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INTRODUCTION

Data harmonization is the process of achieving comparabili-
ty of similar measures collected by separate cohorts by aligning
their definitions and measurement formats [1]. In epidemiologic
research, and in particular in predictive modelling for chronic non-
communicable diseases, it may facilitate the identification of der-
ivation and external validation cohorts [2]. This process may be
particularly challenging when psychosocial variables are amongst
the predictors of interest, as different self-report questionnaires
measuring the same psychosocial variable might capture different
aspects, and even small differences in item wording affect respons-
es [3]. Therefore, measurement invariance; i.e.; whether respond-
ents from different populations (e.g.; at different time periods, or
different cultures) with the same latent trait (e.g. depression) level
respond similarly, should be preliminarily established to avoid bias
in subsequent analyses [4]. Currently, there is litle guidance on
how to assess this property for data harmonization purposes. A
promising framework is ltem Response Theory (IRT), a probabilistic
approach for modelling the relationship between a latent trait and
observed item responses [5].

We designed an international project pooling Italian and Ger-
man cohorts with recruitment fime spanning over a 10-year period,
with the aim fo identify a restricted set of psychosocial items able to
increase the predictive power of established risk prediction models
for Cardiovascular Diseases (CVD). Here, we leverage IRT to as-
sess Differential ltem Functioning (DIF) in harmonised items, thereby
testing whether item characteristics are invariant across the ltalian
cohorts.

AIMS

To harmonise two questionnaires used in different cohorts
to assess depressive symptoms and to evaluate the measure-
ment invariance of the harmonised items across cohorts.
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METHODS

The MONICA Brianza study includes three independent
cohorts recruited from the Brianza population, Lombardy re-
gion, over a 10-year period (MONICA87: 1986-1987;
MONICAP0: 1989-1990; MONICA93: 1993-1994). Each
cohort includes a 10-year age- and gender-stratified random
sample of the target 25- to 64-years old population. Overall,
4932 individuals participated to the study (69% of invited).
Depressive symptoms were measured in the MONICAB87 co-
hort using the Beck Depression Inventory (BDI) [6], a 22-item
instrument with a O (absence of symptom) to 4 (severe symp-
tom) response format, and in the MONICA90-93 cohorts us-
ing a 14-item version of the Maastricht Vital Exhaustion Ques-
tionnaire (EX) [7], coded on a scale of O (“No”) — 1 (“Not
sure”) — 2 ("Yes”).

PROTOCOL STEPS FOR DATA HARMONIZATION
AND ANALYSIS

We developed an a priori protocol for data harmoniza-
tion based on the following steps. First, the content of the BDI
and EX items were analysed to select item pairs measuring the
same depressive symptoms. Second, for each item pair, the
response format was dichotomised ensuring that the collapsed
response categories have the most similar possible frequen-
cies of endorsement across cohorts. Third, the resulting scale
was analysed through a unidimensional Confirmatory Factor
Analysis and, in case of departures from unidimensionality, a
minimum residual exploratory factor analysis (EFA) to identify
subscales. Fourth, a 2-parameter logistic IRT model was fitted
on the resulting subscales to estimate for each item a discrim-
ination parameter (ability to differentiate between individuals
with close levels of the latent trait), and a difficulty parameter
(level of the latent trait at which the item has a 50% probability
of endorsement). Item fit was evaluated through S-X2 statistics
[8]. Finally, DIF analyses were conducted to evaluate whether
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item parameters were invariant across cohorts through Like-
lihood ratio tests comparing nested models with increasing
equality constraints on discrimination and difficulty param-
eters.

RESULTS

525 individuals in the MONICAB87 and 48 individuals in
the MONICAQ0-93 cohorts were excluded due to unavail-
ability of the questionnaires at baseline date. The final sam-
ple (51% female, mean age £SD: 45.9+11.3) included 1134
subjects from MONICA87 and 3225 from MONICA90-93.

The item content analysis led to the selection of 10 item
pairs, which were used to form a harmonised scale of de-
pressive symptoms (Dep). One item pair was discarded due
to overlap with another item pair, both assessing sleep dis-
turbance (tetrachoric correlation: 0.78). Standard fit indices
from the CFA suggested departures from unidimensional-
ity. EFA identified two latent variables, one underpinning
a “Neurovegetative and arousal disturbance” subscale (4
items; e.g., sleep problems; loss of energy), and one an “Af-
fective and cognitive disturbance” subscale (5 items; e.g.,
suicidal thoughts). Both subscales met the assumptions for
the IRT model and all items showed adequate model fit. DIF
analysis (Figure 1) confirmed measurement invariance for
six items (e.g.; Dep03, panel A). ltems Dep02 (panel B) and
DepO05 (panel C) exhibited different discrimination and dif-
ficulty parameters across cohorts, suggesting non-uniform
DIF. Finally, the different difficulty parameters for Dep10
(panel D), indicating uniform DIF, suggests that people from
different cohorts with the same latent trait have different
probability to endorse the item.

Figure 1. ltem Characteristic Curves (ICC) representing the prob-
ability to endorse items across the relevant latent trait (mean=0,
SD=1) across cohorts. Panel A: Example of the ICC of an item
without DIF. Panel B, C, D: ICC of items showing DIF
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CONCLUSIONS

The harmonization of two depression questionnaires iden-
tified 6 items with measurement invariance and revealed

DIF in items that could have biased subsequent analyses if
undetected. In epidemiological research, measurement in-
variance of psychosocial questionnaires should be thorough-
ly checked using comprehensive methods. Analysis of DIF
within an IRT framework offers a promising approach, and

can be further evaluated for cross-cultural evaluations.
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