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Abstract

Purpose: To investigate if the responses to the Neck Disability Index (NDI) may produce some

differential item functioning (DIF) comparing men and women.

Materials and methods: Register-based study among patients undergoing cervical surgery.

Item response theory (IRT) analysis including a model for detecting a DIF.

Results: Of 338 patients, 171 (51%) were women and 167 (49%) were men. Mean age was
54.0 years. For most of the items, the average level of disability in a studied sample was
associated with the middle point of the scale. The ability to distinguish people with different
levels of disability was high or perfect for seven out of 10 items. While the DIF could be seen
for all 10 items, only three items demonstrated statistically significant DIF — “pain intensity”,
“headaches” and “recreation”. While other seven items did not show statistically significant
DIFs, better discrimination (steeper curves) for women could be graphically observed for

9% <c

“personal care”, “lifting”, “work”, “driving” and “sleeping”.

Conclusions: It seemed that the NDI may behave differently depending on the sex of
respondents. Several items of the NDI may be more precise and more sensitive when detecting
restrictions in functioning among women compared to men. This finding should be taken into

account when using the NDI in research and clinical practice.
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Introduction

The Neck Disability Index (NDI) has been familiar to clinicians and researchers for almost four
decades (1). The NDI was developed by Howard Vernon in 1989 as the modification of a
slightly older Oswestry Disability Index, which has been used to measuring disability caused
by back pain. The NDI is a questionnaire containing 10 items covering pain severity, personal
care, everyday life, sex life, work and recreational activity. Many journal articles and guidelines
considered it a gold standard for measuring disability caused by neck pain. The properties of
the NDI have broadly been studied from many points of view and using a diverse spectrum of
statistical methods (2). The NDI has been found a reliable and valid scale in different settings,
populations and language translations (3). However, the potential differential item functioning
(DIF) of the NDI remained mostly uninvestigated and only a few studies have primarily or
even secondarily focused on this topic (4-7). The DIF may, though, be very important from
both perspective — scientific and clinical. E.g., two population, studied using the NDI, may not
be comparable if they are predominated by groups with different properties of a scale. Also, it
is also possible that the DIF is nonuniform. In other words, it behaves differently at the diverse
levels of disability. Thus, the NDI estimates obtained from a population of severely disabled
persons are hardly comparable with those observed among general population or people with
only mild disability. Clinicians may be interested to know how much they can trust the NDI

scores obtained in a particular situation.

In a simplified way, the DIF may be described as follows. Firstly, using the Item Response
Theory (IRT), the average level of particular limitation of functioning in a studied sample is
calculated. Secondly, the difficulty (difference between the average level and probable of each
item is calculated for each choice available on a scale (e.g., “1”, “2” or “3”) .Thirdly, the
discrimination property (sensitivity of an item) is calculated. Fourthly, the obtained estimates
of difficulty and discrimination are compared both numerically and graphically across different
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groups. When DIF is present, some groups of respondents have unequal probabilities of giving
a particular response. For the NDI, the presence of DIF may mean that one group may
overestimate or underestimate their disability level compared with another group. For example,
older people may overestimate restrictions related to their social participation while younger
may exaggerate limited physical activity. The usual grouping variables for the DIF analysis are

sex and age.

The DIF is very common phenomenon. Even when using objective tests like laboratory tests
or assessments of physical condition, one may expect that people of different sex or age groups
may produce diverse results (8-11). The same phenomenon may be seen in subjective patient-
reported outcome measures (12, 13). For example, men and women or people of different ages

may grade the severity of their disability or pain differently (14-17).

Only a few previous studies have reported on the DIF of the NDI. The presence of DIF has
been detected for such NDI items as “lifting”, “headaches”, “personal care”, “recreation” and
“work” (4-7). As for other patient-reported outcome measures, sex and gender were the most
used grouping variables. Other grouping variables used when studying the DIF of NDI were
educational level, work status and clinically important change (6, 7). The presence of DIF in
the NDI items might be indirectly suspected based on a few studies regarding the Oswestry
Disability Index as these two scales are very alike — in fact, the NDI is a modification of the

Oswestry Disability Index. One study has reported a sex-related DIF for “lifting” (18). Two

previous studies have not observed any significant sex-related DIF (19, 20).

