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Abstract
Late-life depression is a condition that affects an ever-growing share of the popula-
tion in ageing societies. While depression prevalence varies across countries for a 
myriad of reasons, generational factors, expressed in the shared experience of birth 
cohorts, may also play a part in such differentials. This paper describes the presence 
of age, period, and cohort (APC) effects in late-life depression prevalence trends 
(for adults aged 50 and above) for selected countries in Europe, using the Survey of 
Health and Ageing and Retirement of Europe (SHARE). We analysed six countries 
during the 2004–2016 period: Denmark, Sweden, and Germany, with a lower base-
line prevalence, and Italy, Spain, and France, with a higher baseline prevalence. By 
applying a set of APC statistical models to visualise linear and nonlinear effects, we 
found that all countries followed a J-shaped curve when describing the transversal 
and longitudinal age trajectories of late-life depression. We also found a combina-
tion of nonlinear effects present in Germany, France and Sweden in males, indicat-
ing that younger male cohorts had a higher relative risk of depression. In females, 
we found nonlinear cohort effects, indicating that younger and older cohorts pre-
sented a higher risk of depression in Sweden and Germany and a lower risk in 
Spain. The presence of an increased risk for younger male cohorts may be indica-
tive of a new trend in some countries, which may reduce the sex gap in prevalence. 
Future analysis should focus on the causes and mechanisms that lead to differential 
risks across cohorts.
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1 Introduction

Depression is currently the second leading cause of years lived with disability 
worldwide (Ferrari et al., 2013) and it is expected to become the primary cause 
of disability around 2030, according to a set of projections made by the World 
Health Organization (2008). Thus, it is not surprising that depression, a non-
fatal disease, is gaining attention as a population health issue among research-
ers. In particular, late-life depression is an important public health problem due 
to its association with multiple negative health outcomes, including mortality 
(Blazer, 2005; Fiske etal., 2009; Horackova et al., 2019, Zhao et al., 2012) as well 
as overall poor quality of life, not only for the affected individuals but also for 
their partners and relatives (Pascual-Sáez et al., 2019). Understanding and analys-
ing late-life health outcomes are becoming critically important, especially in the 
twenty-first century where individuals increasingly live longer lives. Addressing 
negative health outcomes in the later stages of life is critical for a better under-
standing of how social security, health care provisions, pension systems, and 
other aspects of social policy should perform in a society.

Depression in adults and old-age adults can manifest in a variety of feelings 
and mood disorders. Sometimes it is the continuation of a disease recurrent along 
the previous life course, but it can also be a new onset condition, or a side effect 
of another illness and/or medication treatments (Aziz & Steffens, 2013). Further-
more, since it is harder to notice, it is harder to measure it appropriately (Gennaro 
et al., 2019).

Evidence suggests that depression prevalence tends to increase in the oldest 
ages (Aziz & Steffens, 2013; Bell, 2014; Dewey & Prince, 2005). There is a fair 
share of studies focussing on cross-national differentials in late-life depression 
in European countries (Aichberger et al., 2010; Dewey & Prince, 2005; Hansen 
et  al., 2017). These studies found a lower late-life depression prevalence in 
Northern European countries (like Denmark, Sweden, or Germany), and a higher 
prevalence in Southern Europe, especially in countries like Spain or Italy (Dewey 
& Prince, 2005; Van de Velde, Bracke, and Levecque, 2010; Aichberger et  al., 
2010; Horackova et al., 2019). The reasons for spatial inequalities in the preva-
lence of depression are not clear, but previous evidence suggests that structural 
socioeconomic and cultural factors may play a role (Cuadros et  al., 2019; Mat-
theys et al., 2016).

There may be several events in the life course that trigger depression, and such 
outcomes may be uniquely related to the particular experiences of certain indi-
viduals (Colman and Ataullahjan, 2010). Sometimes a group of individuals that 
share a common characteristic (the year of birth being the most common exam-
ple) is exposed singularly to a series of events during their life course, and such 
exposures may or may not affect them in similar ways. This notion underpins 
the use of cohort analysis in social research (Glenn, 2005; Ryder, 1965). Studies 
that address depression prevalence (or related aspects of mental health) embrac-
ing a cohort perspective are scarce, and most do not involve European countries 
(Keyes et al., 2014; Lavori et al., 1987; Wickramaratne et al., 1989). Bell (2014) 
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analysed mental well-being across a group of cohorts in the United Kingdom, 
finding curved mental health age trajectories in late life, with a steep increase 
in the last years of life, and a relative deterioration of the mental well-being of 
the younger cohorts when compared to the older ones. Moreover, he found that 
gender and marital status were strongly related to mental health, with females 
and non-married individuals presenting the worst outcomes. Spiers et al. (2011) 
conducted study with similar goals in England, but did not find differences in the 
prevalence of mental disorders across English cohorts.

