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ABSTRACT

Reliable assessment of self-reported immune function is essential for identifying at-risk populations, monitoring public health
interventions and informing global health strategies. Yet, current instruments are imprecise and lack cross-cultural validity. This
study aimed to assess the cross-cultural validity of the 7-item Immune Status Questionnaire (ISQ). The Partial Credit Rasch model
was applied to analyse responses to the ISQ (IN=1250) from five nations, including India (n =250), the Netherlands (n = 250),
New Zealand (n =250), Saudi Arabia (n=250) and the United States (n=250). Initial analysis revealed a poor fit to the Rasch
model. Using sub-test methodology, ISQ items were combined into sub-tests, resulting in an acceptable fit to the Rasch model,
evidence of strict unidimensionality and measurement invariance across nations. Acceptable fit permitted the production of an
ordinal-to-interval conversion table included here. While physiological assessments of immune functioning provide accurate and
objective evaluations of immune functioning, self-report measures remain a practical method for their ease of administration and
lower cost. Findings support the reliability and cross-cultural validity of the ISQ. By applying interval conversion, physicians and
researchers can improve the measurement accuracy of self-reported immune status and conduct valid comparisons across nations
and to interval-level data.

1 | Introduction pandemic increased this toll by millions (World Health Orga-

nization 2017; World Health Organization 2023). Vaccines rely

Global mortality figures from viral infections such as influenza
rest at between 250,000 and 500,000 deaths per year, as estimated
by the World Health Organization, while the recent COVID-19

on healthy immune systems to successfully combat viruses
(Clem 2011), making rapid, reliable and valid assessments of
immune function an important clinical issue. A reliable and
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efficient assessment of self-reported immune function is also
important for research, as the immune system can be impaired by
psychological factors like stress (Morey et al. 2015). Furthermore,
psychological interventions reducing distress, such as mindful-
ness, may enhance immune resilience (Black and Slavich 2016).

The Immune Status Questionnaire (ISQ) is a 7-item self-report
measure designed to assess an individual’s immune status and
functioning (Wilod Versprille et al. 2019). Developed as an alter-
native to costly objective assessments as well as limited 1-item
self-report measures, it provides an overall view of general
immune fitness over a one-year period, which can be considered
a trait immunity (Wilod Versprille et al. 2019). Given the recent
interest in the topic of immune functioning and the role of psy-
chological factors in this functioning, the ISQ is being increas-
ingly utilised to examine associations at the intersection between
psyche and soma. Recent investigations have explored the con-
nection between ISQ scores and outcomes such as wound heal-
ing, work absenteeism, the severity of COVID-19 symptoms and
emotion regulation (Alfawaz et al. 2023; Balikji et al. 2022; Sips
et al. 2023; Verster et al. 2023). ISQ scores have been found to
be significantly correlated to an array of health-related indicators
such as BMI, healthy diet, irritable bowel syndrome, depression,
anxiety and stress (Verster et al. 2022).

Despite the range of uses, there have been few investigations
carried out to assess the psychometric properties of the ISQ
outside of the initial validation (Wilod Versprille et al. 2019).
This initial validation study used Cronbach’s alpha and Pear-
son’s correlation coefficients to examine the reliability and valid-
ity of the ISQ. Results showed marginal internal consistency
(e.g., «=0.63), strong test-retest reliability (r=0.80) and signif-
icant correlations with perceived immune fitness, stress, fatigue,
depression, anxiety and symptoms of irritable bowel syndrome
(Wilod Versprille et al. 2019). A recent investigation took a
similar approach and supported the reliability and validity of
the ISQ (Azhar et al. 2022). While CTT approaches provide
insights into many key psychometric properties, Rasch analy-
sis offers additional advantages, namely, extended information
about item properties, person abilities and dimensionality. These
issues relate to how well items contribute to the construct, the
level or strength of the construct (‘ability’ level) and the unity of
underlying traits.

