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ABSTRACT

Objectives: This study aims to evaluate whether items in the Turkish version of the Nottingham Health Profile (NHP) function differently 
according to age, sex, and duration of pain using the Mixed Rasch Model (MRM).
Patients and methods: The NHP data of patients with low back pain from a previous study was analyzed. To analyze differential item 
functioning (DIF) within the items of the NHP, the MRM was used. Age, sex, and duration of pain were considered factors which could cause 
DIF. The most powerful factor to define latent classes derived from the MRM was estimated using the Rasch tree method.
Results: The two-class mixture version of the nominal response model was identified as the best fitting model for the physical mobility, sleep, 
and social isolation sections. For the physical mobility dimension, some items showed DIF by age and for the social isolation dimension some 
items showed DIF by sex. For the sleep dimension, latent classes were unable to be explained by age, sex, and duration of pain. Items in other 
dimensions of the NHP were DIF-free and no items showed DIF according to age, sex, and duration of pain.
Conclusion: The results of this study may shed light on explaining the different response behavior of patients on the items of the NHP. Age 
and sex were found to be variables affecting item responses of NHP. Contrary to expectations, duration of pain did not cause DIF for any 
item. From the perspective of DIF, it can be concluded that NHP scale is a robust scale in terms of validity.
Keywords: Differential item functioning; low back pain; Mixed Rasch Model; Nottingham Health Profile.

Physical and rehabilitation medicine aims 
to enable persons with health conditions who 
experience, or are likely to experience disability, 
to achieve and maintain optimal functioning, 
and to enhance quality of life.[1] Rehabilitation 
is a problem-solving and educational process 
that requires the use of assessments to identify 
problems and monitor patients during treatment.[2] 
Standardized measurement tools of functioning and 
quality of life, including patient-reported outcome 
measures (PROMs), are increasingly considered 
relevant and important sources of information for 
outcome measurement in physical and rehabilitation 
medicine.

One of the commonly used scales to assess perceived 
health status of patients in the field of rheumatology 
and rehabilitation is the Nottingham Health Profile 
(NHP).[3] The development and first validation study 
of the scale was conducted in the United Kingdom 
and, then, was used in a wide range of health problems 
and general population studies.[4] The NHP is a generic 
patient-reported health status (or health-related quality 
of life) measure developed to record perceived distress 
of patients in physical, emotional, and social domains. 
It comprises 38 items (answered “Yes” or “No”) in 
six dimensions: physical mobility (8 questions), pain 
(8 questions), sleep (5 questions), emotional reactions 
(9 questions) social isolation (5 questions), and energy 

https://orcid.org/0000-0002-8994-8660
https://orcid.org/0000-0003-3324-248X
https://orcid.org/0000-0001-6266-3035
https://orcid.org/0000-0001-7255-7535
https://orcid.org/0000-0002-6869-6070


301Analyzing differential item functioning of the Nottingham Health Profile by Mixed Rasch Model

level (3 questions). The original language of the NHP is 
English, although adaptations into various languages, 
including Danish, Dutch, Finnish, French, German, 
Italian, Norwegian, Spanish, Swedish, and Turkish 
have been made.[5] The Turkish adaptation was made 
in 2000 and the psychometric properties in the Turkish 
population were investigated in a group of patients 
with osteoarthritis.[6] In the Turkish adaptation study, 
test-retest reliability of the subscales (dimensions) of 
the scale varied between 0.70 and 0.92, and internal 
consistency values ranged between 0.56 and 0.87, 
confirming its validity and reliability. Since then, 
NHP has been used in various studies in Turkey. In 
some of the articles, the NHP was used as comparator 
to evaluate the external construct validity of the 
scale which is at the main theme of content.[7,8] The 
reliability and validity of the NHP were shown for 
various diagnostic groups.[9-12]

