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Background: The Euro-D depression scale consists of symptom clusters that may be differentially related
to demographic and cognitive characteristics in older adults. This hypothesis needs further investigation
and the role of measurement bias on substantive conclusions remains to be established.
Method: The study sample comprised 10,405 community-dwelling older adults from six Latin American
countries. We applied a Multiple Indicators Multiple Causes (MIMIC) model for a concurrent investiga-
tion of measurement bias and of the association between Euro-D symptom clusters and background
variables.
Results: The factorial validity of Euro-D, with a two-dimensional structure – affective suffering and
motivation disturbance, was consistently supported in all countries. Although complete measurement
invariance could not be assumed across countries, measurement bias was minor. Both Euro-D factors
were unrelated to age, but related to gender, as well as to impairment in memory and verbal fluency.
Gender differences were larger for affective suffering than for motivation disturbance, whereas differ-
ences in verbal fluency impairment were more strongly related to motivation disturbance.
Limitations: Our analytic strategies could only examine invariance at the level of indicator thresholds.
The generalisability of current findings needs to be examined in clinical populations. A wider set of
cognitive tests is needed. We did not examine the compositional factors that could have accounted for
the variation in Euro-D scores across countries, as this was beyond the aims of the paper.
Conclusion: The current study adds evidence for the construct validity of Euro-D and for the possible
differential association of depression symptom-clusters with gender and verbal fluency in older adults.
An understanding of the heterogeneity of late-life depression may carry clinical implications for the
diagnosis and treatment of depression in old age.
& 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The clinical picture of late-life depression differs in several aspects
from that observed in early-life depression. While Major Depressive
Disorder (MDD) has a lower prevalence in older adults, subclinical
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depressive symptoms are more common in old age (Meeks et al.,
2011; Romanoski et al., 1992). Moreover, older individuals are less
likely to report depressed mood (Gallo et al., 1994) and more likely to
report somatic symptoms, fatigue, appetite loss, concentration diffi-
culties, lack of interest in activities and cognitive disturbance (Foun-
toulakis et al., 2003; Gallo and Rabins, 1999). Although core symptoms
required for a standard diagnosis of Major Depressive Disorder include
the presence of depressed mood or the loss of interest in activities,
late-life depression may be characterized by a “depression without
sadness” syndrome (Gallo and Rabins, 1999). As such, late-life
depression may be under-detected and under-treated if clinical
assessments focus uniquely on the MDD criteria of the Diagnostic and
Statistical Manual of Mental Disorders, 4th Edition (DSM-IV).

The above findings suggest that factors other than depressed mood
are likely to account for the high rates of subclinical depressive
symptoms in old age. One such factor could be the presence of
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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cognitive impairment, with older individuals showing pronounced
executive function deficits, slower processing speed and concentration
difficulties (Butters et al., 2004). It was suggested that ageing-related
dysfunctions of fronto-striatal structures and cerebrovascular disease
may precipitate late-life depressive symptoms (Alexopoulos et al.,
2005; Alexopoulos et al., 2002). The clinical manifestations of these
dysfunctions include executive function/verbal fluency impairment, as
well as depression-like symptoms (e.g., reduced interest in activities).

Psychometric studies have provided factor analytic evidence that
DSM-III symptoms of depression tend to cluster into two dimensions:
disturbance of mood/affective suffering (e.g., depressed mood, tear-
fulness) and disturbance of motivation (e.g., lack of interest, poor
concentration) (Forsell et al., 1994). Similar depression domains have
been reported by factor analytic studies of Euro-D, a scale developed to
assess symptoms of depression in older adults (Castro-Costa et al.,
2007; Prince et al., 1999a; Verropoulou and Tsimbos, 2007). Further-
more, these studies showed that the two Euro-D domains were dif-
ferentially associated with demographic variables and cognitive func-
tion levels. For instance, whereas females reported higher levels of
affective suffering than males, this was not the case for motivation
symptoms. This finding is consistent with a large body of literature
that documented gender differences in mood disturbances (Djernes,
2006; Inaba et al., 2005; Mirowsky, 1996). Furthermore, while the
severity of motivation symptoms increased with age, the severity of
affective suffering symptoms did not. Also, a positive association was
found between verbal fluency impairment and the severity of moti-
vation symptoms, but not affective suffering symptoms. Memory
impairment was unrelated to either symptom clusters. Taken together,
these findings provided indirect support for the “depression-executive
dysfunction hypothesis” which posits that late-life depression can
present as motivation-related symptoms driven by ageing-related
decline in executive function (Alexopoulos, 2005). Given that the
distinction between affective suffering and motivation symptoms may
carry clinical implications for the diagnosis and treatment of depres-
sion in old age, this hypothesis warrants further investigation.

