturally or linguistically
biased items.

In addition, the GDS faces a problem of differential item function
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(DIF) which indicated that the items in the scale are responded to
differentially by distinct groups of participants, leading to item multidi-
mensionality and undermining the construct validity.

The DIF items of GDS found were due to sex, age, ethnic, language,
cognitive impairment status or clinical setting, such as residing in a
nursing home (Broekman et al., 2008; Chiang et al., 2009; Kim et al.,
2013; Midden and Mast, 2017; Mitchell et al., 2010b; Wongpakaran
et al., 2013). Even though DIF items have been explored among elderly
subjects, some studies have revealed contradicting results regarding age,
level of education and cognitive impairment for which the discordance
may be contributing to other factors such as culture, sample size or
method of analysis (Tang et al., 2005).

Attempts have been made to eliminate the DIF as well as to shorten
the 15-tem GDS. In addition to an attempt to acquire robust items in the
scale, many researchers are motivated to shorten the GDS to increase
compliance among older adults by endeavoring to take out some prob-
lematic items, while maintaining accuracy for screening. Most in-
vestigators have used Classic Test Theory (CTT) or True Score Theory,
e.g., factor analysis, by removing items with low or poor loading co-
efficients as well as DIF items to reduce the original version to a shorter
one, e.g., the GDS-10, GDS-7, GDS-5, GDS-4, and even GDS-1 (Pock-
lington et al., 2016), hoping that all the items of the scale measure only
one construct (unidimensionality), while retaining the benefit of a
shortened scale.

Despite the numerous GDS revisions made to remedy the original
flaws or to modify it to fit a particular population, the problem remains
when the new version was applied in another sample with a different
language and culture. The method of analysis, based on CTT, clearly
yielded different results especially on DIF, even when conducted on the
same sample. Notably, most investigations used factor analysis to
develop (shorten) a new scale, which has some limitations, for example,
estimates of item difficulty are group dependent (Zanon et al., 2016). In
comparison between CTT and IRT in the same test, a study has shown the
advantages of using IRT approaches over CTT on estimating item diffi-
culties, internal consistencies and standard errors. In CTT, investigators
may not only rely on previous reliability estimates but to estimate their
own and report noted differences, while for the IRT both person and item
reliability were evaluated providing more stable results (Magno, 2009).

In addition, CTT relies largely on the principle of correlation. As ex-
pected, items show high factor loadings and contribute to reliability
through high item-intercorrelation. CTT not only encourages the
recruitment of similar items but also eliminates items with lower corre-
lation with other terms in the scale, e.g., difficult or easy to endorse
items. In comparison, Rasch modeling, a kind of IRT, emphasizes inves-
tigating the entire breadth of the construct, not just high correlation
items (Wright and Stone, 1979). The similarity of wording rather than
the relationship of items with the construct can be misleading in that the
scale is superior in quality, albeit with inflated internal consistency
indices like Cronbach's alpha (Steinberg and Thissen, 1996). In com-
parison, the Rasch Model is based on a strict mathematical model of a
theoretical relationship (Bond, 2015). Item and person fit in relation to
the model are computed and taken to investigate unidimensionality. In
addition, the outstanding advantage of the Rasch model is to not only
provide both item and person fit indices but also render graphic displays
to enable the researcher to decide whether the chosen items are spread
sufficiently along a latent trait continuum, and where extra items might
be included in the scale.

Investigations to shorten GDS using IRT are limited (Chachamovich
et al., 2010), despite the fact that IRT or Rasch provides some advantage
over CTT because IRT has two main models, nonparametric and para-
metric. Roughly speaking, both have the same principle, focusing on the
relation between individual item responses and individual latent trait
values, represented by an item response function (Sijtsma and Molenaar,
2002). The key feature of NIRT is the nonparametric definition of scal-
ability based on homogeneity and the concept of nondecreasing item
response function. A widely used nonparametric IRT is Mokken scaling
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analysis (Watson et al., 2012). The latter parametric developments of IRT
were Rasch model, focusing on the scientific properties of measurement
models and complementary to the nonparametric models. Therefore,
investigators testing for NIRT before PIRT is reasonable.

To create a new scale, the fundamental rule of measurement con-
cerning the ideal property of scales using nonparametric IRT is that items
are scored in the same order by all respondents at all levels of the latent
trait being measured — which means the ‘hierarchical' structure (also
called ‘invariant item ordering-1I0") of the scale. IIO is considered by
experts to be an exacting but important property of scales and a strong
requirement in measurement practice (Ligtvoet et al., 2010; Sijtsma and
Molenaar, 2002).

