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Abstract

Background. Studying secular trends in the exposure to risk and protective factors of depres-
sion and whether these trends are associated with secular trends in the prevalence of depres-
sion is important to estimate future healthcare demands and to identify targets for prevention.
Methods. Three birth cohorts of 55–64-year olds from the population-based Longitudinal
Aging Study Amsterdam were examined using identical methods in 1992 (n = 944), 2002
(n = 964) and 2012 (n = 957). A two-stage screening design was used to identify subthreshold
depression (SUBD) and major depressive disorder (MDD). Multinomial logistic regression
analyses were used to identify secular trends in depression prevalence and to identify factors
from the biopsychosocial domains of functioning that were associated with these trends.
Results. Compared with 1992, MDD became more prevalent in 2002 (OR 1.90, 95% CI 1.10–
3.28, p = 0.022) and 2012 (OR 1.80, 95% CI 1.03–3.14, p = 0.039). This was largely attributable
to an increase in the prevalence of chronic diseases and functional limitations. Socioeconomic
and psychosocial improvements, including an increase in labor market participation, social
support and mastery, hampered MDD rates to rise more and were also associated with a
32% decline of SUBD-rates in 2012 as compared with 2002 (OR 0.68, 95% CI 0.48–0.96, p
= 0.03).
Conclusions. Among late middle-aged adults, there is a substantial net increase of MDD,
which is associated with deteriorating physical health. If morbidity and disability continue
to increase, a further expansion of MDD rates may be expected. Improving socioeconomic
and psychosocial conditions may benefit public health, as these factors were protective against
a higher prevalence of both MDD and SUBD.

Introduction

The distribution of risk and protective factors for disease in the population changes over time.
Studying secular trends in exposure to risk and protective factors and their role in observed
disease trends may improve the understanding of major causes of disease burden (Lopez
et al. 2006). It has been well established, for example, that the prevalence of cardiovascular
disease (CVD) has declined in recent decades and that this decline can be attributed to a
lower exposure to risk factors such as smoking, hypercholesterolemia and high blood pressure
(Gregg et al. 2005; Lopez et al. 2006). Conversely, the prevalence of diabetes mellitus has
increased, which has been attributed to an increased exposure to risk factors such as obesity
and sedentary lifestyle (Flegal et al. 2010; Geiss et al. 2014). Since major depressive disorder
(MDD) is the second leading cause of years lost to disability (YLD) worldwide (Vos et al.
2012), studying secular trends in depression prevalence is of great importance to estimate
future healthcare demands and to identify targets for prevention.

Although the majority of available studies suggest that MDD rates have increased in the last
few decades (Wickramaratne et al. 1989; Joyce et al. 1990; Weissman, 1992; Fombonne, 1994;
Compton et al. 2006; Eaton et al. 2007); other studies have shown contrasting results (Srole &
Fischer, 1980; Kessler et al. 2005; Hawthorne et al. 2008; de Graaf et al. 2012; Simpson et al.
2012; Spiers et al. 2012). A recent study has stressed the importance of investigating trends in
milder depression too because subthreshold depression (SUBD) was more prevalent among
later-born birth cohorts (Wiberg et al. 2013). Evidence is growing that SUBD is also an
important determinant of public health and a major risk factor for MDD (Meeks et al.
2011). The topic on secular trends in depression prevalence has been one of the ongoing con-
troversies, since it has been questioned whether observed increases in depression rates consti-
tutes ‘true’ increases or have been the result of changes in diagnostic criteria and differences in
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assessment methods (Hawthorne et al. 2008; Wittchen &
Uhmann, 2010). Moreover, it is not known what factors have con-
tributed to secular trends in depression prevalence.

MDD is preeminently a multifactorial disease, which is deter-
mined by an interaction of biological, psychological and social
factors according to the biopsychosocial model (Engel, 1980).
The heritability of MDD has been estimated at 37% (Sullivan
et al. 2000), implying that non-genetic factors explain an import-
ant part of the etiology of MDD. It has been suggested that SUBD
is determined even more by non-genetic factors than MDD
(Beekman et al. 1995). This non-genetic influence may best be
illustrated by a dynamic equilibrium of multiple interacting risk
and protective factors (see Fig. 1) (Fiske et al. 2009). For some
known risk factors of depression the exposure has declined in
recent decades, such as smoking and CVD (Gregg et al. 2005;
Raho et al. 2015); whereas the exposure to other known risk fac-
tors has increased, including diabetes mellitus (Geiss et al. 2014),
chronic diseases (Crimmins & Beltran-Sanchez, 2011), excessive
alcohol consumption (Rice et al. 2003) and lack of social support
(Ryan et al. 2012). For some known protective factors of depres-
sion the exposure has increased, including the educational level
(Crimmins & Saito, 2001), socioeconomic advantages (Broese
van Groenou & Deeg, 2010) and management of depression
(Kessler et al. 2005); while exposure to religiousness has decreased
(Peri-Rotem, 2016). An ambiguous effect has been described for
the dramatic shift in dual family and work roles for women
after World War II (Kasen et al. 2003). This dual role may entail
both a risk and protective factor, due to higher stress levels and
meaningful engagement in life, respectively (Kasen et al. 2005).
Whether the prevalence of MDD and SUBD has been influenced
by secular trends in risk and protective factors for depression has
not been studied yet.