The assessment of depressive symptoms across geographical
regions requires instruments that are culturally-valid. Cultural beliefs
can influence response behaviours leading to biased estimates of
group differences in trait levels. An instrument is culturally invariant
when individuals from different cultures have similar probabilities of
item endorsement. A study that investigated the invariance of Euro-D
across European countries suggested that the affective suffering factor
is better characterised and more invariant across European countries
than the motivation factor (Castro-Costa et al., 2008). Further inves-
tigation is needed to assess the validity of Euro-D in low and middle
income countries.

This study aimed:
a.
 to establish the factor structure of Euro-D across six Latin
American countries;
b.
 to determine whether measurement bias has weakened or
exaggerated any differences in depression functioning between
countries, gender, age and cognitive function levels;
c.
 to test previous hypotheses of a differential association of
depression domains with age, gender, verbal fluency and
memory performance.
2. Method

2.1. Participants

The study sample consisted of 10,405 older adults from six
Latin American countries (Peru, Venezuela, Mexico, Puerto Rico,
Cuba, Dominican Republic) who took part in the first wave of
population-based surveys conducted by the 10/66 Dementia
Research Group (Prince et al., 2007). All participants included in
this study were at least 65 years old and had no diagnosis of
dementia. Participants from Peru and Mexico were recruited from
both urban and rural catchment areas, while participants from the
other four countries were only recruited from urban areas. Studies
were approved by local ethical committees in each country, and by
the King's College London Research Ethics Committee. All indivi-
duals who took part in the surveys provided an informed consent.
Interviews were conducted by trained individuals and were
usually carried out in the interviewees' homes in a single session
that lasted two to three hours.

2.2. Measures

The EURO–D (Prince et al., 1999b) is a scale developed from the
Geriatric Mental State (GMS; Copeland et al., 1976) with the aim to
assess 12 symptoms of late-life depression: depressed mood,
pessimism, suicidality, guilt, sleep, interest, irritability, appetite,
fatigue, concentration, enjoyment and tearfulness. Scores range
from 0 to 12, with higher scores indicating greater symptom
severity. Good internal consistency and criterion validity have
been reported for this instrument (Prince et al., 1999b). A score of
4/5 or above has been reported as the optimal cut-off point for the
identification of probable depression cases (Castro-Costa et al.,
2007; Guerra et al., 2015). Principal component analysis (PCA) and
confirmatory factor analysis have revealed that a two-factor
solution-affective suffering and motivation-fits the data well
across European countries (Castro-Costa et al., 2008; Prince et al.,
1999a; Prince et al., 1999b), Latin American countries and India
(Prince et al., 2004). Across European countries, stronger mea-
surement invariance was found for the affective suffering factor
than the motivation factor (Castro-Costa et al., 2008).

Assessments of cognitive function included the delayed recall
of a 10-word list and the animal naming verbal fluency task
adapted from the Consortium to Establish a Registry for Alzhei-
mer's Disease (CERAD; Vanderhill et al., 2011). The delayed recall
task required participants to recall 10 words that had been pre-
viously presented three times during the learning phase. The
animal naming verbal fluency task required participants to name
as many animals as possible over a period of 1 min. Performance
on the verbal fluency task is thought to rely upon multiple cog-
nitive processes such as semantic memory, language ability, and
executive function components (Abwender et al., 2001; Henry and
Phillips, 2006). Additionally, we used measures of age, gender and
country of residence.