Overall, the knowledge on the presence of possible DIF in the NDI is very scarce and no strong
inferences on the subject can be made. The objective of this study was to investigate if the
responses to the NDI may produce some DIF comparing men and women. The hypothesis was

that the NDI does not show any substantial sex-related DIF in the studied population.
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Methods

The data were obtained from the register containing data on the patients undergoing cervical
surgery of any kind between June 21, 2018 and August 17, 2021 in a university hospital. The
patients responded to an online survey before the surgery. The exact number of missing
responses were undetermined. To the best of our knowledge, either all or almost all the patients
admitted to this particular surgery unit have responded to the survey. Of 392 patients, who have
responded to a survey, 338 have responded to the NDI before the surgery. The survey contained
questions on demographics and the severity of disability. A patient was included if the
procedure code was one of the follows: NAG40, ABC60, ABC21, NAG41, ABC30, ABC10,
NAG42 or ABC50, according to the Nordic Classification of Surgical Procedures (NCSP),
version 1.15 (Table 1) The only exclusion criterion was multiple spinal procedures — all the

patients were referred to their first cervical surgery.

The committee on research ethics at the Hospital District of South-West Finland allows to use
register-based data, which is part of an electronic patient record system, by the researcher
affiliated to the Hospital District without a separate specific approvement or a separate specific
written informed consent. All the participants were informed and approved that data gathered

by the register may be used for the purpose of scientific research.

Age was defined in full years at the time of surgery. Body mass index (BMI) was defined as a
body weight divided by a squared height and expressed in kg/m?. The duration of pain before
surgery was defined as <6 weeks; 6-12 weeks; 3-12 months and >1 year. Pain intensity was
assessed by using a visual analogue scale from 0 to 100 points with 0 indicating no pain and

100 indicating most possible pain.

The NDI is a questionnaire containing 10 items covering disability caused by neck pain: 1)

pain intensity; 2) personal care; 3) lifting; 4) reading; 5) headaches; 6) concentration; 7) work;
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8) driving; 9) sleeping and 10) recreation. Each item is assessed on a six-level ordinal scale
with ‘zero’ describing ‘no limitation’ and ‘five’ describing ‘extreme limitation or an inability
to function’. The total score is a percentage calculated by the sum of all answers divided by 50
(the maximum possible number of points) and multiplied by 100 as follows: ‘Total score =
(3 item scores/50) x 100°. The equation is adjusted when the responses to one or more items
are missing. A score of 0% represents the highest possible level of functioning and
independence while a score of 100% represents the lowest level of functioning with total

dependence.

Statistical analysis

Basic characteristics of the sample

The basic characteristics were presented as means, standard deviations (SDs), and percentage,
when appropriate. Independent samples t-test and a chi-square test were used to investigate

potential differences between men and women regarding their demographics.

Discrimination property

The DIF was assessed to investigate if the items of NDI behave differently when measuring
disability level among men vs. women. The DIF is a subroutine of Item Response Theory
(IRT). The IRT allows to define two main psychometric properties of a questionnaire —
discrimination and difficulty parameters. A discrimination parameter describes the sensitivity
of test to differentiate severity levels of symptoms as a regression curve. The steeper the curve,
the more discriminative the test is. Ideally, the steepest interval corresponds to a disability level,
which is average in a studied population. In this study, discrimination of 0.01 to 0.24 was
considered mone' (a totally level regression curve), 0.25 to 0.64 'low', 0.65 to 1.34 'moderate’,
1.35 to 1.69 'high', and a discrimination >1.7 was considered 'perfect' (a regression curve

approaching a vertical line) (21).



119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

Difficulty property

In turn, difficulty is a psychometric property of a single item or an entire test, which describes
how much more or less a respondent should perceive disability (comparing with the average
level of studied population) in order to achieve a 0.5 probability to give a particular answer. In
the ideal situation, zero difficulty can be located at the middle of scale — for the NDI with its
six-level grading system (from zero to five) it places at response “two” or “three”. If such an
ideal situation appears, then difficulty estimates for items “zero” and “one” would carry a
minus sign (less severe disability than on average in the studied population), while responses

“four” or “five” would be positive (more severe disability than on average).