The advantage of the hierarchical scale is that when an instrument
contains hierarchically ordered items, the items can be ordered from
those indicating mild depressive symptoms to those indicating severe
depressive symptoms. Thus, the total score is clearly interpreted. For
example, a certain total score explains not only how many items but also
which items were scored. The advantage of the IIO in addition to ranking
individuals according to item difficulty, the IIO can detect DIF. An
invariant item ordering connotes that different subgroups from the
population of interest have the same item ordering. When item orderings
differ, this may be an indication of differential item functioning. In a
certain clinical practice, IIO can be advantageous for clinicians as it can
differentiate types of dementia (McGrory et al., 2015). Whether IIO re-
tains a set of items can be examined by IRT including parametric methods
such as Rasch scaling and the nonparametric method of Mokken scaling
analysis (Meijer et al., 1990) (Watson et al., 2012). The hierarchical
scale; on the other hand, is not provided by factor analysis. While no
shortened GDS version is universally valid due to problems of varying
underlying construct and DIF across studies, a shortened one developed
based on hierarchical ordered items has never been proposed.

In the present study, the authors aimed to find hierarchical items
while shortening the GDS. The shorter version should maintain its val-
idity and provide the same acceptable screening accuracy as the original
version of GDS-15 in a tertiary care setting. To ensure these re-
quirements; item hierarchy, unidimensionality and DIF-free were met for
the new, shortened scale; we used three different methods from both CTT
and IRT. First, confirmatory factor analysis (CFA) was used as well as
exploring for DIF items using the Multiple-Indicators Multiple-Cause, due
to its being a common method for most investigators. Second concerns
the nonparametric IRT and finally, parametric IRT models. However, all
methods were compared to identify the potential hierarchical scale for
the shortened GDS, but the IRT was mainly analyzed. Finally, we tested
the performance of this new robust and hierarchical scale in detecting
depression by comparing overall performance using Areas under the
Receiver Operating Characteristic curves.

2. Methods
2.1. Participants and design

These study participants were from the study of depressive disorders,
anxiety disorders and suicide risk (DAS) among the elderly, with data
collected between January 2012 and April 2013. Participants were
recruited from the geriatric departments of four tertiary hospitals across
Thailand. Enrolled participants were aged >60 years, with one of the
following symptoms: dysphoric mood, feelings of boredom, sleep prob-
lems, eating problems, fatigue, memory problems or unexplained somatic
symptoms. Patients with a severe physical illness that may have affected
the interview or completion of questionnaires were excluded including
those who had language barriers, inability to complete the question-
naires, a history of schizophrenia, bipolar disorder or schizoaffective
disorder. The enrollment rate was high (93 %). The Eligible participants
(57%) were screened for clinical disorders wusing the Mini-
Neuropsychiatric Interview for DSM-IV-TR by trained research assistant
nurses Along with interviews, 794 participants (99% response rate)
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completed the self-report questionnaires including the 15-item Thai
Geriatric Depression Scale. Written informed consent was obtained from
all subjects before participating. This study was approved by the insti-
tutional ethical committee of the Central Research Ethics Committee of
Thailand, the ethics committee of Faculty of Medicine, Chiang Mai
University, the ethics committee of Prasat Neurological Institute, and the
ethics committee of Songkhla Rajanagarindra Psychiatric Hospital.

2.2. Instruments

The GDS evaluates the extent to which an individual experiences
depressive symptoms. The GDS is an easy to administer self-report
questionnaire containing 15 items, with a “yes-no” response. The total
scores range from O to 15 after 5-positivele-keyed items have been
reversed. For the Thai version, a standard process using forward and
backward translation was used for translation; details may be found
elsewhere (Wongpakaran et al., 2013). A recent study showed, the
GDS-15 provided a sensitivity of 0.87 and specificity of 0.83 (Dias et al.,
2017). A 2 weeks test-retest reliability of the GDS-15 calculated by
intraclass correlation was 0.83 (Nyunt et al., 2009). For this study,
Cronbach's alpha was 0.81 for the whole sample.

2.3. Analyses

2.3.1. Confirmatory factor analysis

Because the sum score of GDS was nonnormally distributed CFA with
categorical outcome was performed to evaluate the nature of and re-
lations between latent constructs. Weighted least squares with correction
to means and variances (WLSMV) considering suitable estimators for
categorical data were used as estimation the method. A unidimensional
construct of the GDS was analyzed; when the model did not fit the data,
other dimensional models were compared. The fit indexes used for
comparing the goodness of fit included: a Comparative Fit Index (CFI) of
>0.95, a NonNormed Fit Index (NFI) or the Tucker-Lewis Index (TLI)
>0.9, a root-mean-square error of approximation (RMSEA) <0.6 (0.08
considered acceptable fit (Hu and Bentler, 1998, 1999)) and a xz/df
result <3 (Kline, 1998).

DIF or “Item bias is constituted by the fact that subgroups might
perceive questionnaire items differently. In analyzing DIF for sex and age,
the Multiple-Indicators Multiple-Cause (MIMIC) model approach was
applied using Mplus 8 Software (1998-2017, Muthén & Muthén). The
MIMIC model approach to DIF was considered an ordered logistics CFA
model with covariates. With this model, the covariates such as sex and
age could be tested simultaneously (Jones, 2006). Modification indices
were used after initial analysis and error terms correlation was used
when indicated (Byrne, 2010).

