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Abstract
The Hospital Anxiety and Depression Scale (HADS) is a widely used screening instrument for depression and anxiety 
in medically compromised patients. The purpose of this study was to examine the differential item functioning (DIF) of 
the anxiety subscale of the HADA (HADS-A). A research assistant administered the HADS-A to 166 Chinese patients 
with chronic obstructive pulmonary disease (COPD) who were consecutively admitted to a rehabilitation hospital. 
Although the HADS-A was overall uni-dimensional, there were one mute item and two items with borderline misfi t. 
Only one item had a DIF for arterial oxygen saturation. No item had DIF for other indicators of the severity of COPD. 
In conclusion, this study found that for one item the HADS-A has signifi cant item bias for the severity of disease in 
patients with COPD. Copyright © 2008 John Wiley & Sons, Ltd.
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Introduction
The Hospital Anxiety Depression Scale (HADS) 
(Zigmond and Snaith, 1983) performs well in assessing 
the symptom severity and caseness of anxiety disorders 
and depression in both medically ill, psychiatric and 
primary care patients and in the general population 
(Herrman, 1997; Bjelland et al., 2002).

There is evidence suggesting that demographic vari-
ables, such as age (Herrman, 1997; Hinz and Schwarz, 
2001), sex (Herrman, 1997; Hinz et al., 2002) and edu-
cation (Osborne et al., 2004) infl uence the HADS 
anxiety score (HADS-A). These demographic variables 
may indeed infl uence the degree of anxiety. However, 
the variation of HADS-A scores in different patient 

groups may also be explained in terms of differential 
item functioning (DIF) which refers to a systematically 
higher or lower response to one or more items in a 
group, independent of the trait that is supposed to be 
measured. Item response theory stipulates that given 
the same trait level the probability of affi rming an item 
should be the same between groups (Scheuneman, 
1979), or the item should not have signifi cant DIF for 
any subgroup of patients.

DIF by culture (Azocar et al., 2001), age (Crane 
et al., 2004), education (Jones and Gallo, 2002), 
sex (Smith and Reise, 1998), mode of administration 
(Chan et al., 2004) or the nature of the target illness 
(Sprangers and Schwartz, 1999) exists in various 
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psychiatric scales. Examining of DIF is important as it 
may affect the interpretation of cross-cultural study 
(Azocar et al., 2001) as well as studies comparing dif-
ferent age groups (Crane et al., 2004).

HADS is frequently applied in chronic obstructive 
pulmonary disease (COPD) research (Dowson et al., 
2001; Oga et al., 2002; Garuti et al., 2003). COPD is 
associated with an increased prevalence of anxiety dis-
orders (Smoller et al., 1996). The symptoms of panic 
attacks and pulmonary disease overlap, so that panic 
anxiety can mimic cardiopulmonary diseases and, con-
versely, dyspnea can masquerade as anxiety disorder 
(Smoller et al., 1996). According to the suffocation 
false alarm model (Klein, 1993), panic attacks could be 
triggered by a hypersensitive brainstem autonomic 
control mechanism that can initiate both panic and a 
sensation of dyspnea. It is not known whether the 
severity of the COPD affects the performance of 
HADS-A.

The aim of the present study was to examine the 
feasibility of using the HADS-A in a hospitalized 
sample of Hong Kong Chinese patients with COPD by 
applying Rasch analysis. Specifi cally, we set out to 
determine the DIF for the severity of the underlying 
lung disease of the HADS-A.

Method

Study population
Patients of Chinese ethnicity were recruited from the 
inpatient pulmonary rehabilitation unit (PRU) in 
Shatin Hospital, a rehabilitation center for a catchment 
area of a population of 1.2 million. The diagnosis of 
COPD was made by a pulmonary physician on the basis 
of history, physical examination and spirometry data, 
if available [forced expiratory volume in one second 
percent predicted (FEV1%) <75% of predicted value]. 
The exclusion criteria were physical frailty precluding 
assessment, a Mini Mental State Examination (MMSE; 
Chiu et al., 1994) score <15 or inability to give 
consent.

The study protocol was approved by the Clinical 
Research Ethics Committee of the Faculty of Medicine, 
Chinese University of Hong Kong. All subjects gave 
written informed consent.