Furthermore, there is evidence suggesting that periods of abrupt financial diffi-
culties and other stresses may cause spikes in negative mental health outcomes of 
the affected populations (Frasquilho et al., 2016; Riumallo-Herl et al., 2014; Thom-
son et al., 2018). This is not surprising, considering that inequalities in health are 
socially based (Marmot, 2005) and mental health is no exception (Fryers et  al., 
2003). It should be noted that not all inequalities in mental health are the result of 
a specific event, but rather are strongly associated with structural factors. Socio-
economic status, living standards, social interactions, marriage status, and other 
dynamic aspects influence mental health outcomes (Bell, 2014; Fryers et al., 2003). 
Furthermore, not all individuals of a given group are evenly likely to be affected by 
a particular event: mental health and late-life depression is an exemplary case of a 
phenomenon that affects more females than males, for instance (Aziz & Steffens, 
2013; Blazer, 2005).

Analysing trends over different periods in late-life depression, and differentials 
across countries by age and sex (as well as the specific factors underlying such dif-
ferences) is critical to understand better this particular condition. Researchers dis-
entangle such trends over time into three types of effects: age effects, period effects, 
and cohort effects. Age is arguably the most well-known of the three, and it refers 
to effects that are the consequence of the unavoidable ageing process of individuals 
in a certain population. Period effects are defined as the secular trends on a given 
phenomenon that occur across all age groups in a particular moment (Keyes et al., 
2014). The third dimension, cohort effects, corresponds to changes across groups of 
individuals who share a certain characteristic (usually, individuals that come from 
the same birth cohort) which experience certain events or exposures across their life 
course together from a chronological point of view (Hobcraft et  al., 1982; Ryder, 
1965; Yang & Land, 2013).

Approaches that try to decompose age, period, and cohort effects separately are 
known as Age-Period-Cohort (APC) models (Acosta & Van Raalte, 2019; Holford, 
1992; Keyes et al., 2014; Yang & Land, 2013). These models constitute a descrip-
tive tool that is particularly useful to analyse trends over time of certain phenomena, 
that may (or may not) present changes across certain birth cohorts.

2  Research Objective

This study intended to disentangle age, period, and cohort effects in late-life depres-
sion prevalence in selected European countries, separately by sex.
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3  Data and Method

3.1  Data Source and Definitions

The main data source used for this study was the Survey of Health, Ageing and 
Retirement in Europe (SHARE). SHARE is a multiple-wave panel study that follows 
cohorts of non-institutionalised respondents aged 50 and over in several European 
countries from 2004 onwards. Successive waves were collected in 2007, 2011, 2013, 
2015, and 2017 (and one special retrospective survey, also known as SHARELIFE, 
in 2009). The first wave started collecting data from twelve countries: Germany, 
the Netherlands, Switzerland, Austria, Sweden, Denmark, Spain, France, Italy, Bel-
gium, Greece, and Israel. During the following waves, more countries were added to 
the survey, more than doubling the initial group. Each wave is considered to be rep-
resentative of the population of the surveyed countries (Börsch-Supan, 2019; Berg-
mann et al., 2019). The survey provides information about the physical and mental 
health of the respondents (both at a household and individual level), among other 
detailed aspects of their sociodemographic characteristics (educational attainment, 
wealth, social support among others) and overall well-being.

3.2  Dependent Variable

Late-life depression prevalence is the main dependent variable of this study. SHARE 
utilises the 12-item EURO-D scale, which has been validated in other studies (Prince 
et  al. 1999; Guerra et  al., 2015). We followed the criterion established by Dewey 
and Prince (2005) to define clinically significant depression, also discussed and vali-
dated within the aforementioned previous studies (Prince et al. 1999; Guerra et al., 
2015). According to this criterion, a EURO-D score of 4 or higher (from a scale 
of 12 non-weighted items, with every item presenting a value of 1, which results 
in a score ranging from 0 to 12), means that the respondent “would be likely to be 
diagnosed as suffering from a depressive disorder, for which therapeutic interven-
tion would be indicated” (p. 109). Therefore, we defined late-life depression based 
on individuals aged 50  years and above that reported scores equal or higher than 
the defined threshold value. We considered only cases that offered a response to the 
depression scale in the survey as valid.