The Rasch model is a mathematical measurement 
model developed by the Danish mathematician Georg 
Rasch.[13] It can be applied in the development of 
a new scale, where it is possible to design the item 
set to fit the model expectations from the outset.[14] 
Second, Rasch analysis can be used in reviewing the 
psychometric properties of existing ordinal scales.[14] It 
is used extensively within the medical outcomes field 
to test the unidimensionality of scales, the ways in 
which their categories function, whether or not items 
are biased for key personal factors such as age or sex, 
and whether or not scales work in the same way across 
countries or across diagnostic groups.[15,16]

Evaluating whether the responses given to the items 
in a scale differ in terms of certain personal factors 
such as age, sex, or clinical variable of the individual 
is very important to strengthen the internal construct 
validity of the scale. The fact that the answers given to 
the items in the scale do not differ in terms of personal 
factors is an important proof that the scale used is 
valid. However, responses to certain items in the data 
set may show bias in terms of these personal factors. 
This bias is referred to differential item functioning 
(DIF) in the Rasch literature.[15]

One of the solutions envisaged for resolving the 
DIF problem is the Mixed Rasch Model (MRM) 
approach. The MRM is a combination of latent class 
analysis and Rasch model first defined by Rost.[17] 
The MRM model assigns patients to latent classes 
by taking into account the answers they give to the 
items. In terms of the latent structure that the scale is 
expected to measure, the homogeneity of the patient 
responses in the latent classes and the heterogeneity 

of the patient responses between the latent classes 
are maximum. In addition, the MRM allows item 
difficulties of each item to be estimated differently in 
latent classes, thus solving the DIF problem.[18]

The disadvantage of the MRM is that the probability 
of defining latent classes with personal factors is low. 
For instance, if two latent class structures are provided 
with the MRM and sex is considered as a variable to 
affect the item results in the data set, the possibility 
of overlapping sex with two latent classes is low for 
most data sets. Identification of latent classes obtained 
from the MRM is provided by Strobl et al.[19] with the 
Rasch tree method. This method recursively tests all 
groups that can be defined based on the available 
personal factors, thus preserving interpretability, but 
still exploring a very wide set of potential sources of 
DIF. In this study, the Rasch tree method was used 
to define latent classes derived from the MRM by 
personal factors.

In the literature, there is no study evaluating the 
item bias of the NHP in low back pain according to 
personal factors. In this study, using the MRM model 
solution for each dimension of the scale, we aimed to 
investigate whether the responses given to the NHP 
subscale items were influenced by personal factors 
such as age, sex, and duration of pain.

PATIENTS AND METHODS

The NHP data collected in a previous study by Elhan 
et al.[20] was analyzed secondarily for this study. In that 
study, they included a total of 399 outpatients with low 
back pain who were admitted for rehabilitation between 
February 2007 and November 2007. A written informed 
consent was obtained from each patient. The study 
protocol was approved by the Medical Faculty of Ankara 
University Ethics Committee. The study was conducted 
in accordance with the principles of the Declaration of 
Helsinki.[20] In the current study, patients with missing 
data according to personal factors (n=49) were excluded. 
Therefore, this secondary analysis included the data of 
350 patients with low back pain.

Evaluating differential item functioning

The DIF of the NHP items was assessed using the 
MRM.[21] A variety of statistical methods is available 
for detecting DIF in the Rasch model. The MRM 
approach[17] can be considered as the most stringent 
test for the Rasch model, as it tests for item parameter 
differences between all possible groups of subjects, 
regardless of person factors.[1] Since item responses are 
binary, dichotomous MRM was selected to examine 
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the number of latent classes. More formally, the 
probability that individual i answers item j correctly 
for dichotomous MRM is:

where θi is the individual i’s ability, φi indicates 
which latent class individual i belongs to, and βφij 
denotes the item j’s difficulty which depends on the 
discrete latent group variable φ.

In the MRM, information criteria are used to 
determine the number of latent classes the model 
predicts. These information criteria depend on “-2 log 
likelihood” statistics. If the factors such as the number 
of model parameters and the sample size are equal, 
the model with the least number of parameters in two 
models with equal log likelihoods is expressed as the best 
model. The most frequently used information criteria 
are Akaike and Bayesian Information Criteria. In the 
simulation study done by Preinerstorfer and Formann,[22] 
the Bayes Information Criteria (BIC) proved a better fit 
for the MRM. Therefore, in this study, the BIC were used 
when determining latent classes with the MRM.