In order to identify secular trends properly, it is important to
select a study population with an age range that likely has under-
gone the greatest change in risk and protective factors in the past
few decades and to use consistent diagnostic criteria across

cohorts (Satizabal et al. 2016). Moreover, from a clinical point
of view, the study population should be a suitable target for pre-
vention. We assumed that 55–64-year olds were most appropriate
for this purpose because this group is young enough to experience
secular trends in psychosocial circumstances, such as dual roles,
and old enough to experience secular trends in the occurrence
of health problems, such as somatic diseases and disability.

The aim of the present paper is to explore whether and to what
extent a dynamic equilibrium of multiple risk and protective fac-
tors is associated with depression outcome over two decades
among three population-based cohorts of 55–64-year olds in
the Netherlands. First, we hypothesize that the prevalence of
MDD remains stable due to a balance in risk and protective fac-
tors. Second, in contrast to MDD, we hypothesize that the preva-
lence of SUBD will fluctuate more according to secular trends in
psychosocial circumstances.

Methods

Study sample

Data were used from the Longitudinal Aging Study Amsterdam
(LASA), an ongoing prospective population-based-study in the
Netherlands. Sampling procedures have been previously described
(Huisman et al. 2011; Hoogendijk et al. 2016). In short, in 1992/
93 the first cohort (N = 3107, birth years 1908–1937) was
recruited from the population registries of 11 municipalities in
three geographic areas of the Netherlands including a random
sample of 55–85-year-old men and women, stratified by age
and sex according to the expected 5-year mortality. The cooper-
ation rate of the first cohort was 62%, also for the 55–64-year
olds subsample. In 2002/03 and 2012/13, a second (N = 1002,
birth years 1938–1947) and third cohort (N = 1023, birth years
1948–1957) were recruited, respectively, both including a random
sample of 55–64-year olds selected from the same sampling frame
and measured identically to the first cohort. The cooperation rates
were 62 and 63% for the second and third cohort, respectively. All
interviews were conducted in the homes of the respondents by
trained and supervised interviewers.

The present study involved a cohort comparison of both
depression outcome and the exposure to risk and protective fac-
tors covering 20 years of time. A strict age limit of 55–64-years
was applied resulting in the inclusion of N = 2951 respondents
(N = 964 from the first, N = 996 from the second and N = 991
from the third cohort). Subsequently, N = 86 respondents were
excluded (N = 20 from the first, N = 32 from the second, and N
= 34 from the third cohort) due to missing data on depression
outcome leaving a total sample of N = 2865 respondents, includ-
ing N = 944 in the first, N = 964 in the second and N = 957 in the
third cohort. Written informed consent was obtained from all
respondents. The Ethical Review Board of the VU University
Medical Center approved the study.

Dependent variable

A two-stage-screening design was used to identify SUBD and
MDD as follows. First, the Center for Epidemiological Studies
Depression Scale (CES-D) was applied to identify respondents
with clinically relevant depression (cut-off score CES-D⩾ 16)
(Radloff, 1977). The psychometric properties of the CES-D were
found to be good (Beekman et al. 1997). Second, in respondents
who screened positive in the first stage (CES-D ⩾ 16), the

Fig. 1. Strong simplification of a dynamic equilibrium between multiple risks and
protective factors determining depression outcome. For example, a moderate risk
(a) with low protection (b) may result in SUBD (d), whereas a moderate risk (a)
with high protection (c) may not result in depression (e).
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Diagnostic Interview Schedule (DIS) was scheduled 2–8 weeks
after the CES-D interview (Robins et al. 1981). Depression out-
come was defined as a variable containing three categories.
Respondents without clinically relevant depression (CES-D < 16)
were indicated as having no depression. Respondents with clinic-
ally relevant depression (CES-D ⩾ 16) but without a past-year
diagnosis of MDD according to the DIS were indicated as having
SUBD. Respondents with clinically relevant depression (CES-D⩾
16) and also a past-year diagnosis of MDD were indicated as hav-
ing MDD.

Main independent variable

The ‘cohort’ variable was categorized into three groups; we refer
to these cohorts as the ‘early cohort’ (1992/93), ‘middle cohort’
(2002/03) and ‘recent cohort’ (2012/13).

Explanatory independent variables

Based on two literature reviews among community-dwelling older
adults aged 55 years or older (Cole & Dendukuri, 2003; Vink et al.
2008), putative risk and protective factors were included from bio-
logical, psychological and social domains of functioning.
According to the literature and based on biological plausibility,
factors were considered either a risk or protective factor.