3.3  Country Selection And Treatment Of The Data

The small sample size forced us to make some assumptions and decisions regarding 
the composition of the population in terms of ages and cohorts (and the countries 
deemed as suitable for the analysis). Seven SHARE waves were collected during the 
2004–2017 period. However, the SHARELIFE survey, corresponding to Wave 3 in 
2009, did not involve reports on depression prevalence.

Considering the a priori unequal period timespans of the collected waves, we 
found a four-age group distribution suitable for this study. The range of those nine 
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four-age groups varies from ages 50 to 53 (age 52 being the mean year for that 
group) to age 82 and over as the last open-ended group. To make intervals better 
suited for APC analysis, we opted to merge waves 4 and 5 to the midpoint (2012), 
and also did the same for waves 6 and 7 (midpoint of 2016). Therefore, we consid-
ered the results for the midpoint as the average of the results of the merged periods, 
which we believe is a reasonable assumption. We also made another strong assump-
tion, namely that the prevalence for the year 2007 (corresponding to Wave 2) was 
similar to that for 2008. This made it possible to present four observations with 
similar intervals: 2004, 2008, 2012, 2016 (removing the corresponding cases that 
were present in both waves to avoid duplication of effects), allowing us to recreate 
“pseudo”-cohorts with that particular allocation of waves. Given that depression is 
a phenomenon that is persistent in some cohorts (Bell, 2014), and that variations in 
prevalence from 1 year to another are modest, we believe that these assumptions are 
reasonable, and should not affect the results in any major way.

As a result, the selected cohorts encompass those who were born between 1920 
and 1964. A small set of countries participated in all of the SHARE survey waves 
and reported questions about depression prevalence, limiting the potential for fol-
low-up studies. Three of those countries presented a lower depression prevalence 
by age in the first wave (Denmark, Sweden, and Germany), and the remaining three 
presented higher depression prevalence in that very same wave (Italy, Spain, and 
France). Figure 1 presents the age-specific rates for the baseline period (2004) for 

Fig. 1  Age-Specific Prevalence of Depression by Country and Region in 2004. (Author’s calculations 
based on SHARE-ERIC)
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countries belonging to each group, expressed in “North” and “South” regions, with 
the former showing a lower age-specific prevalence.

Given that we did not know beforehand if trends differed within countries of the 
same region, we modelled effects at an individual country-level instead of adapt-
ing a hierarchical modelling approach. Therefore, we analysed 432 age-period 
interactions (nine age groups, two macro-regions and four periods, separately by 
the two sexes). The total sample size for all countries and periods was 125,791 per-
sons: 56,999 males and 68,792 females: more details can be found in Table 2 in the 
appendix. The resulting age-period-cohort tabulation is also present in the Appendix 
in the Table 3.

3.4  Analytical APC Strategy

First, we performed an exploratory analysis, involving a series of techniques (age-
standardised rates, two-dimensional plots, analysis of deviance) to determine if the 
APC modelling strategy was helpful for our research purposes. For practical rea-
sons, we presented in the main text only the age-standardised prevalence by country 
(using the overall sum of the exposure considering both males and females of the 
six countries, by four-age groups, in the 2004 wave as the reference population. This 
reference population is also shown in the appendix in Table 4); the contribution of 
the linear and nonlinear effects to deviance reduction (when compared to an age 
model); and the point estimates for the drift (the maximum likelihood estimates of 
the drift) and the age-drift model. The two-dimensional age-by-period, period-by-
age, age-by-cohort and cohort-by-age plots can be found in the appendix (Figs. 8, 8, 
10, 11). Each of these figures was produced with the ggplot2 package developed for 
R software (Wickham, 2016).

APC models have some inherent limitations, the most important being the lin-
ear identification problem. This refers to the impossibility of separating the Age, 
Period, and Cohort effects from a mathematical point of view (Acosta & van Raalte, 
2019; Bell, 2014; Carstensen, 2007; Holford, 1992; Nielsen & Nielsen, 2014; Yang 
& Land, 2013), since the three dimensions are perfectly collinear. As we already 
know: Age is the equivalent of Period minus Cohort, Period equals Age plus Cohort, 
and Cohort equals Period minus Age. As a result, any linear model that presents the 
three dimensions as explanatory variables would offer an infinite number of possi-
ble solutions. A series of possible approaches to deal with (but not solve) the linear 
identification problem has been developed. An overview of some of the most com-
monly used methods is provided in Yang and Land (2013) and Fosse and Winship 
(2019), and further comments about alternative graphical methods can be found in 
Acosta and van Raalte (2019).