2.3. Statistical analysis

Structural Equation Modelling (SEM) analyses were conducted
in MPlus Version 7.2 (Muthén and Muthén, 1998–2012) using
mean and variance-adjusted weighted least squares (WLSMV)
estimation. WLSMV is well suited for modelling categorical or
ordered data and does not assume normally distributed variables
(Brown, 2006). Confirmatory factor analysis was conducted to test
a model with two first-order factors (affective suffering and
motivation). Drawing upon previous factor analytic findings
(Prince et al., 1999b), we hypothesised that loss of interest, lack of
enjoyment and poor concentration should load on the motivation
factor, whereas the other nine Euro-D items should load on the
affective suffering factor. The model was tested in each Latin
American country separately as well as in the pooled sample.
Model fit was evaluated based on commonly adopted standards.
Conventionally, a Chi-square index with a P-value above 0.05
shows good model fit, indicating a small discrepancy between the
sample covariance matrices and the covariance matrices predicted
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by the model (Hu and Bentler, 1999). However, because Chi-Square
statistic is sensitive to sample size, the model is nearly always
rejected when large samples are used (Bentler and Bonett, 1980).
Therefore, the comparative fit index (CFI; Bentler, 1990), and the
Tucker Lewis index (TLI; Tucker and Lewis, 1973) were also used
when evaluating model fit. Values above 0.90 were considered an
acceptable fit, and above 0.95 a good fit. The root mean square
error of approximation (RMSEA; Steiger, 1990) should have values
below 0.10 for acceptable fit, and below 0.05 for good fit. Mod-
ification indices, which are derived from model Chi-square, were
examined to decide whether additional parameters should be
estimated to improve model fit.

After evaluating the measurement model, we proceeded to
testing the validity of the model in the presence of covariates
using Multiple Indicators Multiple Causes (MIMIC) modelling.
MIMIC consists of a measurement model (established at the CFA
stage), as well as a structural model. The structural model specifies
the effect of the covariates/grouping variables on factors, thereby
estimating group difference in latent factor means. The structural
model can also include direct effects of the covariates on indica-
tors, holding the latent variables constant. A significant direct
effect indicates differential item functioning (DIF). DIF is present
when response probabilities to an item differ between groups,
despite the fact that groups have been matched for levels of the
latent variables. For instance, if males have a lower probability
than females of responding “Yes” to the item “Have you cried at
all?”, despite similar levels of affective suffering, the item is con-
sidered to have gender DIF. The presence of DIF undermines
measurement invariance. Conversely, measurement invariance is
concluded when the probability of endorsing an item is compar-
able between groups, given similar levels of the latent trait score.

The following covariates were included in our model: country,
gender, age, verbal fluency and delayed recall. Female gender was
used as the reference group in all analyses. Dummy variables were
created to allow for country comparisons and Cuba was used as
the reference group as it has the largest sample size. A step-wise
forward approach was used to assess the direct effects. To decide
which direct path should be first added to the model, we exam-
ined the magnitude of the modification indices. Each modification
index suggests how much the model could be improved by esti-
mating an additional parameter (e.g., direct path). The modifica-
tion index with the highest magnitude suggests the direct path
that could be added to the model for the best improvement in
model fit. Accordingly, we added the direct path with the highest
modification index and compared this model with the simpler
model which contained no direct path. A DIFFTEST (Muthén and
Muthén, 1998–2012) was conducted to determine whether adding
the direct path resulted in a significant improvement in model fit.
Conventionally, a χ2 difference with a P-value below 0.05 indicates
that the model that estimates the direct path fits the data better
than the simpler model; therefore, the more complex model
should be retained. Conversely, a P-value larger than 0.05 suggests
that the estimation of the direct path does not result in a sig-
nificant improvement in model fit; therefore, the simpler model
should be retained. Direct paths can be added to the model until
the inclusion of a new path does no longer result in a significant
improvement in model fit. However, given our large sample size,
DIFFTEST results are likely to be significant even when they reflect
trivial improvement in model fit. Therefore, the number of direct
paths included in our final model was determined after an
examination of the practical impact of the DIFFTEST results. Spe-
cifically, we examined the magnitude of the direct effects, and the
impact of the direct paths estimation on conclusions about group
differences in factor means. Any improvement in model fit, albeit
statistically significant, would have a trivial impact on our model
results when the magnitude of the direct effects is very small and
the size of the estimate of group differences in factor means
remains largely unchanged. Furthermore, we examined the cor-
relation between factor scores before and after adding each direct
path. A correlation of almost one between factor scores suggests
that the estimation of additional direct paths does not change the
model in important ways.
3. Results

3.1. Descriptive statistics

Across variables, an overall 2.21% of data were missing. Descriptive
statistics per country and in the overall sample are presented in
Table 1. The overall sample consisted of a female majority, had a mean
age of 74 years, an average score of 4.7 on delayed recall and an
average score of 15.8 on verbal fluency. Country-specific proportions of
individuals reporting the 12 Euro-D items are also presented in
Table 1. Mean Euro-D scores varied from 1.7 in Puerto Rico to 2.9 in
Dominican Republic. The proportion of EURO–D scores with a value of
4 or above varied from 16.3% in Puerto Rico to 36.4% in Dominican
Republic (Castro-Costa et al., 2007).