2.3.2. Item response theory (IRT)

The rationale of IRT models is based on the set of item-response
functions (IRF) accounting for the relationship between item responses
and the latent trait. The difference between parametric (e.g. Rasch
model) and nonparametric IRT (e.g. Mokken model) concerns the spec-
ification of the probabilistic relationship between individuals and items
of the latent variable. Using mathematical calculations makes the form of
IRF more smoothly parametric than a nonparametric IRT. However, both
models need to meet the four required assumptions for IRT. First, uni-
dimensionality (UD) is the scale measuring only one latent trait. Second,
the local independence (LI) response is only regulated by the abilities not
by other factors, for which this assumption is established when unidi-
mensionality is achieved. Third, monotonicity (M), constitutes the
monotonely nondecreasing function of the latent trait - higher score and
the higher latent trait values and finally, nonintersecting IRF (NI) com-
prises items can be ranked according to their frequency of endorsement
(difficulty), providing hierarchical ordering of scale items (Molenaar
et al., 2000). When the three assumptions of UD, LI, and M were met, the
“monotonic homogeneity (MH) model” is achieved. NI added to MH is
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called “double monotonicity (DM) model”. Because nonparametric IRT
places fewer restrictions than the parametric IRT, it creates a first
impression of the overall quality of the measurement. Therefore,
nonparametric IRT should be conducted before parametric IRT. Mokken
analysis was used for nonparametric IRT, whereas Rasch analysis was
used for parametric IRT(Molenaar et al., 2000).

2.3.2.1. Mokken analysis. Mokken analysis demonstrates whether a
scale is unidimensional, and provides an impression of the overall quality
of the scale, indicating that further parametric IRT methods are justifi-
able. To test for unidimensionality, Mokken analysis uses the method of
scalability, akin to factor analysis to see how many of the scales can be
factored. Two types of scalability are employed. First, scalability co-
efficients H are the considered-capacity of the full scale to order persons
according to their sum score on the dimension representing latent traits.
Second, item scalability involves the coefficient-ability of an item to
contribute to the total score for ordering persons on the dimension rep-
resenting latent traits (Rob R. Meijer and Baneke, 2004; Sijtsma and
Molenaar, 2002). In general, H coefficient should be at least 0.3 to be
acceptable.

Mokken analysis tests monotonic homogeneity by calculating of
Guttman error in which the response does not conform to the Guttman
scaling as hypothesized.

Critical value (Crit) per item was used to determine monotonic ho-
mogeneity by combining evidence about the item's H-value, the fre-
quency and the size of the violations and their significance. As
recommended by Molenar and Sajitsma, under normal circumstances,
e.g., 100-3000 sample, 4-40 items scale, with 2-5 response categories,
Crit values > 80 strongly indicate that an item violates the assumption.
Crit values < 40; on the other hand, are less perfect than Crit value =
0 but may well be attributed to sampling variation rather than due to
systematic model violations (Molenaar et al., 2000).

Finally, Mokken analysis calculates nonintersecting IRF by showing
invariant item ordering (IIO) (Ligtvoet et al., 2010) using methods of
Restscore, Restplit, and Pmatrix. The item exhibiting this assumption
uses the statistic HTrans (HT) of at least 0.3. For H or HT coefficients, 0.3
to 0.4 should be interpreted as weak, 0.4 to 0.5 as moderate, and more
than 0.5 as strong. H and HT are considered indicative of the strength and
structure of a scale. In other words, the data allow invariant orderings of
both individuals (H is high) and items (HT is high). As proposed by
Sijtsma et al., if the DMM fits the data, and IIO can be demonstrated, it
can be resolved that item ordering is invariant across populations and
population subgroups (Sijtsma, 2011). In terms of reliability, Mokken
analysis allows for a reliability of the scale statistic rho, which is com-
parable to Cronbach's alpha (DeJong and Molenaar, 1987).

In summary, to investigate IIO, we followed the method suggested by
Sijtsma et al.(Sijtsma and Ark, 2017) (1) the scalability of the items was
investigated using an automated item selection procedure, (2) mono-
tonicity was investigated by inspecting item rest-score regressions, (3)
110 was investigated using inspecting methods, i.e. the rest-score method,
and the Pmatrix method, and finally (4) the accuracy of the item ordering
was investigated by HT coefficient. For dichotomous items of the GDS,
analysis was performed using the program MSP5 for Windows (Gronin-
gen: ProGamma).