One well-known alternative involves constraining one of the period/cohort 
dimensions (Carstensen, 2007; Clayton & Schifflers, 1987; Holford, 1992), and 
assigning the linear trend (also known as drift) to the other one to produce a 
unique set of estimable functions for the three effects. The constrained dimen-
sion would have a zero slope and a zero average as well, being stripped of its 
linear trend. This “detrended” dimension would be expressed in the form of 
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rate-ratio residuals, as an interaction of the remaining two dimensions (Chauvel 
& Schröder, 2014). Such a result would indicate the presence of nonlinear, sec-
ond-order effects that are identifiable, independently of the chosen parameterisa-
tion (let it be cohort-based or period-based), referred to as the average trend of 
the chosen dimension. The dimension that carries the drift would be represented 
in terms of the relative risk to a reference value (and an arbitrarily chosen cohort/
period), and the remaining dimension would be expressed in terms of log-rates 
(most likely the age dimension, because it tends to be the strongest dimension for 
explaining variation of a given phenomenon).

In other words, in this approach, the APC effects are treated as nonlinear esti-
mable functions of (a), h(c), and g(p) respectively, along with the aforementioned 
linear drift, which is flexible based on the chosen parameterisation. However, it 
must be noted that two different parameterisations will not produce two identical 
models (Carstensen, 2007; Clayton & Schifflers, 1987). If a cohort-based param-
eterisation is chosen, log-rates for the age dimension will be expressed in terms 
of the reference cohort in the model (also known as longitudinal age effects). If a 
period-based parameterisation is chosen, log-rates for the age dimension will be 
expressed based on the reference period (transversal age effects). Therefore, while 
probably similar, age effects differ slightly with this strategy. The linear drift and 
nonlinear cohort and period effects remain unchanged with this approach.

Both parameterisations (period-based and cohort-based, respectively) could be 
expressed as:

1. ln(d(a, p)) = rpe(a) + �
(

p − p0
)

+ g(p) + h(c)

2. ln(d(a, c)) = rco(a) + �
(

c − c0
)

+ g(p) + h(c)

 where  rpe(a)  are the age-specific prevalence rates in the reference 
period r0and rco(a) are the age-specific prevalence rates in the reference cohort c0; 
δ represents the linear drift; h(c)  is the cohort function, and g(p)  is the remaining 
period function. In the first equation, the sum of period effects is interpretable as the 
log relative risk to the period of reference p0, and in the second equation, the sum 
of cohort effects is interpretable as the log relative risk to the cohort of reference  c0.

When analysing mental health trends, some authors argue that we can make 
strong assumptions about which dimension gets the linear trend with the proper 
theoretical foundation (Bell, 2014; Spiers et al., 2011). Those assumptions sug-
gest that it is unlikely that we can expect a continuous linear period trend affect-
ing all age groups, apart from some specific valleys or peaks in certain contexts 
(like the last European recession, for instance). As a result, changes in prevalence 
of mental disorders over time are more likely to be explained by cohort effects, 
manifested in the lingering experiences of individuals during their life course 
(Bell, 2014). However, since it is not possible mathematically to confirm such 
assumption, we cannot assume that period linear trends should be non-existent in 
this case. Therefore, we decided to take advantage of this flexibility and present 
two different parameterisations to interpret the results, noting that other research-
ers have relied on the same strategy previously (Dobson et al., 2020).
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The “Epi” package was developed in R software (Carstensen et  al., 2019) 
to analyse APC trends (among many other possible uses) and we used it to visu-
alise the effects of each separate dimension of Age, Cohort, and Period for the 
selected regions. Furthermore, as mentioned by Acosta and van Raalte (2019), the 
Detrended-APC model allows the researcher to compare effects across different pop-
ulations easily, and also works well with relatively sparse data (Dobson et al., 2020).

While we discussed briefly the general aspects of APC modelling, other techni-
cal details are worth mentioning about this particular study. The apc.fit command 
of the Epi package allows the user to choose a series of options for fitting the data. 
We opted for the natural cubic splines fitting, which offers an easier visualisation 
of rates when compared to three-factor linear models (Carstensen, 2007). We have 
chosen the naïve weights for the inner product in matrix multiplication for extract-
ing the drift, and three knots in the period dimension instead of the standard five 
knots used for the other dimensions for fitting the cubic splines (because the stand-
ard value would probably result in overfitting, given the scarcity of data in that par-
ticular dimension). Finally, given that in this approach the three dimensions are con-
sidered as continuous variables, we chose the 2004 period (for the period-based or 
APC model, following notation present in the Epi package) and 1944 cohort (for the 
cohort-based or ACP model) as the reference points for the models.