3.2. Confirmatory factor analysis

Confirmatory factor analysis was applied to the pooled sample
from all countries to test a model with 2 first-order factors. Table 2
shows the country-level and pooled sample CFA results, including
goodness-of-fit indices, factor loadings and factor correlations. This
measurement model showed good fit in each of the countries as well
as in the pooled sample (CFI¼0.964; TLI¼0.955; RMSEA¼0.005). In
general, Euro-D items loaded well on the hypothesized factors. The
factor correlationwas r¼0.66 in the overall sample and it ranged from
r¼0.55 in Peru to r¼0.77 in Cuba.

3.3. Multiple Indicators Multiple Causes (MIMIC) model

After adding the covariates, model fit declined but remained within
acceptable ranges and factor loadings remained strong and significant
(see Table 2 and Fig. 1). Modification indices suggested that model fit
could be improved by freely estimating certain direct effects between
the covariates and the indicators. We started by adding to the model
the direct path with the highest potential to improve model fit and
compared this model with the simpler model which contained no
direct paths. A step-wise forward procedurewas implemented until 10
direct paths between items and covariates were estimated (see
Table 3). Nine of the 10 direct paths indicated differences in response
behaviour across countries, the majority of which highlighted differ-
ences between Cuba and Peru. One direct path was related to gender,
with males being more likely to report “irritability” than females. Most
of the direct paths involved affective suffering items; only one direct
path involved a motivation item (i.e., concentration). DIFFTEST results
indicated a significant drop in χ2 for each additional direct path esti-
mated. The magnitude of all direct effects was small (see Table 3 for
standardized coefficients). We examined whether the estimation of
each direct path led to changes in the size of the estimate of group
differences in factor means. Specifically, we compared results of a
model with no direct paths with a model with 5 direct paths and a
model with 10 direct paths (see Table 4). The size of the estimates of
group differences in factor means remained largely (e.g., males versus
females) similar when estimating additional direct paths (see Table 4).
Furthermore, an almost perfect correlation was found between factor
scores derived before and after adding each direct path (e.g., adding
the direct path from the country covariate “Peru” to the item “pessi-
mism” resulted in a correlation of r¼1.000, Po0.0001 for affective
suffering, and r¼0.991, Po0.0001 for motivation). Taken together,



Table 1
Demographic characteristics, cognitive function, and Euro-D item responses by country and overall sample.

Cuba (n¼2358) DR (n¼1592) Peru (n¼1589) Venezuela
(n¼1638)

Mexico
(n¼1640)

Puerto Rico
(n¼1588)

Total (n¼10,405)

Female (%) 64.6 65.2 60.1 63.9 62.7 67.5 64.0
Age 74.3(6.7) 74.5(7.1) 74.1(7.0) 72.0(6.5) 73.6(6.2) 75.4(6.8) 74.0(6.8)
Verbal fluency 16.6(5.9) 13.8(4.7) 17.0(5.4) 18.3(6.4) 14.8(4.9) 14.2(4.3) 15.8(5.6)
Delayed recall 5.1(1.9) 4.2(1.9) 4.7(2.0) 5.1(2.1) 4.3(1.9) 4.4(2.0) 4.7(2.0)

Euro-D symptoms (%)
Depression 40 50 44 39 40 39 42
Pessimism 25 22 14 24 28 11 21
Wish death 14 14 8 8 13 8 11
Guilt 3 5 10 5 8 7 6
Sleep 34 39 22 35 27 23 30
Interest 8 17 10 9 6 3 9
Irritability 18 20 34 26 24 14 22
Appetite 9 19 11 10 13 9 12
Fatigue 17 35 33 30 28 20 26
Concentration 8 15 23 19 12 6 13
Enjoyment 8 18 7 6 5 2 8
Tearfulness 22 39 32 30 33 25 30

Total Euro-D 2.0(2.3) 2.9(2.6) 2.5(2.2) 2.4(2.3) 2.3(2.2) 1.7(2.0) 2.3(2.3)
Depression case Cut-off scoreZ4
(%)

22.6 36.4 27.3 26.3 26.0 16.3 25.6

Note: Means and standard deviations are presented unless otherwise stated.

