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Abstract

Original Article

Introduction

Worldwide the proportion of geriatric people is growing 
rapidly. As per the World Health Organization (WHO) elderly 
population worldwide will go up to 22% by 2050 from 12% 
estimated in 2015. They have also identified that mental 
illnesses are one of the very significant hindrances at achieving 
a disability‑free life among the elderly (>60 years).[1‑3] Estimates 
suggest around 7% of the elderly suffer unipolar depression.[4]

India is being second‑most populated country in the world, 
also is home to its large geriatric population across country. 
Grover[5] reviewed different Indian literatures dealing with 
depression among elderly. While in the community‑based 
studies the prevalence of geriatric depression ranges from ~8% 
to ~62%, the clinic‑based studies reported ~42% to ~72%.[5] 
Geriatric depression is challenging in particular for primary 

care setting, since it forms a greater proportion among different 
mental morbidities, yet are mostly under‑diagnosed.[4,6] One 
way to combat these challenges is with field‑level screening 
under primary‑care structure. For this purpose, a proper 
screening tool or scale is of essence. The geriatric depression 
scale –  short form (GDS‑SF) has been an efficient tool for 
screening depression among elderly.[7‑9]

Background: The geriatric depression scale – short form (GDS‑SF) considered an important preliminary screening tool, requires translation 
in different regional languages and validation, to become of utmost use in Indian context especially in the field level. Objective: The current 
study aimed to evaluate the psychometric validity of the GDS‑SF translated into Bengali among rural elderly population. Methods: The 15‑item 
GDS‑SF translated to Bengali language was administered to 206 Bengali speaking geriatrics selected maintaining predecided inclusion and 
exclusion criteria from villages under a rural block in West Bengal. Latent trait modelling was used to evaluate the psychometric properties 
of this translated tool. Differential item functioning (DIF) was assessed to measure invariance. Results: The mean age of the participants was 
68.77 years (standard deviation 6.81 years). Majority being female (57.77%), Hindu (87.38%), from a joint family background (90.78%). The 
highest discrimination was observed with item 8 (coefficient 3.682, P < 0.001) followed by item 14 (coefficient 3.020, P < 0.001). Question 
2 had least coefficient for difficulty (−1.344, P = 0.013) while item 15 had highest (0.775, P = 0.001). The questionnaire provided maximum 
information (discrimination) around mean value of latent trait. The total cutoff score of 5 was related nearly to mean latent trait (−0.111). 
Items 10 and 13 showed consistent DIF across different demographic groups. Conclusion: Psychometric properties of GDS‑SF (Bengali) 
established overall construct and content validity of the tool in this community‑based study. Despite some degree of DIF the tool can be used 
as a preliminary screening method in rural community.
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The GDS‑SF has not been validated in Bengali yet. There 
has been many studies attempting to validate the scale in 
Hindi,[5] Tamil,[10] and Gujarati[11] and also in several other 
foreign languages such as Portuguese, Serbian, Iranian, 
Korean, and Nepali.[12‑18] In several previous attempts at 
validating the GDS‑SF in different languages the authors 
identified multifactor structure of the instrument.[13,15‑18] 
Majority of them have addressed the issue with reliability 
estimates and discriminant validity through classical test theory 
assumptions. In assessing health‑outcomes by self‑report tools 
the psychometric properties pertaining to measurement of the 
latent trait holds the key about usefulness of the particular 
tool.[19] Among the researchers attempting to validate the tool, 
only few considered the psychometric property through the 
measurement of latent trait and construct. In this article, the 
authors attempted to evaluate the latent trait properties of the 
GDS‑SF translated to Bengali and its usefulness for screening 
when administered among elderly in the rural areas. 

Materials and Methods

Study population and sampling
The current study was conducted among the Bengali‑speaking 
geriatrics (≥60 years) residing in eleven villages under the service 
area of randomly selected three subcentres under Barasat‑II rural 
block of West Bengal. The number of subjects to be recruited 
from each village was calculated by probability proportionate 
to size  (PPS) method. Segmental design was followed for 
recruitment of the participants from each village with the 
predecided criteria to select one elderly randomly from each 
selected household. Each village was divided into four quadrants 
and households were selected from each quadrant through 
PPS method. Participants having any diagnosed neurological 
disorder (e.g., seizure, Parkinsonism and tremors, paraplegia) 
were excluded. Bed‑ridden and terminally ill geriatrics were 
also excluded from the study. The optimum sample size (taking 
prevalence of outcome 50%) calculated at 5% precision level 
with 80% power, a design effect of 2 and accounting for 10% 
nonresponse and partial‑response was approximately 212. 
Since the objective was examining psychometric validity of the 
questionnaire, the minimum sample: item ratio was considered 
a minimum of 10:1 which yielded a minimum sample size of 
150. After triangulating with the outcome prevalence‑based 
calculation of sample size, to the item‑based calculation, 212 
was considered optimum sample size. After interviewing 212 
participants during June–December, 2017 and then excluding the 
partial‑responses obtained, ultimately, a total of 206 completed 
responses were considered for analysis.