As a side note, while the chosen strategy does not “solve” the linear dependency 
problem (and neither does it claim to), we acknowledge that bias that may result 
from the chosen parameterisation is a consequence of the assumptions made by the 
researchers.

4  Results

4.1  Age‑Standardized Prevalence

Figure  6 shows the Age-Standardised Prevalence of depression prevalence in 
the selected countries by sex, for the population aged 50 and above during the 
2004–2016 period. As expected, age-standardised Prevalence was higher for females 
than males, and higher for the countries in the South group when compared with the 
North group. While Denmark, Sweden, and France showed very modest changes in 
the age-standardised prevalence, Germany presented an increase in prevalence for 
both sexes. The prevalence in Spain declined across the analysed period, notably 
more for females than for males, where the improvement was more modest. Italy 
also presented an improvement over the 2004–16 period, but this was more modest 
in comparison to Spain.

Additional results presented in the appendix (figures from 8, 9, 10, 11, indicating 
a series of two-dimensional, exploratory plots between age-period and cohort inter-
actions) were suggestive of the presence of some parallel lines (which could indicate 
the existence of linear effects, particularly in the South group). However, some were 
overlapping as well, which could indicate a variety of nonlinear effects, specifically 
for younger cohorts.
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4.2  Contribution To Deviance Reduction In Models

Figure 3 shows the average contribution to the deviance reduction between a one 
factor age model and the remaining models, separating between drift (the linear 
component that can be attributed to cohort or period) and nonlinear effects of period 
(AP model) and cohort (corresponding to full APC models in this case). Additional 
information, such as the model deviance and the p-value results can be found in 
Table 4 in the Appendix. It should be noted that both the value of the contribution 
and the p-value (likelihood ratio test) depend on the degrees of freedom in the mod-
els, and while it is useful to identify the average deviance, it tells us more about the 
chosen tabulation rather than the model adequacy (Carstensen, 2007). To comple-
ment this figure, we also presented the point estimates to the drift and, the age-drift 
model, as shown in Table 1.

In those countries with slight to no variation in age-standardised depression prev-
alence over time. the contribution of drift to the reduction of deviance was relatively 
small. as expected. Germany and Spain, however, do present linear trends worth not-
ing, as expressed both in the relative contribution of the drift in Fig. 7 and in the 
ML-estimates. For Germany, the long-term trend indicates an increase in prevalence 
(expressed in the ratio above 1), and in Spain a strong improvement (lower preva-
lence). While it is possible to argue that for females in Italy there might be a small 
drift indicating long-term improvement, the confidence intervals of the estimate do 
not support this conclusion. While the contribution of nonlinear cohort effects was 

Fig. 2  Age-standardised depression prevalence by country (author’s calculations based on SHARE-
ERIC)
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larger than the period in all cases (which could be attributed to the fact that there are 
more cohorts than periods in the analyses), this does not indicate per se the presence 
of cohort effects that are visible in an APC model (partly because contributions are 

Fig. 3  Contribution to deviance reduction between Age and APC models in selected countries. (author’s 
calculations based on SHARE-ERIC)

Table 1  ML Estimates of Drift and Age-Drift models in selected countries (author´s calculations based 
on SHARE-ERIC)

Country Sex Females Males

Component Estimate 2.5% 97.50% Estimate 2.5% 97.50%

Denmark Drift 1.006 0.993 1.019 0.992 0.974 1.011
AD 1.006 0.994 1.018 0.992 0.975 1.008

Sweden Drift 0.999 0.989 1.010 1.002 0.986 1.019
AD 0.997 0.987 1.006 1.011 0.996 1.026

Germany Drift 1.019 1.009 1.028 1.037 1.022 1.051
AD 1.021 1.012 1.030 1.031 1.018 1.045

Italy Drift 0.993 0.986 1.000 0.994 0.983 1.004
AD 0.993 0.986 1.000 0.992 0.982 1.002

Spain Drift 0.971 0.963 0.978 0.975 0.962 0.988
AD 0.974 0.967 0.980 0.977 0.965 0.988

France Drift 1.000 0.992 1.008 1.002 0.991 1.014
AD 1.000 0.993 1.007 1.009 0.998 1.019
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expressed in relative terms, and partly because of the arguably high values in the 
likelihood ratio tests).