Table 2
Factor loadings, factor correlation and fit indices by country (CFA) and overall sample (CFA and MIMIC).

Euro-D items Cuba
(n¼2357)

DR (n¼1592) Mexico
(n¼1640)

Venezuela
(n¼1638)

Puerto Rico
(n¼1588)

Peru
n¼1588

Overall sample
(N¼10,403)

Overall sample
(MIMIC) (N¼10,372)

Affective suffering
factor
Depression 0.98 0.88 0.94 0.97 0.97 0.92 0.93 0.93
Pessimism 0.73 0.54 0.60 0.51 0.76 0.61 0.62 0.64
Wishing death 0.78 0.76 0.62 0.61 0.71 0.68 0.71 0.71
Guilt 0.45 0.43 0.36 0.37 0.52 0.52 0.42 0.46
Sleep 0.55 0.62 0.52 0.57 0.53 0.55 0.56 0.56
Irritability 0.37 0.57 0.36 0.45 0.57 0.26 0.41 0.45
Appetite 0.58 0.51 0.40 0.42 0.48 0.50 0.50 0.49
Fatigue 0.66 0.61 0.53 0.52 0.52 0.47 0.57 0.58
Tearfulness 0.88 0.80 0.82 0.84 0.90 0.80 0.84 0.85

Motivation factor
Interest 0.95 0.91 0.73 0.92 0.90 0.95 0.93 0.93
Concentration 0.59 0.47 0.55 0.59 0.65 0.60 0.56 0.59
Enjoyment 0.94 0.93 0.80 0.99 0.95 0.93 0.95 0.96

Factor correlation 0.77 0.66 0.73 0.68 0.72 0.55 0.68 0.66

Model fit
χ2 (df) 378(53) 278(53) 251(52) 361(53) 250(53) 279(53) 1551(53) 3351(143)
RMSEA 0.051 0.052 0.048 0.060 0.048 0.052 0.052 0.047
(90% CI) (0.046–0.056) (0.046–0.058) (0.042–0.054) (0.054–0.065) (0.042–0.054) (0.046–

0.058)
(0.050–0.054) (0.045–0.048)

CFI 0.976 0.963 0.966 0.960 0.971 0.954 0.964 0.913
TLI 0.970 0.954 0.957 0.950 0.964 0.943 0.955 0.894
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these findings suggest that any bias due to differential item func-
tioning is minimal and that accounting for it has trivial consequences
on model results. Accordingly, although the estimation of additional
direct paths could have resulted in an additional improvement in
model fit, we decided to limit our final model to 10 direct paths.

The effects of the covariates on latent mean scores are pre-
sented as unstandardised and standardised coefficients in Table 4.
For the model with no direct paths, when examining country
differences in affective suffering levels, we found that Dominican
Republic, Peru, Venezuela and Mexico had significantly higher
scores than Cuba, while Puerto Rico had significantly lower scores
than Cuba. For motivation disturbance levels, we found that,
compared to Cuba, scores were significantly higher in Dominican
Republic, Peru and Venezuela, while they were significantly lower
in Mexico and Puerto Rico. Gender differences were also found,
with female participants having significantly higher levels of both



Fig. 1. Multiple Indicator Multiple Causes (MIMIC) model showing the impact of
background variables on the two factors, before adjusting for direct effects. Resi-
dual covariances are not shown in the model. For gender the reference group is
female; for country the reference group is Cuba.

1 β coefficients for age are presented per 10 years.
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affective suffering and motivation than male participants. The
magnitude of the gender differences was larger for affective suf-
fering (β¼�0.24) compared to motivation (β¼�0.09). Age did
not have a significant effect on either motivation or affective suf-
fering levels. Participants with higher levels of verbal fluency had
significantly lower affective suffering (β¼�0.06) and motivation
disturbance levels (β¼�0.14). Participants with higher levels of
delayed recall had lower levels on both affective suffering
(β¼�0.11) and motivation (β¼�0.10).