Study tool, translation and back‑translation, and the 
survey
The study tool comprised of a translated version of the 
GDS‑SF (also called GDS‑15),[20] preceded by semi‑structured 
questions on basic socio‑demographic and clinical variables 
pertaining to the geriatrics. The GDS was developed as a 
self‑report clinical screening tool for identifying depressive 

symptoms among the elderly with a “yes/no” response pattern 
to the questions. The original scale comprised of 30 items 
in English.[21] For better feasibility a 15‑item questionnaire 
was developed, which can be completed quickly, making the 
shorter version ideal for people with easy fatigue or limited 
ability to concentrate for longer periods of time.[8,22‑24] Of 
the 15 items in the shorter version, i.e., GDS‑SF, 10 indicate 
the presence of depression when answered positively while the 
remaining 5 (question numbers 1, 5, 7, 11, 13) are indicative of 
depression when answered negatively. For a response in favor 
of depression, 1 point is given and summing all the responses 
a total score is calculated. Score of up to 4 is considered 
normal, while a score of 12 or more almost always signify 
severe depression.[20,23]

The GDS‑15 was translated to Bengali and then back‑translated 
to English with the help of two different experts in the languages. 
Agreement among the original and the back‑translated 
version was calculated for each of the items in the scale. 
Having accepted level of agreement set at 0.8 for individual 
items,[25] three items did not meet the criteria. These three 
items were then again put through the same translation and 
back‑translation process with the help of different experts. On 
reaching the desired level of statistical agreement, the final 
Bengali version was accepted for the current study.

The participants were explained about the current study and 
the study tool before administering the questionnaire. The 
translated GDS, 15 questionnaires, was then administered with 
the help of trained interviewers (trained regarding the study 
tool in light of the objectives of the study) among the selected 
participants after obtaining consent. The Bengali‑translated 
version of the questionnaire was used for the survey. Each of 
the participants was interviewed separately and their responses 
to the questions were noted.

Psychometric validity
Item response theory  (IRT) was used to measure the 
parameters for establishing validity in R 3.5.3  (The R 
Foundation, Vienna, Austria) with packages “ltm” and 
“TAM.”[26,27] Based on the method of modified parallel 
analysis, as put forward by Drasgow and Lissak to identify 
dimensionality of scale with dichotomous items using 
tetrachoric correlation matrix, “unidimTest” function (“ltm” 
package) established a single significant dimension for the 
data.[26,28] Therefore, uni‑dimensional IRT models were 
considered appropriate. As seen with many of the health 
research‑related self‑report questionnaire, the responses are 
often not colluded with guessing contrary to those in other 
tests like an examination with multiple choice questions. 
Although it may be argued that, since items in a scale 
essentially belong to a single continuum of measurement, 
and their response choices are also similar (dichotomous), 
therefore they can be considered having similar discrimination 
throughout, with the exception of difficulty. At this point, 
two approaches emerge for analysis: 1‑parameter logistic 
model (1‑PL) and 2‑parameter logistic model (2‑PL), with 
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the only differentiating factor  –  “discrimination” being 
considered equal along all the items in the 1‑PL model. 
It can be further conceptualized that, in health‑related 
questionnaires, discrimination parameter is not likely to be 
equal along the scale. The factors to be considered are the 
number of items and also the presence of reverse‑coded 
items in a scale. Importantly for self‑report questionnaires 
in health outcomes individual items tend to carry uneven 
discriminative ability. It is often because of this uneven 
discrimination the cutoffs in health‑outcomes tend to vary. 
The 2‑PL model appeared statistically appropriate compared 
to the 1‑PL model as per maximum marginal likelihood 
estimation, Akaike Information Criterion, and Bayesian 
Information Criterion.[29] Considering all the factors 2‑PL 
model was selected. The items in the questionnaire were 
analyzed with the help of discrimination and difficulty 
coefficients, item, and test information functions. Infit and 
outfit statistics were calculated based on mean square statistic. 
A value of 0.5‑1.5 was considered acceptable for measurement 
of the parameters in the 2-PL model.[30]