4.3  Visualisation Of Age, Period, And Cohort Effects

Figures 8 and 5 describe the effects of the APC (period-based) and ACP (cohort-
based) models in the selected countries for males, respectively. Age effects in both 
scenarios presented a J-shaped pattern, with a steep increase in prevalence nearing 
age 70 (and in some cases, a slight drop in prevalence right before that age, with the 
degree of concavity varying by country). The sole exception is Germany, where the 
age effects for the cohort-major model were much steeper than for the period model, 
where they remained more or less stable. Two countries did not seem to present any 
deviation from the average trend in terms of period and cohort effects: Denmark 
and Italy. In Sweden and France, we identified some nonlinear cohort effects indica-
tint that the younger cohorts and some of the older cohorts presented a relative risk 
above the average trend. In the alternative parameterisation (incorporating the linear 
drift in the cohort dimension), we can observe that the younger cohorts present a 
higher relative risk when compared to the reference cohort. We also found nonlin-
ear cohort effects in Germany, indicating a higher relative risk for the younger and 
older cohorts, and that the period dimension (which incorporates the linear trend in 
this case) presented a steep increase in relative risk when compare to the reference 

Fig. 4  Age, Period and Cohort effects of Depression Prevalence in selected countries, Males -APC 
Model (author’s calculations based on SHARE-ERIC)
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period (Fig. 4). In the cohort-major parameterisation, subsequent younger cohorts 
presented a much higher risk than the reference point (but the older cohorts did not 
present a higher risk when compared to the 1944 reference cohort). We also detected 
nonlinear period effects, with the highest risk found in the 2012 period. For Spain, 
another country with a strong drift, we failed to identify clear nonlinear effects in 
both parameterisations (in the case of nonlinear cohort effects, this was partly due to 
the wide confidence intervals), while the dimension that had the linear trend incor-
porated presented a strong improvement in each parameterisation.

Figures 6 and 7 describe the Age, Period, and Cohort effects for females. Just like 
the previous case, age trajectories show a similar = shape for both parameterisations, 
but with a higher intensity when compared to males.

Denmark, Italy, and France did not present any identifiable significant effects. In 
the case of Sweden, there were some nonlinear cohort effects present in the older 
and particularly in the younger cohorts that suggest a higher relative risk when com-
pared to the cohorts born near 1940 (with the lowest relative risk). In the alternative 
ACP parameterisation, we did not obtain any clear difference in risk when compared 
to the reference cohort (1944). In Germany, in the APC model we found that cohorts 
born between 1944 and 1952 presented a relative risk lower than the average trend, 
and cohorts born near 1930 and 1960 had a relative risk above the trend, while in 
the period dimension there was a sustained increase in prevalence over time. The 
alternative ACP parameterisation, indicates that most cohorts born after 1944 had 
a relative risk higher than the chosen reference, while this was not entirely clear for 
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Fig. 6  Age, Period and Cohort effects of Depression Prevalence in selected countries, Females -APC 
Model (author’s calculations based on SHARE-ERIC)

Fig. 7  Age, Period and Cohort effects of Depression Prevalence in selected countries, Females -ACP 
Model (author’s calculations based on SHARE-ERIC)
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those born before. Unlike for males, nonlinear period effects were not as evident in 
this case. For Spain, nonlinear cohort effects could be identified in the oldest and 
youngest cohorts, which showed values below the average trend, along with a strong 
improvement in the period dimension, when compared to 2004. In the alternative 
parameterisation, nonlinear period effects were absent and the cohort dimension that 
had the drift indicated a strong decline in the relative risk for those born after 1944, 
and a higher relative risk for those cohorts born before.

5  Discussion

5.1  Conclusions

Our findings suggest that in some cases the prevalence of depression remained sta-
ble over time (indicating an absence of any period or cohort effects), while in oth-
ers, we found a combination of linear and nonlinear effects that could represent the 
beginning of new trends.

Age effects appeared to be similar across countries and by sex, with a curve 
pattern, with small differences observed for transversal and longitudinal trajec-
tories in general, and an important increase in depression prevalence after age 70. 
The decrease in depression prevalence between ages 60 and 70 may be consistent 
with previous literature that indicates that retirement is beneficial for mental health 
(Fernández-Niño et al., 2018; Oksanen et al., 2011), and the increase at older ages 
may be related to the ageing process of the body and its consequent deterioration, 
as well as to greater social isolation experienced at older compared to younger ages. 
However, the models do not tell us anything about the transition to the retirement 
of the analysed population or their later life activities, so any indications that retire-
ment could be the cause of any concavities are purely speculative.