3.4. Sensitivity analysis

At the CFA stage modification indices suggested that model fit
could be improved by estimating several more parameters. How-
ever, given that our initial measurement model had a good fit, we
decided not to add additional parameters to the model. Our
decision was motivated by the rationale that simpler models are
more parsimonious and more likely to be replicated in different
datasets (Crowley and Fan, 1997). However, to check the robust-
ness of our conclusions, we performed a sensitivity analysis by
estimating additional parameters (e.g., correlating residuals
between “depression” and “tearfulness” items). This resulted in a
slight improvement in model fit but did not alter model results
regarding factor loadings, DIF effects, or the magnitude and
direction of group differences in factor means. Similarly, at the
MIMIC stage we decided to stop the step-wise forward estimation
after the first 10 direct paths were added to the model. This
decision was motivated by our findings suggesting a trivial impact
on model results despite a statistically significant improvement in
model fit.

Our results showed that age was not significantly related to
either affective suffering or motivation. However, previous studies
(Castro-Costa et al., 2007; Forsell et al., 1994) have suggested that
the effect of age on motivation may be confounded by cognitive
function levels. To test this hypothesis, we conducted post hoc
analyses where we eliminated cognitive variables from our MIMIC
model. When eliminating only the memory variable from the
model, the effect of age on both affective suffering (β¼0.03;
P¼0.80) and motivation (βo0.01; P¼0.98) remained non-
significant1. When eliminating only the verbal fluency variable,
the effect of age on both affective suffering (β¼�0.09; P¼0.43)
and motivation (β¼�0.05; P¼0.74) remained non-significant.
When eliminating both cognitive variables from the analysis, older
age was related to significantly higher levels of motivation dis-
turbance (β¼0.39; Po0.05) and affective suffering (β¼0.26;
Po0.05). Albeit statistically significant, the effect of age on Euro-D
factors was small and it should be noted that we did not correct for
multiple comparisons in our analyses. There is hence some sup-
port that cognitive function levels may confound the effects of age
on both affective suffering and motivation.
4. Discussion

Using data from population-based surveys our study adds
evidence for the construct validity of Euro-D in Latin American
countries, a world region that faces unprecedented rates of
demographic ageing and growing ageing-related health care costs
(Alzheimer’s Disease International, 2009). Hypotheses were tested
using an analytic strategy where the influence of any measure-
ment bias would have been adjusted for and where the ordinal
nature of item responses was appropriately accounted for.

We found support for previous findings that depression, as
measured by Euro-D, can be interpreted in terms of two domains:
affective suffering and motivation (Castro-Costa et al., 2007; Prince
et al., 1999a; Prince et al., 1999b). In contrast to the study by
(Castro-Costa et al., 2008) which suggested that the affective suf-
fering factor had stronger measurement invariance than the
motivation factor across European countries, our results indicate
that Latin American countries differ more in their response
behaviour to affective suffering items than motivation items.
Moreover, we found that males are more likely to report irritability
than females, in the absence of genuine gender differences in
affective suffering levels. However, measurement non-invariance
was not substantial. This conclusion was guided by findings of
weak direct effects, as well as almost perfect correlations between
factor scores derived before and after having added the direct
effects. Also, adjusting for direct effects did not alter our conclu-
sions about group differences in factor means. Taken together,
these findings suggest that Euro-D has good construct validity and
can be appropriately used for cross-cultural comparisons, as well
as across age groups, gender and levels of cognitive impairment.

Our findings regarding gender differences are in line with
previous studies that reported significantly higher levels of affec-
tive suffering in female compared to male participants (Castro-
Costa et al., 2007; Forsell et al., 1994; Prince et al., 1999a). Although
we also found that females had higher levels of motivation than
males, the magnitude of the gender difference was much larger for
affective suffering.

In contrast to previous studies that reported a significant
positive association between age and motivation, but not affective



Table 4
Impact of country, gender, age, verbal fluency and delayed recall on the affective suffering and motivation factors.