2.3.2.2. Rasch analysis. While Mokken analysis illustrates that the item
can be useful for measurement, parametric models can demonstrate the
performance of an item. The Rasch model estimates measures the posi-
tions of both items and individuals on the continuum latent trait. It can
also be modified to maximize the scale performance. By parametric
method, Rasch model uses a mathematical formula to specify the form of
the relationship between the respondents and the items that defines a
single trait. The model assumes the construct to be unidimensional.
These two parameters are estimated by nonlinear transformation of
raw score into logit (individual logit and item logit), and put them in the
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same scale. Therefore, this common scale comprises two locations of
individual and item. The more severe an individual has (high trait), a
more severely the item will be endorsed (more difficult item).

To assess unidimensionality, the Rasch model computed outlier-
sensitive fit statistics (outfit) mean square (MnSq) and information-
weighted fit statistics (infit) mean square (MnSq). Items with misfit
were considered to violate the assumption of unidimensionality and
should be removed to maintain a unidimensional instrument. An item is
considered to achieve acceptable fit when an outfit or infit value is of
0.5-1.5 (Wright and Linacre, 1994).

As recommended by Linacre, a value 1.5 to 2.0 denotes that item is
unproductive for measurement (but not degrading). Value >2 (underfit)
denotes that an item degrades the measurement properties of the scale.
Value <0.5 (overfit) denotes poor local independence, implying that
ratings on the items are not independent of each other. Discrimination
values of 0.5-2 indicates that the Rasch model is appropriate to analyze
the data (Linacre, 2017).

Rasch reports two reliability concepts, person reliability and item
reliability. Person reliability means capacity of the scale to separate in-
dividuals in two or three levels (comparable to Cronbach's alpha). Item
reliability denotes the relevance of the item for measurement and
whether the sample is large enough to locate the items precisely on the
dimension.

Person separation has different applications and implications from
reliability. Person separation is used to classify people. Value of separa-
tion <2 and person reliability <0.8 denotes that the measurement may
not be sensitive enough to differentiate between high and low per-
formers. In this case, more items may be needed. Item separation is used
to affirm the item hierarchy. Separation value less than 3 and item reli-
ability less than 0.9, implying that the sample is not large enough to
support construct validity or a difficulty with the item hierarchy of the
instrument (Linacre, 2017).

Although DIF are related to parametric models, it also has relevance
in Mokken analysis, where large differences between groups are
observed, in terms of item scalability, perhaps being seen as a DIF in a
broader, more unspecified sense (Adler et al., 2012). DIF was identified
when DIF has a contrast size above 0.5 logits.

Finally, hierarchical scale consists of the set of selected items tested to
predict a gold standard test diagnosis (for major depressive disorder).
The area under the receiver operating characteristic curve (ROC) is used
to predict performance. The sets of items were compared in terms for area
under the ROC. Winsteps was used for Rasch analysis (Winsteps®
(Version 4.3.3) Beaverton, Oregon: Winsteps.com). IBM SPSS version 22
was used for descriptive and ROC analyses (IBM Corp., Armonk, N.Y.,
USA).

3. Results

Table 1 shows the sociodemographic data of the sample. The partic-
ipants’ age average was 69 years old, most were female (70%), with
elementary level of education on average. Most lived with their partner
(63%). More than one half had low income. Twenty-four percent
received a diagnosis of depressive disorder, most of which (72.5%) were
major depressive disorder.

The proportion for each item of the GDS is shown in Table 2. One-
factor CFA had an acceptable fit to the data with Chi-square 316.29, df
90, CFI = 0.963; TLI = 0.956; RMSEA = 0.0561 (90% CI .049, .063), and
WRMR = 1.372. It appeared that item 9, ‘Do you prefer to stay at home,
rather than go out and do new things?’ had negative and low coefficient
value, implying that it did not load on any factor and should be removed
from further analysis.

To find item bias, one covariate of age and sex was added at one time
separately to the structural model and then built up in the measurement
model. We found evidence of DIF associated with sex for two GDS item,
i.e., 13. ‘Do you feel full of energy?’ and 14 ‘Do you feel that your situ-
ation is hopeless?’, and with age for three GDS items, namely, 3 ‘Do you
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Table 1
Demographic data of respondent patients (n = 803).

Characteristics N (%) or Mean + SD

Age, mean (SD) 69.24 + 6.88 (60-89)

Sex

Male 239 (30)
Female 557 (70)
Years of education, mean (SD) 6.63 + 4.9

Marital status
Single 29 (3.61)

Live together 509 (63.39)
Divorced widow 36 (4.48)
Widowed spouse 228 (28.39)
Income (US dollars/month)*

<143 469 (59.4)
143-285 110 (13.9)
286-572 114 (14.9)
>572 96 (12.2)
History of illness

Alcoholism or abuse 9(1.2)
Suicide attempt 11 (1.7)
Other psychiatric diseases 55 (8.7)
Family history

Alcohol or other substance abuse 21 (2.6)

Bipolar disorder 0 (0)

Cognitive disorders 5(0.6)
Depressive disorders 18 (2.2)
Other disorders (schizophrenia, autism, anxiety disorder) 23 (2.9)
DSM-IV clinical disorder

All depressive disorder 190 (23.7)
Major depressive disorder 138 (17.19)
Dysthymia 40 (4.98)
Double Depression 12 (1.49)

Geriatric Depression Scale-15, mean (SD) of total score 52.05 (14.16)

Note.
" Converted 1 USD from 35 THB

feel that your life is empty?’, 7.‘Do you feel happy most of the time?’, 11
‘Do you think it is wonderful to be alive?” and 15 ‘Do you think that most
people are better off than you are?’. In summary, from CFA analysis, 7
items were suggested to be removed; 1 for invalidness and 6 for DIF
items. Therefore, only 9 items were left for the short version.