In regards to the period and cohort dimensions, the presence of effects was some-
what more noticeable in males than females: we found linear and/or nonlinear effects 
in four of the six chosen countries. In Germany, Sweden and France, we identified 
nonlinear cohort effects, manifested in an increase of the relative risk of depression 
in the younger birth cohorts. Germany is arguably the more complex case: apart 
from those nonlinear cohort effects, it also presented nonlinear period effects and 
a strong linear trend indicating an increase of the relative risk over time. Spain, on 
the contrary, presented a strong drift that indicated a sustained improvement but we 
were unable to find any nonlinear effects in males. Although the true extent of the 
effects may not be fully identifiable, we found that cohorts may be partly responsible 
for the ongoing trend in the first three countries. In the case of females, while overall 
prevalence was higher than for males (for all age groups), only in three countries did 
we find effects worth commenting on: Sweden and Germany, that presented a vari-
ety of nonlinear cohort effects affecting mostly the younger and older cohorts (only 
the former for Sweden), and Spain, where the opposite occurred. Just it was the case 
for males, both Germany and Spain also presented a strong linear trend in the same 



237

1 3

An Age‑Period‑Cohort Approach to Analyse Late‑Life Depression…

directions as before. However, the case of Spanish females is a reminder that while 
nonlinear cohort effects are fully identifiable and have a unique solution, the com-
plete interpretation of relative risks across cohorts may demand further analysis: the 
older cohorts have a lower relative risk when compared to the 1944 cohort when 
considering a period-major parameterisation, but, if we put the strong linear trend 
in the cohort dimension, the model indicates that those older cohorts have a higher 
relative risk than the 1944 cohort, which is the reference for that model. Therefore, 
while is not clear what happens with the older Spanish cohorts in terms of relative 
risk, the younger cohorts present a simpler interpretation: in both parameterisations 
the younger cohorts have a relative risk below the cohort that was used as a reference 
in the ACP model. The opposite stands for Germany: here there is a clear increase in 
relative risk in younger female cohorts (when compared to the 1944 cohort). There-
fore, we can affirm that, for females, some of the improvement in Spain and the 
increased risk in Germany is driven (at least partly) by cohort factors.

While it is possible to predict future rates with an APC framework (Carstensen, 
2007) and the Epi package offers such possibility, given that the period trend is rela-
tively short and the confidence intervals are wide, we decided to not present a poten-
tially unreliable estimate. However, since younger birth cohorts present a relative 
risk above the average cohort trend in some countries, it would be reasonable to 
expect an increase in prevalence in the future if such effects persist, particularly for 
males, as it was the case for three countries. As a result, the sex gap in prevalence 
may be smaller in such cases.

5.2  Possible Limitations

This study has some shortcomings. First, “mental health” is a dynamic concept 
(Bell, 2014). While Depression could be chronic and a permanent feature in the life 
of an individual, sometimes it may be only temporary as well. Moreover, the EURO-
D scale, despite being validated, has the same limitations as most other scales: they 
have to rely on the honesty and the accuracy of the respondent’s reporting. Moreo-
ver, the interpretation and reporting of depression may differ country due to cultural 
differences. However, given that other scales have been used before with similar 
findings, is unlikely that differences could be attributed to cultural interpretations of 
the question. In addition, the decision to merge survey waves to produce APC mod-
els may result in a degree of bias because of this arbitrary decision.

There is also the question of coverage: while some authors have observed an 
East–West gap in late-life depression prevalence (Hansen et al., 2017) since no east-
ern European countries took part in all of the waves of SHARE, we could only focus 
on the South and North regions for this analysis. Most importantly, while it is clear 
that prevalence trends are different across countries, the reasons why those trends 
and variations occur are still unclear, and the relative risks shown in the models may 
not persist across the same cohorts over time (Acosta & van Raalte, 2019; Chauvel 
et al., 2016).
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5.3  Final Comments

Despite such limitations, this study tried to visualise trends in the late-life preva-
lence of depression across some countries in Europe, by modelling age, period, and 
cohort effects (with a set of models with flexible parameterisations) and found that 
younger male cohorts in three of the six analysed countries and younger female 
cohorts in two of those countries presented a higher relative risk than the aver-
age trend (and in one case younger female cohorts presented a lower relative risk), 
confirming that late-life depression has, in some cases, a generational component. 
Hence, it is expected that future studies in regards to late-life depression would con-
sider the differential experiences lived by birth cohorts as a factor of inequalities in 
health. However, the role of space (as a summary of existing and previous social, 
political and economic conditions and processes) is not clear in regards to depres-
sion. Although in the baseline age-specific prevalence we could find two possible 
patterns of depression intensity, countries presented diverging trends and effects 
over time, independently of the region. The strong, opposite trends presented for 
Spain and Germany are also worth monitoring in further analyses, focussing on the 
reasons for such a divergence, that may be related to social structures in each coun-
try. The same can also be said for the increased risks in the younger Swedish and 
French birth cohorts. Finally, in light of the COVID-19 pandemic, there is the pos-
sibility that future late-life depression trends may shift dramatically. This is worthy 
of future monitoring.