Model with no direct paths Model with 5 direct paths Model with 10 direct paths

Affective suffering B S.E. P-value β B S.E. P-value β B S.E. P-value β

Dominican Republic 0.283 0.037 o0.001 0.105 0.281 0.037 o0.001 0.103 0.225 0.037 o0.001 0.081
Peru 0.143 0.036 o0.001 0.053 0.401 0.037 o0.001 0.148 0.607 0.043 o0.001 0.220
Venezuela 0.144 0.036 o0.001 0.054 0.144 0.036 o0.001 0.054 0.077 0.037 o0.05 0.028
Mexico 0.132 0.036 o0.001 0.049 0.132 0.036 o0.001 0.049 0.132 0.036 o0.001 0.048
Puerto Rico �0.217 0.039 o0.001 �0.080 �0.216 0.039 o0.001 �0.079 �0.147 0.039 o0.001 �0.053
Gender �0.477 0.024 o0.001 �0.235 �0.509 0.024 o0.001 �0.250 �0.514 0.024 o0.001 �0.248
Age �0.030 0.002 0.124 �0.180 �0.030 0.002 0.119 �0.180 �0.030 0.002 0.115 �0.190
Verbal fluency �0.011 0.002 o0.001 �0.061 �0.011 0.002 o 0.001 �0.061 �0.011 0.002 o0.001 �0.060
Delayed recall �0.049 0.006 o0.001 �0.102 �0.049 0.006 o 0.001 �0.101 �0.049 0.006 o0.001 �0.100

Total variance explained 9% 11% 12%

Motivation B S.E. P-value β B S.E. P-value β B S.E. P-value β

Dominican Republic 0.397 0.047 o0.001 0.146 0.396 0.047 o0.001 0.146 0.396 0.047 o0.001 0.146
Peru 0.245 0.051 o0.001 0.090 0.031 0.054 0.570 0.011 0.031 0.054 0.570 0.011
Venezuela 0.196 0.051 o0.001 0.073 0.195 0.051 o0.001 0.073 0.018 0.055 0.746 0.007
Mexico �0.154 0.054 o0.01 �0.057 �0.155 0.054 o0.01 �0.058 �0.157 0.054 o0.01 �0.059
Puerto Rico �0.519 0.062 o0.001 �0.190 �0.520 0.063 o0.001 �0.191 �0.522 0.063 o0.001 �0.192
Gender �0.174 0.033 o0.001 �0.085 �0.174 0.033 o0.001 �0.086 �0.174 0.033 o0.001 �0.086
Age �0.040 0.002 0.131 �0.240 �0.040 0.002 0.131 �0.240 �0.040 0.002 0.131 �0.250
Verbal fluency �0.024 0.003 o0.001 �0.137 �0.024 0.003 o0.001 �0.137 �0.024 0.003 o0.001 �0.138
Delayed recall �0.055 0.008 o0.001 �0.111 �0.055 0.008 o0.001 �0.112 �0.055 0.008 o0.001 �0.112

Total variance explained 12% 11% 12%

Notes: For gender the reference group is female; for country the reference group is Cuba; B and β coefficients for age are presented per 10 years;
verbal fluency coefficients are presented per animal named; delayed recall coefficients are presented per word recalled.

Table 3
Alternative MIMIC models with direct effects between covariates and items estimated in a stepwise process (N¼10,372).

Model χ2 (df) Δχ2 (df) CFI TLI RMSEA (90% CI) B S.E. β

1 No direct effects 3351 (143) 0.913 0.894 0.047 (0.045–0.048)
2 þ Peru-Concentration 3229 (142) 155 0.916 0.897 0.046 (0.044–0.047) 0.672 0.055 0.231
3 þ Peru-Pessimism 3102 (141) 153 0.920 0.901 0.045 (0.044–0.046) �0.567 0.046 �0.197
4 þ Peru-Sleep 2972 (140) 120 0.923 0.905 0.044 (0.043–0.046) �0.532 0.043 �0.187
5 þ Peru-Wishing death 2873 (139) 105 0.926 0.907 0.044 (0.042–0.045) �0.594 0.055 �0.207
6 þ Male-Irritability 2769 (138) 104 0.929 0.910 0.043 (0.041–0.044) 0.297 0.029 0.141
7 þ Concentration-Venezuela 2679 (137) 110 0.931 0.912 0.042 (0.004–0.044) 0.577 0.057 0.198
8 þ Fatigue-Venezuela 2590 (136) 122 0.933 0.915 0.042 (0.040–0.043) 0.454 0.043 0.161
9 þ Pessimism-Puerto Rico 2495 (135) 158 0.936 0.918 0.041 (0.040–0.042) �0.510 0.046 �0.174