Measurements
The following demographic and medical data were col-
lected: sex, age, marital status, education, occupation, 

duration of COPD, arterial oxygen saturation (pO2), 
six-minute walking distance (Guyatt et al., 1985), 
Forced vital capacity percent predicted (FVC%) and 
forced expiratory volume in one second percent pre-
dicted (FEV1%). A research assistant administered the 
Chinese version of the HADS-A (Leung et al., 1999) 
to all consecutively admitted patients who met entry 
criteria of the study one week after their admission to 
PRU. The questions were read aloud to all patients 
rather than being self-administered to overcome diffi -
culties like poor vision and illiteracy. The score of each 
item on the HADS-A ranged from 0 to 3; higher scores 
indicate more severe anxiety symptoms.

Statistical analyses
The clinical characteristics of participants and patients 
excluded were described. Chi square test and Student’s 
t test were employed to compare the demographic and 
clinical variables between participants and excluded 
patients.

The uni-dimensionality and item fi t of the HADS-A 
was assessed with the Rasch model (Wright and Mok, 
2000) using the Winsteps software package, Version 
3.04 (MSEA Press, Chicago, IL, USA), which imple-
ments an unconditional maximum likelihood proce-
dure (Wright and Panchapakesan, 1969). The Rasch 
model proposes that responses to a set of items can be 
explained by a person’s ability (or anxiety symptoms in 
this instance) and by the characteristics of the items. 
Patients’ and item scores are used to ‘calibrate’ items 
(i.e. characteristics or symptoms) on a logit scale. Items 
at one end of the scale are ‘easier’ and items at the other 
end are more ‘diffi cult.’ The diffi culty of individual 
items is determined by the frequency of endorsement. 
A logit is the natural log-odds of the level of diffi culty 
of a particular item in relation to all other items in the 
scale (hierarchy). Rasch analysis also constructs a hier-
archy of the respondents ordered by their level of 
anxiety symptoms.

Uni-dimensonality refers to the single underlying 
construct measured by items that form a scale; for the 
HADS-A it is the severity of anxiety symptoms. The 
adequacy of the fi t of each item to the Rasch model is 
assessed by the mean-square residual goodness of the 
information weighted fi t (INFIT) and outlier-sensitive 
fi t (OUTFIT) (Wright and Masters, 1982), which are 
measures providing information about the responses 
given to items around the same diffi culty endorsement 
level as the person’s ability. An acceptable range for an 



106 Tang et al.

 Int. J. Methods Psychiatr. Res. 17(2): 104–110 (2008)
Copyright © 2008 John Wiley & Sons, Ltd DOI: 10.1002/mpr

INFIT/OUTFIT value is between 0.7 and 1.3 (Wright 
and Linacre, 1994). A ‘mute’ item is one with an INFIT/
OUTFIT value of less than 0.7 because it does not 
provide information beyond that provided by the rest 
of the items of the scale. This can occur when there 
are several items that are similar or highly correlated, 
or when one item is dependent on another. In contrast, 
a ‘misfi t’ item is one with an INFIT/OUTFIT value of 
greater than 1.3 indicating that the item does not 
defi ne the same construct as do the rest of the items; it 
is either a poorly constructed or understood item, or it 
is ambiguously defi ned. Items with poor fi t statistics 
may be substituted or removed from the instrument.

DIF analysis (Holland and Wainer, 1993) was per-
formed to determine the variability of item responses 
across subgroups of patients identifi ed by sex, age, edu-
cation, pO2, six-minute walking distance and FEV1%. 
Briefl y, for the response of each person to each item, 
the standardized residual of the observed score from 
what was predicted by the model was calculated. Then 
each person was classifi ed according to one of the class 
intervals, giving a set of residuals suitable for a two-way 
analysis of variance (ANOVA) design. Thus, the sta-
tistical test used for detecting DIF was an ANOVA of 
the person-item deviation residuals with person factors 
(e.g. age) and class intervals (e.g. group along the trait) 
as factors. In the DIF analysis, there were two sex and 
age classes each, namely, male and female, and <75 and 
>/=75 years. In the pO2, six-minute walking distance 
and FEV1% classes, patients were split by the medians 
of the sample. The three classes in education were <1, 
1–6 and >6 years. In general, two types of DIF can be 
identifi ed: uniform and non-uniform DIF. With the 
former, there is a constant difference between groups 
in the probability of affi rming an item (or category) an 
item with higher category across the trait (ANOVA 
main effect), and with the latter the difference varies 
across the trait (ANOVA interaction effect). Because 
multiple tests were performed, the level of signifi cance 
of 0.05 was adjusted by Bonferroni correction to 0.0071 
(0.05/7). The WINSTEPS software, Version 3.04, and 
RUMM2020 software (Rumm Laboratory Pty Ltd, 
Perth, Australia) were used to perform the analysis.