To provide item fit statistics of MRM solutions, the 
standardized Q-index of all items for both classes was 
given. The standardized Q-index and its probabilities 
indicated that the observed item response patterns 
for both classes did not statistically deviate from the 
expected patterns predicted by the model.

As mentioned above, the MRM does not provide 
straightforward interpretation of the latent groups 
with respect to manifest characteristics like age and 
sex. The Rasch tree method was used to define latent 
classes derived from the MRM.

Statistical software

The “psychotree” package in R i386.3.2.1 
language[23] and WINMIRA 2001 software[24] 
were used for the Rasch tree solution and MRM 
respectively. Type I error rate was taken as α=0.05 for 
statistical significance.

RESULTS

The NHP data of 350 patients with low back pain 
was analyzed. A total of 17.1% of the patients were male 
(n=60) and 82.9% were female (n=290). The percentage 
of patients up to the median age of 58 years was 69.7% 
(n=244) and over the age of 58 was 30.3% (n=106). 
A total of 45.1% of the patients (n=158) had pain 

Table 1. Mixed Rasch Model solution for each dimension of Nottingham Health Profile

NHP dimensions Number of latent 
classes

Log-likelihood 
statistics

Number of 
parameters

Bayesian 
information 

criterion

Number of optimal 
latent classes

Physical mobility

1 -776.60 9 1605.93

22 -737.41 19 1586.13

3 -736.99 29 1643.86

Pain
1 -1067.93 9 2188.57

1
2 -1052.56 19 2216.42

Sleep

1 -951.62 6 1938.39

22 -894.93 13 1866.01

3 -889.23 20 1895.61

Emotional reactions
1 -1613.66 10 3285.89

1
2 -1590.43 21 3303.88

Social isolation

1 -825.65 6 1686.45

22 -794.74 13 1665.64

3 -783.35 20 1683.86 

Energy level
1 -412.07 4 847.57

1
2 -409.94 9 872.60

NHP: Nottingham Health Profile.
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between 0 and 4 years, whereas 54.9% (n=192) had pain 
over five years or more.

As mentioned above, to solve the DIF problem 
with MRM, the patients are assigned to latent classes 
which homogeneous within itself and heterogeneous 
among each other. If the model predicts more than 
one latent class, then the result indicates that the 
responses of items differ according to some personal 
factors in these classes. If MRM suggest one latent 
class, it is clear that items are not affect by personal 
factors. It is the second step of the DIF solution 
to expose these latent classes in terms of personal 

factors. Therefore, when analyzing data set for the 
DIF solution with MRM, we first found the number 
of latent class for each dimension; if more than one 
latent class existed, it was questioned that which 
personal factor had defined these latent classes.

Mixed Rasch Model Solution for DIF

The number of optimal latent classes for each 
dimension is given in Table 1.

To define these latent classes by personal factors, 
the item responses were assessed with respect to 
possible group differences related to the three 

Table 2. Item fit Q-index for physical mobility dimension from 2-class Mixed Rasch Model solution

Class-1 Class-2

Items Z(Q-index) p Z(Q-index) p

NHP 10 0.52 0.30 0.40 0.35

NHP 11 -0.02 0.51 -0.17 0.57

NHP 14 0.52 0.30 1.20 0.12

NHP 17 0.01 0.50 -0.13 0.55

NHP 18 0.02 0.50 0.07 0.47

NHP 25 0.14 0.45 0.10 0.46

NHP 27 -0.01 0.51 -0.12 0.54

NHP 35 -0.61 0.73 -0.59 0.72
NHP: Nottingham Health Profile.

Figure 1. The Rasch tree for physical mobility exhibiting differential item functioning for age. In the ter-
minal nodes, estimates of the item difficulty are displayed for each of the 8 items of the physical mobility 
dimension.
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personal factors as age, sex, and duration of pain. 
In each of the terminal nodes of the tree, the item 
parameter estimates for the items were displayed 
(a high value indicates a high difficulty of the item). 
Each of the six dimensions of the NHP was analyzed 
separately.