The test information function provides cumulative information, 
thus providing local reliability over different levels of latent 

trait. Similarly, the test characteristics function provides 
different levels of discrimination over different level of 
the latent trait.[19,31,32] For graphical representations of test 
information and test characteristic functions  [Figure 1], the 
latent trait, i.e., ability denoted by theta (θ), which is actually 
the continuum of depression measured through the survey, 
has been presented in the X‑axis. In order to measure whether 
the items behave consistently or reliably across the different 
socio‑demographic groups gender, religion, family type, 
marital status, and educational status were selected for analysis 
of invariance through differential item functioning  (DIF) 
using logistic model. In the paradigm of latent trait modelling 
invariance helps in factoring out confounding and effect 
modification contributed by these variables.

Ethical issues
The study was approved by the Institutional Ethics 
Committee, Medical College and Hospital, Kolkata 
(Ref. No.MC/Kol/IEC/Non-Spon/569/05‑2017). Permission 
was taken from the Barasat II block administrative officials. 
The data collection was conducted only after obtaining written 
consent from the respondents. The survey was conducted 
maintaining anonymity and confidentiality of the participants. 
For, those who were noted to have a score indicative of 
depression were advised to visit a health‑care facility with 
psychiatry clinic. However, no incentives whatsoever were 
offered to the respondents.

Results

Background characteristics
The socio‑demographic profile of the study participants is 
summarized in Table  1. The mean age of the participants 
was observed to be 68.77 years (±6.81 years). The youngest 
participant was aged 60  years and the oldest was 88  years 
old. Among the participants majority were female (57.77%), 
Hindu  (87.38%), married  (68.93%). Around 90.78% of the 
respondents were from a joint family background. Same 
proportion of the respondents was observed to be living 
with children. Majority had sedentary level of physical 
activity  (50.49%). Among the respondents, 35.44% were 
illiterate, 29.61% had preprimary and 23.30% primary level 
of education. Among the elderly interviewed, 43.22% were 
addicted to tobacco chewing, 31.25% to smoked tobacco, and 
13.25% to alcohol. The remaining 56.80% did not report to 
have any addictions.

Two‑parameter logistic item response theory model
The 2‑PL model for 15‑item GDS is shown in Table 2 along 
with the infit and outfit statistics. While the discrimination 
parameter differentiates the respondents on the items of the 
scale, the difficulty parameter does the opposite. Items 8 and 
14 were observed to have high discrimination parameter, 
3.682  (95% confidence interval  [CI]: 2.285–5.079) and 
3.020  (95% CI: 1.931–4.109) respectively and both 
were statistically significant. However, the difficulty 
parameter was higher for item 14 compared to item 8, 

Figure 1: Test performance of geriatric depression scale – short form 
as per 2‑parameter logistic model item response theory model. (a) Test 
Information Curve (b) Test Characteristic Curve

b

a
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0.598 (95% CI: 0.376–0.805) and 0.482 (95% CI: 0.081–0.459), 
respectively. Item 1 documented a discrimination estimate of 
2.698 (95% CI: 1.775–3.622). Discrimination estimates were 
comparable with that of item 1, for item 4 (2.640, 95% CI: 
1.715–3.566), item 7 (2.634, 95% CI: 1.743–3.526). Although 
comparatively lower, but items 5 and 12 also reported a 
good discrimination with estimates being 2.397  (95% CI: 
1.589–3.205) and 2.322 (95% CI: 1.500–3.143), respectively. 
The highest difficulty was observed with items 15 and 12 with 
estimates of 0.775 (95% CI: 0.310–1.241) and 0.764 (95% CI: 
0.515–1.014), respectively.

Among reverse coded items, item 1 followed by items 7 and 
5 had difficulty estimates of 0.522  (95% CI: 0.304–0.740), 
0.329 (95% CI: 0.120–0.538), and 0.291 (95% CI: 0.076–0.506) 
in respective order. Two more items, i.e., item 11 and 13 were 
also reverse coded. The difficulty of these two items was 
0.070 and 0.227, respectively. However, these estimates were 
not statistically significant. For item 9, equal response was 
noted in terms of yes and no. The discrimination and difficulty 
both for this item was low and the estimates were statistically 
insignificant. While overall the items proved to be having 
good discrimination, the difficulty was low with few items 
only showing higher level of difficulty.