3.1. Mokken scale analysis results

The results of the separate MSA are shown in Table 3. In general
homogeneity coefficients exhibited moderate strength (Scale: H = 0.34).
Six items (6, 9, 10, 11, 13, and 15 were unscalable (Hj < 0.3). Then 9
items were further checked for monotonicity, all except item 13, and item
4, which had Crit value less than 40. Next, items 13 and 4 were removed
and re-analyzed. None had a Crit value over 40; therefore, 8 items were
retained.

We then assessed noninteraction and invariant item ordering of the
scale using the manifest invariant item ordering method. The results
confirmed that the remaining 8 items made up a moderate Guttman scale
with moderate support for invariant item ordering. The reliability of the
GDS-8 scale was good: Cronbach's a 0.81, Molenaar Sijtsma's p 0.82,
Guttman's A 0.82. However, Item 4 had a minimal violation of Crit value
(actual value 49); therefore, it was retained for further analysis.

3.2. Rasch analysis based on Mokken

All 9 items were included for analysis for Rasch analysis. Item 2
showed misfit when outfit mean square was higher than 2. In exploring
DIF, no DIF value was observed for sex among 9 items whereas items 3, 5,
and 7 showed value. Item 7 showed the most DIF impact as DIF contrast
exceeded a logit of 0.5.

Item 2 was a misfit item while items 7 and 3 had potential DIF. Items 3
and 7 yielded a DIF contrast of 0.50 and 0.71, respectively; therefore,
they were removed. Thus, only 6 items were left for the final set of
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Table 2
Proportion of each item, factor loadings, and DIF items of GDS.
GDS item Yes No EC S.E. EC/ P- DIF for sex DIF for age
S.E. Value

Est./ P- Est./ P-

S.E. Value S.E. Value
1. Are you basically satisfied with your life? 0.881 0.119 0.763 0.039  19.326 0.000 0.456 0.649 —0.934 0.351
2. Have you dropped many of your activities and interests? 0.431 0.569  0.546 0.042 13.075 0.000 —0.433 0.665 1.709 0.088
3. Do you feel that your life is empty? 0.687 0.313 0.757 0.029 26.197 0.000 —1.568 0.117 2.662 0.008
4. Do you often get bored? 0.664 0.336  0.841 0.025  33.707 0.000 —1.006 0.314 0.211 0.833
5. Are you in good spirits most of the time? 0.815 0.185 0.754 0.035  21.462 0.000 0.771 0.441 -1.697 0.090
6. Are you afraid that something bad is going to happen to you? 0.711  0.289  0.563 0.041 13.587 0.000 -0.979 0.328 -1.611 0.107
7. Do you feel happy most of the time? 0.770  0.230 0.786 0.030  25.794 0.000 0.135 0.892 —2.957 0.003
8. Do you often feel helpless? 0.809 0.191  0.855 0.025  33.868 0.000 0.889 0.374 0.447 0.655
9. Do you prefer to stay at home, rather than go out and do new 0.232  0.768 —0.039  0.055 —-0.716  0.474 - - - -

things?

10. Do you feel you have more problems with memory than most? 0.597 0.403  0.369 0.047  7.859 0.000 —0.293 0.769 0.197 0.844
11. Do you think it is wonderful to be alive? 0.657  0.343  0.480 0.043  11.091 0.000 1.641 0.101 —2.045 0.041
12. Do you feel worthless the way you are now? 0.810 0.190 0.866 0.025  34.167 0.000 -1.124 0.261 1.504 0.133
13. Do you feel full of energy? 0.623  0.377  0.551 0.040  13.819 0.000 2.970 0.003 0.940 0.347
14. Do you feel that your situation is hopeless? 0.812 0.188 0.877 0.023  37.321 0.000 —2.031 0.042 0.651 0.515
15. Do you think that most people are better off than you are? 0.731 0.269  0.528 0.044 12.087 0.000 1.427 0.154 2.065 0.039

DIF = Differential Item Functioning, EC = estimated coefficient, SE = standard error.