DIF calculation

The DIF measures the difference in two aforementioned properties between two groups, here
sexes. The probit logistic regression was used to test whether an item exhibits either uniform
or nonuniform DIF between sex groups that is, whether an item favors one group over the other
for all values of the functioning limitation or for only some values of that (22, 23). A uniform
DIF occurs when the difference between groups remains the same across the entire scale. In
turn, a nonuniform DIF is observed when the direction of difference between groups varies at
different levels of functioning limitation (e.g., if men perform better up to a midpoint and worse
than women after that). A two-tailed p-value =<0.05 indicated a significant difference between
sexes. The results of DIF analysis were also presented and evaluated graphically as item and
test information curves using the graded response model (GRM) of the IRT. Test (or its single
item) information is the inverse variance of test (or its item). In other words, it is 1/variance —
smaller variability leads to better precision of the results. All the data analyses were performed

utilizing STATA 16 (College Station, Texas, U.S.).
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Results

Basic characteristics of the sample

A total of 338 patients completed preoperative surveys including the NDI (table 1). There were
171 (51%) women with mean age of 53.7 (SD 10.8) years and 167 (49%) men with mean age
of 54.2 (SD 11.0) years. Mean body mass index was 28.0 (SD 5.0) kg/m2. Of the patients, 49
(15%) had experienced neck pain for less than three months, 111 (35%) over three months and
160 (50%) over one year. The average NDI score was 44.3 (SD 17.0) preoperatively. Of 338
procedures, 242 (72%) was anterior fusion of cervical spine without fixation. The most frequent
reasons for the surgery were “M50 Cervical disc disorders” (39%) and “M47 Spondylosis”
(35%). Women experienced more pain than men: 58.7 (SD 27.7) vs. 48.5 (SD 28.1) points, the
difference was statistically significant (p=0.012). Also, the composite score of the NDI was
slightly higher among women: 47.2 (SD 16.8) vs. 41.3 (SD 16.7) points (p=0.001). Other

differences between sex groups were statistically insignificant.

Difficulty parameter for the entire sample

Overall, the difficulty estimates for most of the NDI items showed a perfect situation with zero
placed around responses “two” and “three”, negative values for responses below “two” and
positive estimates for responses over “three” (table 2). This “ideal state” also resulted in the
almost perfectly shaped curve of test information function — the peak of information could be
found at the average level of disability (figure 1). One item “personal care” slightly diverged
from that “perfect” situation — only responses “zero” and “one” were negative. In other words,
for this item, respondents with severe restrictions of functioning might grade their perceived
disability as milder than an actual level compared to the average in the sample. All the estimates

were statistically significant with 95% ClIs not including zero.

Discrimination parameter for the entire sample
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The discrimination parameter was high or perfect for seven out of 10 items. Items “lifting”
(1.32 [95% CI 1.05 to 1.60]), “headaches” (0.71 [95% CI 0.50 to 0.93]) and “sleeping” (1.12
[95% CI 0.87 to 1.37]) showed only moderate discrimination abilities. All the estimates were

statistically significant with 95% CIs not including zero.

Differential item functioning by sex

Some differences between sexes can be observed in tables 2 and 3. Figure 2 shows these
differences in an easier form. While the differences could be seen for all 10 items, only three
items demonstrated statistically significant DIF — “pain intensity”, “headaches” and
“recreation”. The DIF curves for the item “headaches” were uniform — the distance between
two curves of similar shape remained the same for the entire spectrum of disability variance.
Instead, the DIF for “pain intensity” and “recreation” was nonuniform — the curves for men
and women crossed each other at different levels of disability. These deviations were, however,
only slight. The DIF curves for “pain intensity” were very alike regarding both difficulty and
discrimination (steepness of the curve) properties. The DIF curves for “headaches” showed
significantly different amount of information, which can be obtained of this NDI item. This
item “headaches” was significantly more precise for women than for men. While the shapes of
the DIF curves for “recreation” were alike, the difference appeared especially in the steepness
of these curves — the discrimination ability of this item was better for women than for men with
estimates of 2.80 vs. 2.04 (almost 40% more), as shown in table 3. While other seven items did
not show statistically significant DIFs, the same trend of better discrimination (steeper curves)

for women could be graphically observed for “personal care”, “lifting”, “work”, “driving” and

“sleeping”. The DIF curve was steeper among men for only one item “concentration”.
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Discussion

This register-based study among 338 patients referred to a department of surgery for cervical
operation investigated the possible DIF of the NDI questionnaire based on sexes. Overall, the
difficulty estimates for most of the NDI items showed a perfect functioning of the NDI. Also,
the discrimination parameter was high or perfect for seven out of 10 items. All the estimates
were statistically significant. While only three items demonstrated statistically significant
estimates — “pain intensity”, “headaches” and “recreation”, there were some DIF for all 10
items. The DIFs were uniform or almost uniform in all the cases. In general, the NDI items
showed better discrimination abilities among women than among men. For some items, also

the precision of information, obtainable of the NDI, was better for women.