Given the increasing importance of measuring immune sta-
tus globally, testing the ISQ across multiple languages and
cultures for measurement invariance is required to facilitate
valid cross-cultural comparisons. To date, validations have only
been conducted in Dutch and Indonesian populations (Azhar
et al. 2022; Wilod Versprille et al. 2019). Rasch methodol-
ogy is capable of shedding light on unknown psychometric
properties such as item and person parameters, reliability and
dimensionality, as well as examining the measurement invari-
ance of the ISQ via differential item functioning (DIF) anal-
ysis (Fournier et al. 2020; Hobart and Cano 2009; Lightfoot
et al. 2021; Rasch 1960; Tennant and Conaghan 2007; Andrich
and Hagquist 2015). Observing an acceptable fit to the Rasch
model permits the creation of an algorithm that can be used to
transform ordinal raw scores to interval-level data. Transform-
ing raw ISQ data will permit appropriate comparisons of ISQ

scores to such interval-level measures as physiological health
markers (e.g., blood cytokine concentrations) (Huang et al. 2021;
Lv et al. 2015).

Rasch methodology has been increasingly adopted in several
fields (e.g., public health, psychology, medicine) for its desirable
measurement properties and depth of assessment. Therefore, an
analysis from a Rasch perspective can provide a more thorough
investigation of the scale’s psychometric properties (Hobart and
Cano 2009; Tennant and Conaghan 2007; Rasch 1960). The origi-
nal Rasch model is an approach to psychometric assessment that
is based on an estimation of both item difficulty and person abil-
ity using dichotomous response data (Rasch 1960). Extensions
of this model resulted in its suitability for use with polytomous
data via the Rating Scale (Andrich and Hagquist 2015) and Partial
Credit models (Masters 1982). As mentioned earlier, an advan-
tage of the Rasch model is its ability to convert ordinal responses
tointerval-level data (Stevens 1946). There are clear benefits man-
ifesting as enhanced reliability, improvement in sample targeting
and a reduction of measurement error (Hobart and Cano 2009;
Khan et al. 2013; Norquist et al. 2004).

Thurstone defined the principles of measurement (Thur-
stone 1928) as invariance (an instrument should not vary
depending what is being measured), unidimensionality (a single
latent trait best explains the response pattern) and concatenabil-
ity (scale data can be meaningfully added and subtracted). Given
its properties, the Rasch model is aligned with these fundamen-
tal principles (Wright 1997). In contrast, models that lack these
properties can allow for parameter concessions that can inflate
model fit by conforming to sample data (Hambleton et al. 1991).
The current study aimed to examine the cross-cultural valid-
ity and generalisability of the ISQ using Rasch methodology
(Rasch 1960; Bartholomew et al. 2022) in a sample including five
nations. Our objectives were to test the psychometric properties
of the ISQ and develop ordinal-to-interval conversion tables
to enhance both its precision and its suitability for use with
parametric statistics.

2 | Methods

2.1 | Participants

The participants for this study were collected from several other
investigations and included respondents from India (n=384),
the Netherlands (n =4283), New Zealand (n=1039), Saudi Ara-
bia (n=1296) and the United States (n=510). A random sam-
ple of 250 was taken from each country dataset and combined
into a full sample (N =1250). The sample size for individual
country analyses was selected using the recommended ranges of
250-500 (Hagell and Westergren 2016), while minimising infla-
tion of chi-square statistics for the full sample. The combined
sample (N =1250) exceeded recommendations, but was neces-
sary for the objectives of cross-cultural validation. Table 1 shows
the demographic characteristics of the participants for each coun-
try, including sex and age. In the full sample, ages ranged from 18
to 90 years (M =36.05, SD = 15.92). Age data were separated out
into three categories (18-25, 26-40, 41-90) for later invariance
testing using DIF.

20f10

International Journal of Psychology, 2025

85U8017 SUOWILLOD 8A 18810 3dedldde ay) Aq peusenob a1e sooile O ‘8sn JO'Se|n. 10} ArIqi]8UIIUQ A1 UO (SUONIPUCD-PU-SLLIBI WO A8 | 1M AlRIq 1 BU1[UO//:SdNLY) SUORIPUOD PUe SWIB | 8L 88S *[5202/90/0T] uo Ariqisuliuo A8|im ‘AisieAiun 1ysenn Ad 15002 doll/z00T 0T/10p/wod"Ae | Afeiq1jeujuo//Sdiy Wwolj pepeojumod ‘v ‘G20z ‘X990varT



TABLE1 | Demographic and descriptive characteristics by sample.