Physical mobility

Table 1 indicates that a 2-class MRM solution is 
associated with the responses for the physical mobility 
dimension. Table 2 provides the item fit statistics of the 
physical mobility dimension from the 2-class MRM 

Table 3. Item difficulty estimations for physical mobility dimension of Nottingham Health Profile

Age ≤58 Age >58

NHP 10
I can walk about only indoors 5.15 3.20

NHP 11
I find it hard to bend -3.52 -4.41

NHP 14
I’m unable to walk at all 6.26 15.24

NHP 17
I have trouble getting up and downstairs and steps -3.52 -5.26

NHP 18
I find it hard to reach for things -3.89 -4.20

NHP 25
I find it hard to get dressed by myself 0.51 -0.89

NHP 27
I find it hard to stand for long -5.64 -4.41

NHP 35
I need help to walk about outside 4.64 0.72

NHP: Nottingham Health Profile.

Table 4. Item fit Q-index for sleep dimension from 2-class Mixed Rasch Model solution

Class-1 Class-2

Items Z(Q-index) p Z(Q-index) p

NHP 5 -0.53 0.70 -0.02 0.51

NHP 13 0.16 0.43 0.05 0.48

NHP 22 -0.29 0.61 0.01 0.50

NHP 29 0.45 0.32 0.09 0.47

NHP 33 -0.52 0.69 -0.13 0.55
NHP: Nottingham Health Profile.

Table 5. Item fit Q-index for social isolation dimension from 2-class Mixed Rasch 
Model solution

Class-1 Class-2

Items Z(Q-index) p Z(Q-index) p

NHP 9 -0.04 0.52 0.10 0.46

NHP 15 0.03 0.49 -0.41 0.66

NHP 21 0.04 0.48 -0.08 0.53

NHP 30 0.18 0.43 0.55 0.29

NHP 34 -0.23 .059 -0.46 0.68
MRM: Mixed Rasch Model; NHP: Nottingham Health Profile.
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solution. The Z(Q-index) of all 8 items for both classes 
revealed good item fit.

The resulting model for the physical mobility 
dimension, which was partitioned with respect to age, 
is presented in Figure 1. Following the tree from top 
to bottom, we found that different item parameters 
resulted for patients up to the age of 58 (represented in 
Node 2) and over the age of 58 (represented in Node 3). 
It is clear from Figure 1 and Table 3 that patients over 
the age of 58 are disadvantaged by NHP14 (they mostly 
say yes to that item) and that patients up the age of 
58 are disadvantaged by NHP35.

Sleep
A 2-class MRM solution was associated with the 

responses for the sleep dimension (Table 1). Table 4 
provides the item fit statistics of the sleep dimension 
from the 2-class MRM solution. The Z(Q-index) of all 
5 items for both classes revealed good item fit.

For the sleep dimension, the Rasch tree showed only 
one single node according to age, sex, and duration of 
pain. However, the MRM ensured that there were 
two distinct groups according to the responses for 
the sleep dimension. No manifest characteristic was a 
deterministic factor for latent classes.

Table 6. Item difficulty estimations for social isolation dimension of Nottingham Health Profile

Male Female

NHP 9
I feel lonely -0.79 -1.30

NHP 15
I’m finding it hard to make contact with people 1.61 1.30

NHP 21
I feel there is nobody that I am close to 0.34 -1.11

NHP 30
I feel I am a burden to people -1.71 -0.64

NHP 34
I’m finding it hard to get along with people 0.55 1.74

NHP: Nottingham Health Profile.

Figure 2. The Rasch tree for social isolation exhibiting differential item functioning for sex. In the ter-
minal nodes, estimates of the item difficulty are displayed for each of the 5 items of the social isolation 
dimension.
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Social isolation
Another 2-class MRM solution was found for the 

social isolation dimension (Table 1). Table 5 provides 
the item fit statistics of the social isolation dimension 
from the 2-class MRM solution. The Z(Q-index) of all 
5 items for both classes revealed good item fit.