Table 3

Mokken Scale Analysis results of GDS.
GDS item ItemH #ac #vi #vi/#ac maxvi sum sum/#ac zZmax #1zsig crit
1 0.46 16 0 0.00 0.00 0.00 0.0000 0.00 0 0
2 0.38 15 0 0.00 0.00 0.00 0.0000 0.00 0 0
3 0.36 21 0 0.00 0.00 0.00 0.0000 0.00 0 0
4 0.42 21 0 0.00 0.00 0.00 0.0000 0.00 0 0
5 0.42 21 0 0.00 0.00 0.00 0.0000 0.00 0 0
6 0.28 21 0 0.00 0.00 0.00 0.0000 0.00 0 0
7 0.42 15 0 0.00 0.00 0.00 0.0000 0.00 0 0
8 0.43 21 0 0.00 0.00 0.00 0.0000 0.00 0 0
9 —0.02 21 8 0.38 0.16 0.77 0.0366 2.63 4 170
10 0.20 21 0 0.00 0.00 0.00 0.0000 0.00 0 0
11 0.23 21 1 0.05 0.04 0.04 0.0017 0.42 0 18
12 0.44 21 0 0.00 0.00 0.00 0.0000 0.00 0 0
13 0.28 15 0 0.00 0.00 0.00 0.0000 0.00 0 0
14 0.45 21 0 0.00 0.00 0.00 0.0000 0.00 0 0
15 0.26 21 0 0.00 0.00 0.00 0.0000 0.00 0 0
Scale H 0.337 (0.016)
MS 0.827
alpha 0.816
lamda 0.824

Note.

GDS = Geriatric depression scale.

#ac = the number of active comparisons carried out to check the DM properties of the data.

#vi = the number of violations of DM found in these comparisons.

Crit = Critical value, calculated by summation of the coefficient values of ItemH, #ac, #vi, #vi/#ac, maxvi, sum, sum/#ac, zmax, and #zsig.
MS = Molenaar Sijtsma's p

Table 4

Rasch Analysis results of the GDS.
Item Difficulties Infit MnSq Outfit MnSq Sex Age

DIF contrast p-value DIF contrast p-value

2 —-2.91 1.28 3.23 0.04 0.723 0.23 0.586
1 1.61 1.12 1.27 0.30 0.333 0.24 0.644
3 —0.65 1.05 1.03 0.21 0.442 0.50 0.022
5 0.72 1.05 0.89 0.38 0.170 0.45 0.027
7 0.19 0.96 0.84 0.27 0.267 0.71 0.000
12 0.61 0.89 0.82 0.26 0.329 0.38 0.097
14 0.64 0.86 0.73 0.00 1.000 0.18 0.355
4 —0.82 0.85 0.85 0.46 0.176 0.06 0.712
8 0.62 0.85 0.84 0.13 0.932 0.21 0.408

Note: Significant DIF contrasts are in bold.
GDS = Geriatric depression scale.
Infit = information-weighted fit statistic; Outfit = outlier-sensitive fit statistics; MnSq = mean square. a Loadings are derived from one-factor model.
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hierarchical scale (shown in Table 4).

3.3. ROC analysis

In terms of accuracy of the hierarchical scale of GDS in predicting
depression against the gold standard clinical interview diagnosis, we
used the area under the ROC curve as the criterion to compare the
following set of items: the 15-item (original version) and the 6-item hi-
erarchical scale (Fig. 1).

Both scales provided AUCs of >0.8 denoting good accuracy perfor-
mance (Somoza et al., 1989). No difference in area under the ROC curve
between both scales (p > .05); however, GDS-6 yielded a sensitivity of
73.29 and specificity of 81.24%, whereas GDS-15 yielded a sensitivity of
66.20 and specificity of 84.84%.

Table 5 compared the present findings and other short versions both
using Classic test theory (factor analysis) and Rasch model. Item 1 was
selected from all versions. Likewise, item 10 was deselected from all
versions. Item 9 was removed from most. Internal consistency, illustrated
by Cronbach's alpha, showed all short versions were acceptable.

4. Discussion

The aim of the present research was to identify the hierarchically
ordered items and exclusion of the DIF items to form a shortened version
from the existing GDS that have no clear multidimensional structure. This
hierarchical scale comprised 6 items that showed sufficient internal
consistency and validity. Factor analysis, Mokken analysis and Rasch
analysis yielded quite similar, even though not exact results. The main
difference was from the DIF items identified.

CFA yielded 9 items that corresponded to Mokken and Rasch except
for item 14, ‘Do you feel that your situation is hopeless?” This item was
found to show DIF value for sex but not with IRT method. This discrep-
ancy of the significant DIF was due to the different method of analysis
and length of the scale as well (Linacre, 2017).

Scalability of an item set by Mokken analysis was comparable to
factor analysis, but Mokken provided better results in yielding unidi-
mensionality as we can see that 6 items were removed after using the aisp
method. To put it another way, GDS-15 had insufficient
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Fig. 1. ROC curves of the original and shortened version.
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unidimensionality to use the sum or total score as all items did not
measure the same latent trait. This did not only affect the validity of the
sum score but also the cut-off score for screening for depression. Mokken
analysis results demonstrated that only 10 items should be used; how-
ever, when using DIF taking sex and age into account only 6 items met all
criteria.