Country
India Netherlands New Zealand Saudi Arabia United States Global

Characteristic (n=250) (n=250) (n=250) (n=250) (n=250) (N =1250)
Sex

Male, n (%) 89 (35.6) 103 (41.2) 119 (47.6) 60 (24) 131 (52.4) 502 (40.2)

Female, 1 (%) 161 (64.4) 147 (58.8) 131 (52.4) 190 (76) 119 (47.6) 748 (59.8)
Age

Age, range 18-62 18-88 19-90 18-64 21-72 18-90

Age, M (SD) 23.74 (7.43) 41.16 (18.02) 48.63 (16.81) 29.78 (10.17) 36.95 (11.37) 36.05 (15.92)
ISQ score, M (SD) 6.59 (3.82) 5.97 (3.72) 6.24 (3.82) 6.85 (4.71) 10.27 (6.13) 8.04 (5.71)

2.2 | Procedure

Participants were recruited across five countries (India, the
Netherlands, New Zealand, Saudi Arabia and the United States).
All participants used the same English version of the ISQ. The
Dutch dataset comprised a combination of six studies assess-
ing the ISQ as part of online surveys on health and immune
fitness recruited by advertisement and email (Kiani et al. 2021,
2022; Becht et al. 2022; Huls et al. 2018; Baars et al. 2019; Sulzer
et al. 2019). Participants in Saudi Arabia were recruited online
via social media platforms (e.g., X, Facebook) between June
and October 2022. Participants from India were invited through
email or WhatsApp. The United States data were collected using
Mechanical Turk, and participants were compensated $1.50.
Quality control measures included attention-check questions,
response time filtering and restrictions to high approval rated
respondents. The New Zealand sample utilised the Qualtrics and
Dynata platforms, and participants were compensated $5. All
data collected complied with regional ethics requirements, was
obtained with informed consent and all participants were made
aware that their responses could be included in data analysis and
publication in scholarly journals. Only complete responses with
no missing data were included in the analysis.

2.3 | Measures

The ISQ requires participants to indicate the frequency of seven
different symptoms in the past 12 months such as Q1: ‘Sudden
high fever’, Q2: ‘Diarrhoea’, Q3: ‘Headache’, Q4: ‘Skin prob-
lems’, Q5: ‘Muscle and joint pain’, Q6: ‘Common cold’ and
Q7: ‘Coughing’ (Wilod Versprille et al. 2019). The scale uses a
5-point Likert-scale for participants to record responses to items
(0= Never to 4= (Almost) always). A total score is computed by
summing all 7 items together. These are then converted to a 0-10
scale where higher scores indicate better immune functioning.
For example:

- Raw sum > 15 — score of 0
- Raw sum of 14 — score of 1
- Raw sum of 13 — score of 2.

As this was the way to deal with the limitations of an ordinal scale,
we aimed to transform ordinal scores (0-28) into an interval level

(0-10), simplifying the score adjustment. In terms of reliability,
the ISQ has previously displayed a moderate internal consistency
with a Cronbach’s alpha of 0.63. However, this could be expected
given the distinct symptom regions that each ISQ item covers
(Wilod Versprille et al. 2019).

2.4 | Data Analyses

IBM Statistical Package for the Social Sciences (SPSS) v27 was
used for descriptive statistics, while Rasch analysis was facili-
tated by RUMM2030plus (Andrich et al. 2009). The combined
sample (n =1250) exceeded recommendations but was necessary
for cross-cultural validation (Hagell and Westergren 2016). To
account for the large sample size in the omnibus analysis, a root
mean square error of approximation (RMSEA) value was utilised
to determine the overall model fit, where a value of <0.02 indi-
cates acceptable fit (Kersten et al. 2018). A likelihood ratio test
indicated the unrestricted Partial Credit model was most suitable
for the data, which allows item thresholds to vary freely rather
than being constrained uniformly as in the Rating Scale Model
(Masters 1982; Lundgren-Nilsson and Tennant 2011).