Table 1: Socio-demographic characteristics of the study 
participants (n=206)

Socio‑demographic characteristics n (%)
Sex

Male 87 (42.23)
Female 119 (57.77)

Religion
Hinduism 180 (87.38)
Islam 26 (12.62)

Marital status
Married 142 (68.93)
Widowed 64 (31.07)

Type of family
Nuclear 19 (9.22)
Joint 187 (90.78)

Physical activity
Sedentary 104 (50.49)
Moderate 76 (36.89)
Heavy 26 (12.62)

Educational status
Illiterate 73 (35.44)
Preprimary 61 (29.61)
Primary 48 (23.30)
Middle 23 (11.17)
Secondary 1 (0.49)

Living arrangement
Living alone 19 (9.22)
Living with children 187 (90.78)

Addiction
No addiction 117 (56.80)
Addicted to tobacco and/or alcohol 89 (43.20)
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Differential item functioning
The variability of these 15 items on the latent trait continuum 
with respect to different socio‑demographic groups is 
shown in Table  3 with DIF. The present article deals with 
variability of response across different groups but not about 
the measurement of this variability. Table 3 shows the logistic 
test for DIF, which identifies statistically significant variability 
in response for each of the items. No items reported DIF as 
per different sex of the participants. However, item 1 showed 
statistically significant difference in response for different 
religions. This item also showed differential functioning on 
latent trait continuum (nonuniform) with respect to different 
marital status but was ultimately not significant statistically 
at constant trait level  (uniform). Item 2 recorded only 
nonuniform DIF for educational status (illiterate vs. literate). 
Nonuniform DIF was also statistically significant with item 
3 (family type and educational status), item 4 (family type), 
item 6 (marital status and family type), item 7 (family type), 
item 8  (educational status), item 12 (marital status), and 
item 13  (marital status and religion). Interestingly, for item 
9, statistically significant differential functioning both 
nonuniform and uniform was noted with educational status of 
the participants. For item 10, the differential response was noted 
for difference in educational status only over some range of 
latent trait (nonuniform), but with different religion among the 
respondent the differential response was significant consistently. 
For item 11, different religions of the respondents incurred 
significant nonuniform and uniform DIF. Items 5, 14, and 15 
did not show variability over these socio‑demographic groups.

Overall property of geriatric depression scale – short form
Test information curve  (TIC) is shown in Figure  1a. The 
TIC plots the test information function, while the standard 
error curve is a pictorial measure of change in precision. It is 
evident from the TIC that the maximum information is obtained 
around the mean level of latent trait. Interestingly, the peak of 
information is not at the mean, rather is situated at a positive 
distance from the mean latent trait level. The information from 
the GDS‑SF reaches minimum along both the tails of the curve 
that means as the latent trait level goes further away from the 
mean in either direction. The standard error of measurement 
is minimum at the peak information level and it rises as the 
information decreases in either side. Figure 1b depicts the test 
characteristic curve (TCC), which is basically the summation of 
all the item characteristics. This curve shows that discrimination 
is best around the mean (−0.832–1.96). The mean level of latent 
trait corresponds with expected score of 5.61, i.e., more than 
5 (the cutoff). The test below the trait level of − 0.832 and above 
1.96 reaches a plateau which signifies that in these ranges the 
overall discrimination gets poorer. As per the cutoff, 57.8% of 
the participants were found to be depressed.

Discussion

The traditional methods used for validity analysis for example 
factor analysis, takes into account the presence of latent traits Ta
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in a questionnaire, but considers the responses observed on 
a continuous scale which is not always appropriate, as in the 
case of GDS‑SF. Another commonly employed approaches to 
handle categorical, typically nominal responses in validation 
studies are correspondence and cluster analyses techniques. 
However, the basic problem with these is that they can group 
the responses, but are not able to measure the underlying trait 
that is actually measured. Hays et  al.,[19] thus emphasized 
on using IRT for evaluating validity in outcome measure 
scales, since it can actually measure along the continuum 
of latent trait in the questionnaire. From the construct of the 
questionnaire (yes/no response), it was evident that a binary 
item‑response model would be appropriate for the analysis. 
Latent trait modelling in contrast to classical test theory 
provides the computational means to address the variability of 
reliability and discrimination along the changing continuum 
of trait level for validity of a scale.