Results

Characteristics of the sample
The recruitment of patients took place from November 
2003 to December 2004. Of the 251 COPD patients 

admitted, 166 (66.1%) participated and 85 (33.9%) 
patients were excluded from the study. The reasons for 
exclusion were refusal to participate in the study (n = 
37, 43.5%), physical frailty (n = 32, 37.6%), a MMSE 
score less than 15 (n = 10, 11.8%), and inability to give 
consent (n = 8, 9.4%). Compared to the participating 
group, the excluded group had a higher proportion of 
female subjects (48.2% versus 22.9%, p < 0.001), was 
older [80.6 ± 8.7 (standard deviation) versus 75.5 ± 8.5 
years, p < 0.001], and had a shorter duration of COPD 
(5.4 ± 4.2 versus 7.4 ± 8.4 years, p = 0.02).

Of the participating patients, 128 (77.1%) were male, 
106 (66.3%) patients were married and 156 (94.0%) 
patients were retired. The mean age of the sample 
ranged from 44 to 95 years; the average duration of 
education was 3.7 ± 3.9 years. The pO2, six-minute 
walking distance, FVC%, and FEV1% were recorded in 
152 (91.6%), 139 (83.7%) and 118 (71.1%) patients. The 
medians of the pO2, six-minute walking distance, 
FVC% and FEV1% were 10.7 kilo Pascals, 134.5 meters, 
56.0% and 37.5%, respectively. The mean HADS-A 
and MMSE scores of the entire sample were 3.5 ± 4.1 
and 23.8 ± 4.3, respectively. Twenty-fi ve (15.1%) out of 
the 166 patients had a HADS-A score of eight or 
more.

Psychometrics of the HADS-A
The item-person map of the HADS-A is shown in 
Figure 1. The mean logit score for the sample was −1.61 
± 0.70 indicating that the seven items (mean logit 0.00 
± 0.16) on average were diffi cult to be endorsed with 
higher categories (items 2 and 3) in the sample. Items 
2 and 6 were misfi t items and item 7 was a mute item 
(Table 1). The HADS-A scores per personal factors are 
shown in Table 2. None of the items of the HADS-A 
had a signifi cant DIF for age, sex, education, six-minute 
walking distance and FEV1%. One item (‘I get a sudden 
feeling of panic’) displayed uniform DIF for pO2 
(Table 1). Patients who affi rmed this item tended to 
have lower pO2.

Discussion
Overall, the HADS-A items form a uni-dimensional 
hierarchy, but one item was mute (item 7) and two 
items (items 2 and 6) were of borderline misfi t. A 
recently published Rasch analysis also revealed that 
item 6, but not items 2 or 7, of the HADS-A demon-
strated misfi t and the removal of this item had little 
impact on screening (Smith et al., 2006).
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The fi nding of modest misfi t on a single item of 
HADS-A should be interpreted as a large number 
of factor analytic studies have confi rmed the factor of 
HADS-A variance (White et al., 1999; Dagnan et al., 
2000). Even though Smith et al. (2002) suggested that 
misfi t items may be substituted or removed to increase 
the representativeness and measurement precision of a 
scale. Further evaluation is required before considering 
the removal of any item of the scale.

For any unbiased item, the probability of a person 
affi rming an item at a given level of anxiety should be 
the same for different classes of demographic or severity 
of disease variables. Items that do not yield the same 
item response function for two or more groups display 
DIF and are violating the requirement of uni-
dimensionality (Tennant et al., 2004). In this study, 
only one item of the HADS-A displayed DIF for pO2 
and none of the items had a signifi cant DIF for age, sex, 
education or other indicators of severity of disease. 
Osborne et al. (2004) reported that items 2 and 5, but 
not item 7, exhibited small DIF and would marginally 
increase the apparent excess anxiety in women with 
breast cancer compared with population women.