Rasch analysis is an iterative process whereby the fit of the
observed data to the Rasch model is examined by eight key
indices. This iterative approach involves systematically evaluat-
ing and refining the model to address misfit or issues with thresh-
olds or residual correlations, for example until they are resolved.
Firstly, overall model fit (1) is indicated by a non-significant
item-trait interaction chi-square, while item fit (2) uses resid-
ual values ideally falling within a range of —2.50 to +2.50. A
Smith’s test is used to provide evidence for unidimensionality
(3), with both 5% and 1% cut-off values suggesting either evi-
dence, or strict evidence for unidimensionality (Smith 2002; Ten-
nant and Pallant 2006). Correct threshold ordering (4) is evalu-
ated via examination of item characteristic curves. If disordered
thresholds are observed, this implies that the respondents’ scores
are not progressively increasing alongside the response options
(Andrich 1978). Sample targeting (5) assesses whether there is
appropriate coverage of the abilities of the persons in the sam-
ple by the scale items. This can identify possible floor and ceil-
ing effects, and ideal values should fall between +0.50 and —0.50
for an item mean of 0 (Tennant and Conaghan 2007). Local
response dependence (6) may also be an issue; this is assessed by
examining the residual correlation matrix for values above 0.20
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(Christensen et al. 2017). Local dependence can result in several
issues, such as spurious correlations and distortions to dimen-
sionality and reliability indices (Marais and Andrich 2008). Scale
reliability (7) is assessed by Cronbach’s alpha («), McDonald’s
omega () and the Person Separation Index (PSI). PSI reflects
the capacity of a scale to differentiate between varying levels of
ability possessed by different individuals (Fisher 1992). Differ-
ential item functioning (8) is indicated if respondents from cer-
tain sub-groups, such as sex or country groups, who possess the
same latent trait level, are observed to have different response
patterns to the same item (Medvedev and Krigeloh 2022). A DIF
analysis can determine whether the ISQ possesses measurement
invariance (Thurstone 1928). Given the aim of the current study,
an omnibus global analysis combining all country samples was
conducted first, with any promising solutions to be confirmed
in subsequent analyses on individual country samples. Results
will be reported in a sequence starting with the omnibus analysis
(includes global and item fit, local dependency, threshold order-
ing, DIF, unidimensionality and reliability), any subtest modifica-
tions (including any notable influences on psychometric proper-
ties) and country-specific confirmatory analyses (including simi-
lar details to the omnibus analysis). Lastly, a satisfactory fit to the
Rasch model permits the creation of an ordinal or interval conver-
sion algorithm, and in this instance, a paired-samples t-test will
be conducted to evaluate the benefits of conversion.

3 | Results

Mean ISQ scores ranged between 5.97 (SD=3.72) and 10.27
(SD = 6.13), and no significant differences between samples were
observed (Table 1). Initial global analysis results are displayed
in Table 2 and indicate a poor overall model fit, with a sig-
nificant item-trait interaction chi-square (y>=132.11, p<0.01)
and RMSEA of 0.047. Significant item misfit was observed for
items 1 and 7 (Table 3). Local response dependence was observed
between items 6 and 7 (r=0.20). Disordered thresholds were
seen in items 1 and 4, as response category two never becomes
modal. DIF was also observed between country samples on all
items between the Netherlands and all other samples, as well
as between New Zealand and all other samples. Evidence for
strict unidimensionality was observed in the results of Smith’s
test (1.57%; Table 2). Alpha, omega and PSI reliability values

showed support for the internal consistency of the ISQ and
its appropriate use for between-group comparisons (« =0.86,
®=0.89, PSI=0.76).

Considering the threat to content validity associated with
item deletion, particularly in short scales, local dependence
was resolved using sub-test methodology (Lundgren-Nilsson
et al. 2013; Medvedev et al. 2018). This involves combining the
scoring structures of two items based on residual correlations
and conceptual meanings. Modifications were made by combin-
ing items 5 and 7 (Sub-test 1, ‘Influenza’), items 1 and 4 (Sub-test
2, ‘Inflammation’), and items 2 and 3 (‘Gastro’). Item 6 (‘Com-
mon Cold’) remained on its own. These sub-tests were created
as a pragmatic solution to address local dependency and improve
measurement properties, not as a theoretical reclassification of
the content areas. For example, while diarrhoea and headache
may seem distinct, their co-occurrence in gastrointestinal con-
ditions and empirical indications justified their pairing under
‘Gastro.” After modifications, no local dependence was observed.
Global and individual item fit indices also improved, with no
significant misfit observed for any sub-tests or for item 6, along
with an acceptable RMSEA (<0.02). Given the large sample
size, RMSEA is more appropriate than the chi-square p-value for
determining model fit (Kersten et al. 2018). Scale reliability also
improved slightly (PSI=0.79), and evidence for strict unidimen-
sionality remained (3.28%).