The current article did not seek factors but identified a single 
dimension underlying the latent trait continuum of geriatric 
depression being measured by GDS‑15. The results obtained 
in the current study reveals that the scale performs best at 
just above mean level of latent trait. The local reliability[31] 
is best at a positive distance from mean. However, under the 
assumptions of classical test theory the GDS‑15 was found to 
be highly reliable as well (Cronbach’s alpha: 0.87). Brown and 
Schinka[7] reported a high internal consistency and reliability. 
The Portuguese,[16] Iranian,[13] and Serbian[18] version reported 
high values of Cronbach’s alpha  (>0.9), while the Gujarati 
version[11] had an alpha value of >0.8, which is also a very 
acceptable value. On the other hand, the discrimination as 
analysed in the current article is acceptable within the range 
of ±1.96 around mean in the latent trait continuum, though 
within the range −0.832 and 1.31 the discrimination is optimum 
and hence the steep stem in the TCC. Comparable to the 
results in the current article, the Chinese version also reported 
satisfactory discrimination.[33]

When the TIC and TCC are compared, it is evident that with loss of 
local reliability outside the mentioned range (±1.96 around mean) 
the discrimination obtained from the test gets poorer. TCC alone 
however can provide information regarding the best cutoff for 
optimum discrimination. In the validation of the Iranian version, 
the authors used receiver operating characteristic analysis to 
identify the cutoff and reported a value of 7/8 to have optimum 
specificity and sensitivity.[13] Similar cutoff was suggested by 
the authors validating the Tamil version of the scale.[10] The 
current study reveals the cutoff to be 5.61 at the mean trait level. 
However, 5.61 is not a practical score from the tool, thus either 
the cutoff should be at 6 or at 5. For GDS‑SF the cutoff is set at 
a total score of 5, which appears to be slightly below the mean 
trait level in the case of the Bengali version. However, this is 
acceptable as the objective of using this tool in the field setting 
is for effective screening.

The positive direction in the trait continuum implies a 
stronger probability of having depression. After the score of 

13.6 i.e., 1.96 in the trait continuum the TCC loses its slope, 
thereby defining the loss of discrimination. In other words, it 
can be conceptualized that after this level there is no further 
discrimination in terms of having depression or those after 
this level are almost certain to have depression. However, at 
the trait level of 1.31 (expected score 12.5) the TCC loses its 
steep slope and the rate of change in slope that is discrimination 
ability starts to decrease. Therefore, in a broader perspective 
12.5 rather than 13.6 can be treated as the cutoff to be almost 
certain to have depression. Again 12.5 is not a practical 
score in the scale, so the authors take 13. However, the scale 
guidelines[8,22,34] suggest that a score of 12 or more is almost 
always suggestive of depression. However, from a public 
health point of view, the use of this instrument at the field level 
will warrant a single cut‑off of 5 for screening utility.

Finally, the issue of item invariance across groups needs to 
be considered, as it implies a cardinal pillar in the structural 
validity of the tool. Almost all the 15 items in the instrument 
were invariant across different socio‑demographic groups, 
implying that the questions did not carry different meanings 
across different groups of elderly. However, some degree of 
DIF was noted over varying trait level. Midden and Mast[35] 
examined the DIF with respect to cognitive impairment status 
of the patients and found out that there was satisfactory level 
of item invariance across groups.

The current study, emphasizes on the fact that the Bengali 
translated version of the GDS‑SF can be used as a field 
screening instrument among the rural elderly for the 
identification of probable depression. However, the article 
does not provide information regarding the validity among 
those with neurological abnormalities or otherwise diagnosed 
neuropsychiatric disorders. Therefore, if used at field level, 
it should be interpreted cautiously. Some items could not be 
tested for invariance for some socio‑demographic variables 
at the current sample size. A higher power could have yielded 
measurements in this regard. Nevertheless, a community‑based 
validity analysis adds to the strengths of the current study 
alongside the use of more rational analytical method, i.e., 
IRT for establishing the validity of the Bengali translation of 
the GDS‑SF.

Conclusion

It is recommended by the authors to use the version as a 
field‑level screening tool. The scale‑dependent outcome 
of probable depression, can definitely be regarded as the 
hidden portion of the morbidity – the subclinical depression, 
which would also comprise of clinical or overt depression 
manifestations, diagnosed at specialist facilities following 
referral after field‑screening. A cutoff value of 5 can be used 
for screening purposes. In a nut‑shell, the Bengali version of 
GDS‑SF did show reliable and discriminative psychometric 
properties. Items on DIF analysis showed acceptable level of 
consistency (or invariance) across socio‑demographic groups 
among geriatrics.
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