The advantage of Mokken and Rasch analysis over CFA is that they
provide a better understanding of item reliability in that the (hierarchi-
cal) ordering of the items is the same for all patients. Some may argue the
necessity of noncognitive measurements like GDS requiring that kind of
I10. To have IIO property implies no DIF is found for any subgroups. We
can see from CFA that GDS (except item 9) met the acceptable criteria for
unidimensionality provided that DIF was ignored. The source of DIF may
be from cultural or racial differences. For example, Item 9 was considered
to exhibit a prominent ‘cultural’ bias due to the differences involving the
elderly way of life. Thai elderly are likely to stay, regardless of feeling
depressed or not. Therefore, this item was invalid as could not assess
depression.

Compared with related studies using the same method of Rasch
analysis, there seems to be more item agreement than when using the
Classic test theory in other related studies. Our present findings had
67.7% item agreement as with other Rasch analysis conducted by Cha-
chamovich et al. (2010) and 83.3% of item agreement with Tang et al.
(Tang et al., 2005).

In comparison with factor analysis, Mokken scaling and Rasch anal-
ysis presented some advantages. Mokken scaling and Rasch analysis can
demonstrate the systematic ordered relationships between items,
whereas factor analysis describes groups of highly correlating items.
Creating ordered relationships improves construct validity (DeJong and
Molenaar, 1987). In addition, the order of difficulty of the items often has
an important theoretical interpretation that is not allowed for in factor
analyses.

When testing for the usefulness of the hierarchical scale GDS, it
demonstrated a comparable ability to the original 15-item GDS despite
comprising only 6 items.

Our results were consistent with Tang et al. in that no difference was
found for the area under the ROC curve between the shorter version and
the original (Tang et al., 2005). Likewise, GDS-7 was developed by
Broekman et al. using factor analysis (Broekman et al., 2011). They
yielded a similar AUC as the original GDS-15. The slight difference be-
tween the present study and GDS-10 and GDS-7 was that ours yielded a
higher positive predictive value than the original, whereas GDS-10 and
GDS-7 yielded lower positive predictive values than the original.

The GDS-4 developed by Allgaier et al. (2013) was found to have
lower AUC than the original GDS-15 (0.82 vs. 0.77) but with low Cron-
bach's alpha among all (0.60). Because they adopted the GDS-4 from
D'ath's study, we assumed that DIF items occurred in their studied sam-
ple. In addition, the Cronbach's alpha of the original GDS-4 in D'ath was
indeed low (0.55) (D'Ath et al., 1994).

Castello et al. used GDS-4 from Almeida and Almeida's study
(different from GDS-4 of D'ath) with primary care patients and found
Cronbach's a coefficient value for the GDS-4 was 0.74. However, the AUC
of this GDS-4 was lower than the GDS-15 (Almeida Osvaldo and Almeida
Shirley, 1999; Castelo et al., 2010). Similar to Allgaier et al., we thought
that the DIF items could not be removed in the Castelo's sample.
Compared with the hierarchical scale of GDS-6, the Cronbach's alpha was
satisfied.

In sum, the hierarchical scale demonstrated a robust construct val-
idity of the test which was supported by a related study involving testing
hierarchical scale (Hidalgo et al., 2015; Li and Zumbo, 2009). Hierar-
chical scale is not only ordered but free from DIF. It can also detect
aberrant item score patterns (Meijer et al., 2008) and to detect differ-
ential item functioning. Moreover, the IIO may be of help to test hy-
potheses concerning psychological constructs (Sijtsma and Molenaar,
2002). Therefore, the items included in the scale should be hierarchically
ordered or else, the cutoffs for screening may be biased (DeJong and
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Table 5
Comparing to other short GDS.
present study GDS10 GDS11 GDS-7 GDS-4 GDS4
Method of analysis M+R CTT Rasch Rasch CTT CTT CTT
item
1. Are you basically satisfied with your life? 6* + 9 11 + + +
5. Are you in good spirits most of the time? 5 + 5 +
14. Do you feel that your situation is hopeless? 4 + 4 2
8. Do you often feel helpless? 3 + 7 9 +
12. Do you feel pretty worthless the way you are now? 2 + 8 3
4. Do you often get bored? 1 + 3 +
10. Do you feel you have more problems with memory than most? +
11. Do you think it is wonderful to be alive? 10 10
13. Do you feel full of energy? 2 1
15. Do you think that most people are better off than you are? + 6 +
2. Have you dropped many of your activities and interests? 1 4 +
3. Do you feel that your life is empty? 5 + +
6. Are you afraid that something bad is going to happen to you? + 6 8 +
7. Do you feel happy most of the time? 7 + + +
9. Do you prefer to stay at home, rather than go out and do new things? +
Cronbach's alpha .80 .76 0.768 n/a 0.80 0.74 0.60
Criteria validity parameters
AUC (original: short) .82 (.82) .82 (.82) n/a .86 (.86) .98 (.99) .91 (.85) (.85)
% Sensitivity (original: short) 66 (73) 66 (72) n/a 79 (65) 97 (93) 89 (84) 69 (88)
% Specificity (original: short) 85 (81) 85 (81) n/a 74 (90) 95 (91) 70 (75) 88 (53)
Positive predictive value (original: short) 49.2 (46.9) 49.2 (45.4) n/a 30 (47) 42 (27) 38 (41) 69 (43)
Negative predictive value (original: short) 91.9 (93.1) 91.9 (92.9) n/a 96 (95) 99.8 (99.7) 97 (96) 88(92)