The DIF have been studied for many other patient-reported outcome measures of disability,
often resulting in the sex-related DIF of diverse magnitude (24-26). Only a few previous studies
have reported on the DIF of the NDI. A study from Canada observed the DIF for a single item
“lifting” based on grouping by a clinically important change (7). Similarly to the present
results, a study from Netherlands reported a significant sex-related DIF for “headaches” item
(4). That study has been executed on small sample of 10 patients. A study from Norway has
observed a significant DIF for “work status” among 249 patients with chronic neck pain (5).
Another study from Canada has reported a sex- and age-related DIF for “lifting” among 521

patients with neck pain (6).

Additionally, some indirect comparison between the present results and previous knowledge
can be made of the reports on the DIF of Oswestry Disability Index (the NDI is a modification
of that scale). A study from Denmark among 800 patients with low back pain has observed a
sex-related DIF for “lifting”, with women scoring higher on this item compared with men. The

same study has also reported some other DIFs based on age and diagnoses for items “sitting”,



214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

“walking” and “sleeping” (18). A study from Taiwan has found no sex-related DIF for any of
the items of the Oswestry Disability Index. Though, there has been significant age-related DIF
for “sleeping” (20). A small study from Australia among 100 patients has not observed a sex-

related DIF, though a significant age-dependent DIF has been reported for “walking” (19).

Sex-related differences in responses concerning restrictions induced by neck pain or headache
seen in this study may be explained by a well-known difference between men and women in
perception of pain. Previous reports have consistently demonstrated greater pain prevalence
among women compared to men across multiple geographic regions (17, 27). Compared to
men, women tend to report more severe pain and it is more anatomically diffuse and longer-
lasting. Women are also more likely to visit a physician because of pain than men. Underlying
reasons for these differences have been searched from differences in hormonal factors related
to pain response, and from various psychosocial mechanisms and sociocultural beliefs as e.g.,
the influence of stereotypical social sex roles on pain response and threshold differences (17,
28-32). Similarly, several health-related, behavioral and sociodemographic factors have been

found to contribute to the higher prevalence of disability in women compared to men (33).

The reasons for the sex-related differences observed in the NDI functionality in regards
recreation activities can only be explained by speculations. Men and women may have different
needs concerning recreational activities, as well as they may favor different types of these
activities (34). Additionally, these differences may change over time when ageing (34).
According to the U.S. Bureau of Labor Statistics, men spend more time in leisure activities (5.5
hours) than did women (4.9 hours) (35). Also, report from Australia has suggested that women

are participating less than their male counterparts in leisure-time activities.

The generalizability of the results might be diminished by several issues. Most of the

respondents belonged to a particular age group around 55 years. It is, thus, possible that

10
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populations with different age distribution might demonstrate different results. The
respondents were patients referred to a single highly specialized university clinic, which
suggest that the results might not stand e.g., in primary care. The exact number of missing
responses were undetermined. To the best of our knowledge, either all or almost all the patients
admitted to this particular surgery unit have responded to the survey. Despite the fact that the
study sample was big enough to produce some statistically significant results, the sample of
less than 400 might not be sufficient to detect all possible variances, especially when applying
such a “size-greedy” method as the IRT. Relatively small sample size could be the reason why
the DIF was not statistically significant even if its presence seemed very probable based on the
visual examination of curves for several items. This study did not assess the age-related or
other possible DIFs of the NDI. Due to the particular specifics of the study site, the dispersion
of demographics other than sex was too narrow to form any other groups without substantial
loss in a group size. However, the study sample was sufficient, at least, for this sex-related

grouping, and the sex and age of the respondents were equally distributed.

Further research on the DIF of the NDI is needed. That research should be conducted on big
samples of people with neck pain with different age and sex distribution, different settings and
diverse language versions. Also, prospective repeated-measures studies may reveal a possible

dynamic in DIF over time.

Conclusions

It seemed that the NDI may behave differently depending on the sex of respondents. Several
items of the NDI may be more precise and more sensitive when detecting restrictions in
functioning among women compared to men. This finding should be taken into account when

using the NDI in research and clinical practice.
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Figure legends

Figure 1. Test information function for the NDI composite score among all 338 respondents

included. Test information is an inverse variance representing the preciseness of the scores.

Figure 2. Test information functions for the NDI items by sex. Test information is an inverse

variance representing the preciseness of the scores.

* Statistically significant difference between sexes (p<=0.005)
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