Under this sub-test solution, the various instances of potential
DIF were reduced to three cases. Firstly, between New Zealand
and the Netherlands on sub-test 3; next, between New Zealand
and the Netherlands on sub-test 4; and lastly, between Saudi
Arabia and the Netherlands on sub-test 4. Visual inspection of
the ICC plots suggested uniform DIF. To investigate further, ETS
delta values were calculated (Zieky 1993). All three cases dis-
played delta values well below the threshold of 1.0 to be consid-
ered negligible DIF, indicating no present DIF (delta = 0.30, 0.05
and 0.43, respectively). Results confirm that the DIF observed ear-
lier was an artefact of the high number of comparisons between
groups (Andrich and Hagquist 2015).

Figure 1 illustrates improvement after modification for disor-
dered thresholds observed for items 1 and 4, with no cate-
gories working inappropriately in sub-test 1. Additionally, the

TABLE 2 | Overall model fit statistics for initial and final analyses by country (n =250) and global (N =1250).

Significant t-tests

Person fit residual Item fit residual Goodness of fit (unidimensionality)
Analyses Value/SD Value/SD x2 (df) P RMSEA PSI % Lower bound
Initial GL —0.35 0.98 -1.01 2.88 132.11(35) <0.001  0.047 076 1.52  <0.001 (YES)
Final GL —0.40 0.97 -0.49 1.26 47.19 (32) 0.041 0.019 0.79 3.28 0.16 (YES)
Conf. IN —0.43 0.94 —-0.36 1.60 15.54 (12) 0.213 0.015 0.82 2.80 <0.001 (YES)
Conf. NL —-0.41 0.94 -0.29 1.43 21.95 (20) 0.343 0.001 0.67 3.60 <0.001 (YES)
Conf. NZ -0.27 0.72 -0.17 0.47 15.84 (16) 0.464 <0.001 0.65 3.60 <0.001 (YES)
Conf. SA 1.49 1.11 -0.07 -0.31 28.96(28)  0.415 0.005 0.71 3.60  <0.001(YES)
Conf. US —0.39 1.04 —0.20 1.88 19.33 (20) 0.501 —-0.033 090 1.63 0.81 (YES)

Abbreviations: Conf. = Confirmatory, GL = Global, IN =India, NL = Netherlands, NZ = New Zealand, SA = Saudi Arabia, US = United States.
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TABLE 3 | Initial and final item fit statistics by country for the ISQ.

Item1 Item2 Item3 Item4 Item5 Item6 Item7 Sub-testl Sub-test 2 Sub-test 3 Item 6
initial  initial initial  initial initial initial initial final final final final

Country Fever Diarrhoea Headache Skin M/Jpain C.cold Coughing Influenza Inflammation Gastro C.cold
Global

Location —0.72* —0.30 0.41 0.22 0.53 -0.13 0.01* 2.28 -0.29 0.09 —0.08

Fit residual —3.72% -0.74 2.88 2.57 2.26 -3.35 —4.39* —-2.24 0.02 —0.45 0.69

Chi square 34.36% 16.60 15.80 13.03 10.64 13.21 28.47* 13.80 14.29 5.75 13.36
India

Location —2.58 —-0.67 2.63* 0.28 0.49 0.16 —0.31 —0.05 —-0.44 0.53 —0.04

Fit residual —0.68 -0.72 —3.43* 1.21 0.63 —-0.87 —-1.06 -1.11 1.32 —-2.22 0.57

Chi square 5.70 5.90 60.44* 5.47 8.11 2.46 3.19 2.24 6.60 4.97 1.73
The Netherlands

Location -0.86 -0.15 -0.16 0.67 0.22 -0.07 0.34 0.47 -0.67 0.07 0.13

Fit residual —1.40 0.02 1.59 0.01 -0.77 —0.96 -2.11 —2.40 0.37 0.72 0.15

Chi square 5.48 3.42 10.85 8.18 10.67 6.37 12.11 7.28 6.95 3.03 4.69
New Zealand

Location —0.89 —0.08 0.50 0.34 1.14 —0.50 -0.51 —0.28 —0.38 0.40 —0.30

Fit residual -1.14 -0.31 0.44 1.06 0.73 —0.54 -0.83 —0.52 0.05 0.61 0.38

Chi square 11.23 4.71 2.07 3.29 1.71 2.17 0.95 1.22 4.04 4.56 6.02
Saudi Arabia

Location —0.50 —-0.47 0.95 0.26 0.71 —0.67 —0.28 0.47 -0.23 0.11 —0.35

Fit residual -1.38 0.24 —0.69 0.77 0.43 -1.73 -1.14 -0.49 0.04 0.67 -0.51

Chi square 17.31 3.19 10.88 8.66 5.90 9.29 7.39 3.55 9.80 7.76 7.85
United States