Appendix

See Figures 8, 9, 10 and 11 and Tables 2, 3, 4 and 5.
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Table 2  Reported cases by sex 
and country during the 2004–16 
period (author’s calculations 
based on SHARE-ERIC)

Country Period Males Females

Denmark 2004 728 837
2008 1143 1338
2012 2856 3295
2016 3104 3570

Sweden 2004 1378 1551
2008 1973 2276
2012 2944 3398
2016 2458 3062

Germany 2004 1344 1521
2008 1884 2161
2012 3378 3699
2016 3070 3609

Italy 2004 1108 1355
2008 2120 2476
2012 3611 4326
2016 3614 4598

Spain 2004 929 1260
2008 1634 1977
2012 4440 5210
2016 3334 4269

France 2004 1227 1541
2008 1882 2428
2012 4197 5511
2016 2643 3524

Total 2004–2016 56,999 68,792

Table 3  Age-Period-Cohort 
tabulation in middle points

MidYear 2004 2008 2012 2016

Age groups Midpoint Birth Cohort (Mid Point)
50–53 52 1952 1956 1960 1964
54–57 56 1948 1952 1956 1960
58–61 60 1944 1948 1952 1956
62–65 64 1940 1944 1948 1952
66–69 68 1936 1940 1944 1948
70–73 72 1932 1936 1940 1944
74–77 76 1928 1932 1936 1940
78–81 80 1924 1928 1932 1936
82 + 84 1920 1924 1928 1932
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Table 4  Population of 
reference and weights (author’s 
calculations based on SHARE-
ERIC)

Age groups MidYear Exposure Weight

50–53 52 2086 0.1411462
54–57 56 2232 0.1510251
58–61 60 2139 0.1447324
62–65 64 1981 0.1340416
66–69 68 1781 0.1205088
70–73 72 1520 0.1028486
74–77 76 1196 0.0809256
78–81 80 930 0.0629271
82 + 84 914 0.0618445

Table 5  Model deviance and contribution to the deviance reductions of linear and nonlinear effects in 
selected countries (author’s calculations based on SHARE-ERIC)

Country Sex Females Males

Component Model devi-
ance

Contribution 
compared to 
age (%)

P-Value Model devi-
ance

Contribution 
compared to 
age (%)

P-Value

Denmark Age 37.19 0.00 NA 16.03 0.00 NA
AD 36.22 26.22  > 0.10 15.05 27.30  > 0.10
AP 35.22 27.03  > 0.10 15.03 0.56  > 0.10
APC 33.49 46.76  > 0.10 12.44 72.14  > 0.10

Sweden Age 32.64 0.00 NA 45.33 0.00 NA
AD 32.16 6.85  > 0.10 43.38 14.41  > 0.10
AP 32.08 1.14  < 0.10 43.19 1.40  < 0.01
APC 25.63 92.01  < 0.10 31.8 84.18  < 0.01

Germany Age 76.58 0.00 NA 66.47 0.00 NA
AD 55.53 52.39  < 0.01 43.69 56.03  < 0.01
AP 51.95 8.91  < 0.01 34.75 21.99  < 0.05
APC 36.4 38.70  < 0.01 25.81 21.99  < 0.05

Italy Age 17.81 0.00 NA 23.4 0.00 NA
AD 13.49 75.66  < 0.05 20.92 33.51  > 0.10
AP 12.35 19.96  > 0.10 20.3 8.38  > 0.10
APC 12.1 4.38  > 0.10 16 58.11  > 0.10

Spain Age 84.17 0.00 NA 63.76 0.00 NA
AD 31.02 83.22  < 0.01 48.73 67.95  < 0.01
AP 30.53 0.77  < 0.05 48.05 3.07  < 0.10
APC 20.3 16.02  < 0.05 41.64 28.98  < 0.10

France Age 27.07 0.00 NA 49.14 0.00 NA
AD 27.07 0.00  > 0.10 46.67 16.36  > 0.10
AP 26.57 40.65  > 0.10 46.41 1.72  < 0.01
APC 25.84 59.35  > 0.10 34.04 81.92  < 0.01
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