Note.

The number reflects the order of relationship, the lowest number (1) indicates the least difficult item; the highest number indicates the most difficulty item. (provided

only in Mokken or Rasch model).
CTT = Classic Test Theory.
M = Moken scale analysis, R = Rasch analysis, n/a = not applicable.

Molenaar, 1987).

However, even though IIO reflects that DIF items were removed, it
may be impossible to have a scale that is free from any DIF in depression
because DIF can occur due to many factors involved in depression, such
as individual's perception of depression based on culture, personality
trait, neuroticism, depression history, childhood stress, neuroticism and
stressful life events (Fried et al., 2014; Wongpakaran, Wongpakaran
et al., 2015). To manage DIF, investigators usually focus on the sizeable
magnitude and impact of DIF(Teresi et al., 2008). However, it has been
recommended that adjustments of scale scores were frequently recom-
mended instead of attempting to remove all DIF items (Teresi et al.,
2008).

In addition, the hierarchical scale provides a shorter but comparable
ability of the test compared with the original longer version. Hierarchical
scales can add to clinical interpretation, for instance, a patient respond-
ing ‘no’ to feelings of worthlessness’ is unlikely to respond ‘yes’ to feel-
ings of helplessness or hopelessness, thus, appealing to their ease of use
and scoring (Doyle et al., 2012). This kind of hierarchy is, in fact, clearly
advantageous in cognitive function tests as well as in tests with physical
function such as movement function of any part of the body in rehabil-
itation or orthopedics. For a subjective measure like depression, the study
of ordered relationships of depressive symptom has scarcely been re-
ported. One study on the hierarchy of depressive symptoms was explored
in melancholic features using the Hamilton Rating Scale for Depression.
The results showed that the rank of severity of the melancholic features
were as shown below. First, depressed mood followed by work and in-
terests, somatic symptoms, psychic anxiety, feelings of guilt and finally,
psychomotor retardation. The items “anxiety”, “psychomotor retarda-
tion” and “guilt feelings” seemed more severe than the “somatic symp-
toms”, they did not show the capacity to differentiate individuals in the
person-item map (Primo de Carvalho Alves et al., 2017). For self-report
measurement, a 21-item Beck depression inventory-II was investigated
for hierarchical and dimensional scale using a bifactor model. Despite the
fact that this study was not directly tapped for a hierarchical scale of BDI,
irritability was the least difficulty, whereas suicidal thoughts was the

most difficult item (Al-Turkait and Ohaeri, 2010). For this hierarchical
scale of GDS-6, except for the positive-worded items, the hierarchy of the
item made much clinical sense with the depressive continuum, starting
from the least to the most severe, i.e. ‘get bored’, ‘worthless’, helpless and
hopeless.

4.1. Limitation and future study

The new GDS-6 needs to be investigated for test-retest reliability to
ensure temporal stability of the scale. Despite the fact that the shortened
version conducted was based on a different approach, equivalent accu-
racy in predicting depression was evidenced. We strongly encourage
replicating the study using a similar analysis method to compare the
results with the present study. In addition, envisioning how this GDS-6
would play out in another sample would be difficult. Thus, it should be
investigated using subjects with different cultural backgrounds to
examine item performance as well as to see whether DIF still exists in
another sample including the performance of accuracy for predicting
depression using the area under the ROC curve between the GDS-6 and
the original. In addition, to maximize its usefulness, sensitivity analysis
when using the GDS-6 as an outcome measure should be examined, for
example, during follow-up after treatment either by psychotropic medi-
cation or by psychosocial therapy.

5. Conclusion

Due to the flaws related to unstable structure and the DIF of the GDS
the results could not automatically be generalized or used in a population
with different language and cultural background. The unequivalent
briefer scale makes it difficult to study comparability. We have created
another short version of the GDS based on the notion of hierarchical
items using the current common analysis methods. The hierarchical scale
of GDS-6, derived from IRT, showed that it was equal to or better in
predicting performance compared with the original 15-item GDS and
made better sense in clinical interpretation as compared with the Classic
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Test Theory method. Applying this GDS-6 is in other languages and
cultures would be encouraging.
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