Location —-0.42 -0.53 0.65 —-0.38 0.12 0.16 0.39 0.27 —-0.38 -0.05 0.16

Fit residual —0.28 —0.18 1.1 -0.11 0.49 1.16 -1.11 —1.38 -1.74 —0.09 241

Chi square 7.53 6.18 1.86 0.47 0.94 6.82 2.88 3.51 5.09 4.46 6.26

*Significant misfit Bonferroni adjusted p < 0.05.

person-item threshold distribution displays a 95% coverage of
abilities in the sample, with a negligible ceiling effect (Figure 2).
Given the acceptable results of global sub-test modifications, con-
firmatory Rasch analyses were carried out on each country sam-
ple. Subsequent analyses replicated the same sub-test modifica-
tions done for the global analysis.

Results showed an acceptable overall fit for India (y%(12) = 15.54,
p=0.213), the Netherlands (y%(20)=21.95, p=0.343), New
Zealand (y2(16) = 15.84, p = 0.464), Saudi Arabia (y%(28) = 28.96,
p=0.415), and the United States (y2(20)=19.33, p=0.501).
Marginally acceptable reliability values were observed for the
Netherlands (PSI=0.66), New Zealand (PSI =0.65) and Saudi
Arabia (PSI=0.70), while India (PSI=0.82) and United States
(PSI=0.90) displayed higher reliability. Evidence of strict uni-
dimensionality was observed in all cases, and DIF by age or
sex was not found. Confirmatory analyses showed support for
the global sub-test approach, as no countries were observed
to deviate significantly from the model, show signs of DIF, or
multidimensionality.

Successful model fit permitted the production of an
ordinal-to-interval conversion table (Table 4). To investigate
whether the benefits of conversion were significant, a paired

samples t-test was conducted between ordinal and interval score
sets (Norquist et al. 2004). Results showed ordinal scores had a
mean of 5.83 (SD =3.29), while interval scores had a mean of
6.59 (SD =1.40). The mean difference between the sets (—0.76)
was significant (t = —12.49, p < 0.001). Interval scores had almost
twice the lower standard error (0.04) compared to ordinal scores
(0.09) of the same range, providing evidence of a reduction in
measurement error contributing to an increase in scale precision
(Khan et al. 2013).

4 | Discussion

This study aimed to evaluate the psychometric properties and
cross-cultural validity of the ISQ across five countries using Rasch
methodology. Following the initial analysis, subtest modifica-
tions were used to find a solution for local dependence, result-
ing in a satisfactory global fit, with acceptable reliability, strict
unidimensionality and no item bias by age or sex. As a result,
five subsequent country-specific analyses were undertaken using
the same modification method in a confirmatory approach. Sub-
test modifications in each country sample resolved local depen-
dency and resulted in improved fit to the Rasch model along
with increased reliability. There was no evidence for DIF present
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FIGURE1 | ISQ item characteristic curve (ICC) for item 1 and 2 (above, middle), and sub-test 1 (below).

by age or sex, and evidence for strict unidimensionality was
observed. In other words, the ISQ functions equivalently regard-
less of the respondent’s age or sex, making it suitable for diverse
populations without risk of substantial bias at the item level.
These results establish the cross-cultural validity of the ISQ and
support its potential as an accurate tool for assessing immune sta-
tus across nations.

Immune status is an important metric for a variety of clinical and
research purposes. ISQ scores have been used to assess the rela-
tionship between immune status and health-related factors such
as wound healing, the severity of COVID-19 symptoms, emotion
regulation, BMI, IBS symptoms, depression, anxiety and stress,
among others. Its use in clinical populations shows its potential
for identifying patterns in immune health across both general and
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condition-specific contexts. To date, the ISQ has been validated at
a basic level, yet no investigations have assessed its dimensional-
ity, item properties or cross-cultural validity.

Results provide strong evidence indicating the ISQ measures a
single, distinct latent trait. Furthermore, modifications did not
involve removing scale items, which may have impacted dimen-
sionality and damaged content validity. The latter is an impor-
tant aspect for the ISQ, as while items are inter-related and pos-
sess some overlap, each item also measures unique aspects of
immune functioning (Medvedev et al. 2018; Khan et al. 2013;
Wilod Versprille et al. 2019). In practical terms, this means that
while individual items target different dimensions of immune
health—they are cohesive enough to collectively represent an
overarching construct of immune status.