The resulting model for the social isolation 
dimension, which was partitioned with respect to sex, is 
presented in Figure 2. One can conclude from Figure 2 
and Table 6 that males were disadvantaged by NHP9 
and NHP21 and that females were disadvantaged by 
NHP30 and NHP34.

Pain, Emotional reactions, Energy level

For the pain, emotional reactions and energy 
dimensions a one-class model was the best fitting 
model, as expected, as item fits were higher than 50% 
and unidimensionality was provided by the one-class 
solution. None of items showed DIF by age, sex, and 
duration of pain for these dimensions.

DISCUSSION

Differential item functioning occurs when 
individuals from different groups have different 
probabilities or likelihoods of success on an item, after 
they have been matched according to the ability of 
interest. Studies of DIF use a priori known grouping 
information. The present study demonstrated how the 
MRM could be used to overcome the cause of DIF. 
When the response behavior can be described by a 
one-class model, the items function the same way for 
all individuals. However, if individuals have different 
response behavior to the items, more than one latent 
class may be identified. For each latent class, the MRM 
estimates a set of Rasch parameters for each item and 
individual.

In our study, DIF analysis showed that the 
three dimensions of the NHP (pain, energy level, 
and emotional reactions) were DIF-free. Although 
remaining three dimensions showed two latent classes, 
the differences between BIC values obtained for each 
number of latent class were low. For the physical 
mobility dimension, two latent classes differed with 
regard to age groups. For the item “I am unable to walk 
at all”, patients over the age of 58 had more distress than 
patients up the age of 58. This can be explained by the 
decrease in participation in social life with increasing 
age in the Turkish population. Another item that has 
different difficulty estimates within two classes was “I 
need help to walk about outside”, patients up the age of 
58 had more distress than patients over the age of 58. 

This may be due to limited expectation of patients over 
the age of 58. This result is may be artificially defined 
by the MRM as a result beyond clinical expectations. 
Therefore, although this item is considered as showing 
DIF by MRM, it cannot be concluded that the item is 
biased. For the sleep dimension, no personal factor 
was a deterministic factor to define latent classes. 
Two latent classes differed with regard to sex for the 
social isolation dimension. Males had more distress 
on the “I feel lonely” and “I feel there is nobody that 
I am close to” items than females. For the items “I 
feel I am a burden to people” and “I'm finding it hard 
to get along with people”, females had more distress 
than males. For the pain, emotional reactions and 
energy level dimensions, a one-class model was the 
best fitting model. Therefore, we can conclude that 
the items function the same way for all individuals 
for these dimensions. Hagell et al.[10] found sex DIF to 
be more than 30% of items for emotional reaction for 
patients receiving care at a neurology department, but 
did evaluate the response behaviors of patients for each 
item. For the energy dimension, the results obtained 
from the MRM may have been influenced by the low 
number of items. Duration of pain did not cause any 
DIF for items for this data set. For the sleep dimension, 
no personal factor was a deterministic factor for latent 
classes. Thus, it is evident that more personal factors 
must be evaluated to expose DIF for NHP items.

Latent classes can be obtained to solve DIF problem 
by using MRM and these latent classes can be defined 
with personal factors by Rasch tree method. The 
clinician should be aware that items of the physical 
mobility dimension of the NHP can be biased by age, 
whereas items of social isolation dimension can have 
bias sex for low back pain patients. Although there 
were two latent classes for sleep dimension, these 
classes could not be explained by age, sex, and duration 
of pain.

In conclusion, although the three dimension 
showed two latent classes, it is obvious that BIC 
values from each number of latent classes were 
similar. The fact that the BIC values, which allow 
us to decide the optimal number of latent classes, 
are close to the BIC values obtained from one latent 
class solution, is an indicator that the DIF problem 
is not tragic, even in dimensions with two latent 
classes. Therefore, from the perspective of DIF, it 
can be concluded that NHP scale is a robust scale 
in terms of validity. However, there is a need for 
further studies to explain DIF for NHP with more 
personal factors and larger sample size.
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