To the best of our knowledge, this is the fi rst DIF 
analysis of the HADS-A in patients with a chronic 
lung disease. Our observation that the item on panic 
feelings had DIF by pO2 may be explained by the suf-
focation false alarm model (Klein, 1993). In this model, 
panic attacks could be triggered by a hypersensitive 
brainstem autonomic control mechanism that may fi re 
spontaneously or after minor suffocation-related stimu-
lation, thereby initiating both panic and a sensation of 
dyspnea. Falls in pO2 can result in feeling of suffoca-
tion, and increased ventilation. The only study that 
tested panic disorder patients’ sensitivity to hypoxia 
demonstrated that they reacted to a 12% oxygen chal-
lenge (air normally contains 20%) with more anxiety 
and ventilatory responses than controls (Beck et al., 
1999).

One of the limitations of this study is that only the 
Chinese version of HADS-A was evaluated and it was 
not self-rated, the sample consisted of Chinese only, 
and the sample size is small which may lead to type II 
error, the attrition rate was quite high and many female 
and older patients were excluded. Only 15% of our 
sample had clinically relevant anxiety (HADS-A score 
of eight or more), which was much lower than the fi gure 
of 47% to 50% previously reported in patients with 
COPD (Dowson et al., 2001; Jones et al., 1989). It would 
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Figure 1. Item-person map of the anxiety subscale of the 
Hospital Anxiety and Depression Scale (HADS-A).
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Table 1. The INFIT/OUTFIT statistics and DIF of the anxiety subscale of the Hospital Anxiety and Depression Scale 
(HADS-A) by pO2, six minute walking distance and FEV1%

Item INFIT
Mean square

OUTFIT 
Mean square

pO2
n = 152

Six minute walking 
distance
n = 139

FEV1%
n = 118

U NU U NU U NU

1.  I feel tense or wound 
up.

0.84 0.81 0.6397 0.8704 0.8706 0.3290 0.5901 0.8939

2.  I get a sort of frightened 
feeling as if something 
awful is about to 
happen.

1.32 1.08 0.2567 0.3677 0.4959 0.2075 0.9054 0.5094

3.  Worrying thoughts go 
through my mind.

0.83 0.88 0.6491 0.7238 0.3063 0.5343 0.5838 0.8347

4.  I can sit at ease and feel 
relaxed.

1.17 1.12 0.9343 0.1678 0.0213 0.2037 0.3265 0.2216

5.  I get a sort of frightened 
feeling like ‘butterfl ies’ 
in the stomach.

0.88 0.82 0.1331 0.3635 0.5857 0.7910 0.7065 0.0527

6.  I feel restless as if I 
have to be on the 
move.

1.28 1.36 0.3816 0.7460 0.0083 0.7574 0.4976 0.9484

7.  I get sudden feelings of 
panic.

0.82 0.58 0.0004a 0.0382 0.3144 0.5864 0.4910 0.6878

Note: The Bonferroni adjusted signifi cance level for each uniform (U) and non-uniform (NU) DIF. The level of signifi cance 
for all comparisons was 0.0071.

Table 2. The mean and standard deviation of the total HADS-A score per personal factors

Male (n = 128) Female (n = 38)

3.4 ± 3.7 3.9 ± 5.3
Age (years) <75 (n= 72) ≥75 (n = 94)

4.1 ± 4.4 3.1 ± 3.8
FEV1% <37.5 (n = 78) ≥37.5 (n = 78)

4.1 ± 4.3 3.3 ± 3.6
pO2 (kilo Pascals) <10.7 (n = 78) ≥10.7 (n = 78)

3.3 ± 3.5 3.7 ± 4.1
Six minute walking distance (meters) <134.5 (n = 78)

3.5 ± 4.0
≥134.5 (n = 78)
2.8 ± 3.2

Education (years) <1 (n = 56) 1–6 (n = 80) >6 (n = 0)
3.7 ± 5.0 3.4 ± 3.5 3.5 ± 3.8

be useful to replicate our fi ndings in another population 
with higher levels of anxiety. In addition, the pO2 and 
lung function parameters were missing for a proportion 
of patients.

In conclusion, this study found that one item of the 
HADS-A has signifi cant item bias for the severity of 
disease in patients with COPD.
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