Results permitted the production of conversion tables (Table 4).
Converted data are suitable for use with parametric statisti-
cal tests without violating their assumptions (Medvedev and
Krigeloh 2022). Furthermore, a paired samples ¢-test demon-
strated evidence of an increase in scale accuracy from ISQ
conversion. For clinicians or researchers to use this table, ordi-
nal raw scores (left column) should be obtained by adding the
observed scores for all seven items. Next, match the ordinal total
score (0-28) to the corresponding interval score in the right
column (scale 0-10). A final converted score between 0 and 10
will be obtained, with higher scores corresponding to a stronger
immune status.

Past investigations may have derived benefits from conversion.
To illustrate this point, reductions in measurement error and
compliance with parametric assumptions could have potentially
allowed a step-wise regression analysis to reveal a larger variance
explained by ISQ scores in the number and severity of COVID-19
symptoms (Kiani et al. 2022). Similarly, conversion might have
resulted in the increased precision of effect size estimates of
immune status differences between active and control conditions
when evaluating the effects of a proposed immunomodulating

treatment (Khadke et al. 2023). While these possibilities are spec-
ulative, they illustrate the potential utility of interval conversion
in future work, where researchers may seek to make valid com-
parisons between ISQ scores and immune-related physiological
measures such as cytokine or complement protein concentra-
tions (Carpenter et al. 2010).

Establishing measurement invariance suggests that the ISQ
is invariant to cultural differences. Furthermore, ISQ scores
can now be compared without bias across people from India,
the Netherlands, New Zealand, Saudi Arabia, and the United
States. Given the recent global COVID-19 pandemic, comparing
immune status scores across nations is vital to investigations into
the impact of cultural factors on immune status, disparities in
health outcomes across countries or identifying risk and protec-
tive factors unique to countries or cultures. Findings in these
domains may inform public health policy.

5 | Limitations of This Study

The current study focused on only five nations, and expand-
ing to include a broader range of countries could provide more
comprehensive cross-cultural validity. A potential limitation of
this study is the imbalance in gender and age distribution across
country samples, which could introduce confounding effects.
The samples showed demographic variations between countries,
with some skewing older (the Netherlands, New Zealand) or
more heavily female (India, Saudi Arabia). It should also be
noted that sample size was not an issue. The Rasch model main-
tains robust item calibration and reliability even when sam-
ples are reduced from 5000 to 250 (Linacre 1994). The findings,
though promising, should be approached with cautious opti-
mism, and further studies are necessary to cement the ISQ’s reli-
ability and validity in a wider number of settings. Next, the sam-
ple comprised participants of the general population, without
collecting information on formally diagnosed disease. Therefore,
future research should aim to clinically validate the ISQ given
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TABLE 4 | Ordinal to interval score conversion table for the ISQ.

Ordinal Interval scores
Raw scores Logits Scale (0-10)
0 —4.06 10.00
1 -3.15 8.94
2 —-2.53 8.22
3 —2.09 7.71
4 —-1.76 7.33
5 —1.49 7.01
6 —-1.27 6.76
7 —-1.07 6.52
8 —-0.90 6.33
9 —-0.75 6.15
10 —-0.61 5.99
11 —-0.47 5.83
12 —0.35 5.69
13 —0.22 5.53
14 —0.10 5.40
15 0.03 5.24
16 0.16 5.09
17 0.30 4.93
18 0.45 4.76
19 0.62 4.56
20 0.80 4.35
21 1.01 4.10
22 1.26 3.81
23 1.55 3.48
24 1.90 3.07
25 2.32 2.58
26 2.85 1.97
27 3.56 1.14
28 4.54 0.00

Note: Conversion table can only be used for respondents with no missing data.
Interpretation: 0 = very poor, 10 = excellent.

its proximity and importance to clinical populations. A further
limitation was the comparatively lower reliability observed in
the Dutch and New Zealand samples. As no significant DIF was
observed between these two countries and the others, this sug-
gests the variation in reliability did not stem from inherent flaws
in the ISQ items or their interpretation at a national level. Instead,
differences may reflect greater variability in individual character-
istics within these samples, such as differences in health literacy
or symptom awareness —future work could investigate the influ-
ence of such third variables.
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