10 þ Depression-Peru 2403 (134) 86 0.938 0.920 0.040 (0.039–0.042) �0.496 0.040 �0.171
11 þ Fatigue-Dominican Republic 2334 (133) 63 0.940 0.922 0.040 (0.039–0.041) 0.398 0.043 0.138

Notes: Δχ2¼DIFFTEST; B¼unstandardised estimate; S.E.¼standard error; β¼standardised estimate;
All χ2,, Δχ2 and β values are significant at Po0.0001.
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suffering (Castro-Costa et al., 2007; Prince et al., 1999a), our
findings show that age was not a significant predictor of either
motivation or affective suffering. Of note, individuals with
dementia were excluded from our analysis, which was not possible
in the SHARE study analysis (Castro-Costa et al., 2007). Current
findings should be interpreted in the context where any age dif-
ferences in motivation and affective suffering levels have been
adjusted for the effect of cognitive function (as well as for the
effect of other covariates). When cognitive variables were exclu-
ded from our model, age became significantly related to both
affective suffering and motivation levels. This is in line with pre-
vious studies (Castro-Costa et al., 2007; Forsell et al., 1994) which
suggested that cognitive function levels may confound the effect of
age on depression dimensions.

Better performance on verbal fluency and delayed recall tasks
was significantly but weakly related to lower levels of both
affective suffering and motivation symptoms. However, in line
with findings by Castro-Costa et al. (2007), our study shows a
stronger relative magnitude of the association between verbal
fluency and motivation disturbance, compared to affective
suffering.
5. Limitations

In the current study we opted for MIMIC modelling because
this method allows for the concurrent investigation of the effect of
multiple variables, measured categorically or continuously, on the
factor model. Although MIMIC modelling is a robust method in the
detection of non-invariance at the level of factor means and
indicator intercepts, this method has its limitations. For instance,
MIMIC modelling can only detect group differences in item
thresholds (uniform DIF), but not group differences in item dis-
crimination (non-uniform DIF) (Woods et al., 2009). Thus, our
study assumed group differences in response behaviour that are
constant across levels of affective suffering or across levels of
motivation. Future investigation could explore whether incon-
sistencies in response behaviour occur at high/low levels of
affective suffering/motivation by using an alternative method:
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multi-group factor analysis. A second limitation is that our find-
ings are only relevant to general community-dwelling populations
without probable dementia. Further research is needed to examine
the generalisability of current findings to clinical populations.
Another limitation is that our conclusions were based only on two
measures of cognitive function (i.e. verbal fluency and delayed
recall). A wider set of cognitive tests would be needed for a more
comprehensive understanding of the differential associations
between cognitive function and depressive symptoms in the
elderly. Also, the question of whether there is a “depression
without sadness” syndrome in the elderly has to be addressed
beyond the cross-sectional context of the current investigation.
Last but not least, the question of what compositional factors
might be accounting for the variation in Euro-D scores and in the
prevalence of depression cases across countries remains unex-
plored in the present paper. This question is worth addressing in
future studies with a broader framework of variables that could
explain the differences in depressive symptoms across countries.
The primary aim of our paper was to investigate the validity of
Euro-D and to examine group differences in depression domains.
Our study has identified, to some extent, what is not contributing
to the difference in Euro-D scores and in the prevalence of
depression cases across countries (i.e. measurement bias/differ-
ential item functioning).
6. Conclusions

The current study extends previous investigations in several
ways. First, our findings add support for the cross-cultural validity
of Euro-D depression scale in Latin American countries. Second,
the present study provides support for previous findings that
Euro-D domains may be differentially associated with cognitive
function levels and demographic characteristics in older adults.
Greater severity of both affective suffering and motivation was
related to female gender and to higher impairment in verbal flu-
ency and memory. Gender differences were larger for the affective
suffering factor, whereas individual differences in verbal fluency
were more strongly associated with the motivation factor. Age was
unrelated to either depression domain when cognitive function
levels were controlled for. When cognitive function levels were
not adjusted for, older age was related to both affective suffering
and motivation disturbance. Third, we found that measurement
bias was minor and did not alter substantive conclusions about the
association of depression domains with demographic character-
istics and cognitive function levels.
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