The following risk factors were included. Urbanicity was
dichotomized according to the postal code density in ‘city’
(>1000 addresses/km2) v. ‘rural’ (<1000 addresses/km2) (Den
Dulk et al. 1992). The number of chronic diseases was assessed
by self-report on current diseases and included CVD, diabetes
mellitus, cancer, cerebrovascular accident (CVA), arthritis and
chronic-obstructive-pulmonary disease (COPD) (range, 0–7)
(Kriegsman et al. 1996). Functional limitations were measured
by self-report and dichotomized in ‘none’ v. ‘one or more’ limita-
tions (McWhinnie, 1981). Body mass index (BMI) was calculated
as measured body weight (kg) divided by measured height (m2).
Pain was measured by the Nottingham Pain Profile scale (range,
5–10) (Hunt et al. 1985). Sleep problems were measured with a
four-item self-questionnaire (range, 3–12) (Hunt et al. 1985).
Alcohol consumption was measured by the number of alcohol
units consumed per day (u/d) and categorized into: abstainer (0
u/d), moderate (men, 1–3 u/d; women, 1–2 u/d) and excessive
(men, ⩾4 u/d; women, ⩾3 u/d) (Netherlands Central Bureau of
Statistics, 1989). Smoking was dichotomized into ‘current smoker
or stopped ⩽15 years ago’ v. ‘never smoked or stopped >15 years’
(Visser et al. 1999). Physical activity was measured by calculating
the total time in minutes per day spent on physical activity (Stel
et al. 2004). Neuroticism was measured with a 25-item subset
from the 36-item Dutch Personality Questionnaire (range, 0–
50) (Luteijn et al. 1975). Loneliness was assessed with the de
Jong-Gierveld Loneliness Scale (range, 0–11) (de Jong-Gierveld
& Kamphuis, 1985).

The following protective factors were included. Religiousness
was dichotomized in having a religion or not. Partner status
was dichotomized in having a partner in or outside the household
v. no partner. Education was based on the number of years of edu-
cation (range, 5–18). Labor market participation was assessed by
self-report. Physical performance was measured with three per-
formance tests (range, 0–12) (Penninx et al. 2000). General cogni-
tive functioning was measured with the Mini Mental State
Examination (range, 0–30) (Folstein et al. 1975). Mastery was
measured with a translated and abbreviated Dutch version of

the Pearlin Mastery Scale (range, 5–25) (Pearlin & Schooler,
1978). Personal network size was based on the total number of
network members (range, 0–75); and the exchange of social sup-
port (both instrumental and emotional) was collected for nine
network members whom the respondent had the most frequent
contact with (range, 0–36) (van Tilburg, 1998).

Use of antidepressants and benzodiazepines were assessed by
directly recording the medication from drug containers in the
home of the respondents (Sonnenberg et al. 2008). All scales
were either previously validated in comparable samples in the
Netherlands or in LASA pilot studies (Deeg et al. 1993).
Because the dataset contained more than 5% missing values in
some risk and protective factors, multiple imputations (MI)
were performed, including 25 imputations and 50 iterations.

Statistical analyses

Descriptive statistics were performed on complete-cases data and
weighted according to the distribution of age and sex in the recent
cohort. This was done to make sure that changes in the prevalence
of depression reflected secular trends and were not due to distri-
butional differences in age and sex. All risk and protective factors
were separately investigated for their explanatory ability.
Chi-square and t tests were performed to examine the association
between each factor with both ‘cohort’ and ‘depression outcome’.
For this preliminary exploration, a liberal p-level <0.30 was used
so as not to miss important explanatory factors (Berner et al.
2016). Factors associated with both ‘cohort’ (Table 1) and ‘depres-
sion outcome’ (eTable 1, supplemental) were considered as poten-
tial explanatory factors.

Further analyses performed with multinomial logistic regres-
sion were not weighted since all models were standard adjusted
for age and sex. A basic model was created to test the association
between ‘cohort’ and ‘depression outcome’, adjusted for age and
sex, to estimate the degree of secular trends in the prevalence of
MDD and SUBD. The middle and recent cohorts were compared
with the early cohort (=reference) and an additional comparison
was made between the recent and the middle cohort (=reference).
Subsequently, potential explanatory factors were manually entered
one by one into the basic model and the % change in odds ratio of
‘cohort’ (ORcohort) was estimated for MDD (Table 2) and SUBD
(Table 3). The % change in (ORcohort) was calculated with follow-
ing formulas: if OR > 1: [(ORmodel x –ORbasic model)/(ORbasic model

− 1) × 100]; if OR < 1: [(ORbasic model –ORmodelx)/(ORbasic model−
1) × 100] (Richter et al. 2012).

Factors were considered to be explanatory when two condi-
tions were met after entering the basic model: first the magnitude
of the association (ORcohort) was reduced: thus decrease in OR if
OR > 1 or increase in OR if OR < 1, accompanied by a decrease in
p value, and second the % change (ORcohort) was ⩾10%. Factors
were considered to be suppressors when the opposite was
observed: first the magnitude of the association (ORcohort) became
stronger: thus decrease in OR if OR < 1 or increase in OR if OR >
1, accompanied by an increase in p value, and second the %
change (ORcohort) was ⩾10% (Twisk, 2007). Finally, multivariable
analyses were performed to estimate the total percentage that
could be explained by adjusting the basic model subsequently
for the overall influence of suppressors, the overall influence of
explanatory factors and finally for psychotropic medication
(Table 4). Data analyses were conducted with SPSS v22 and
Stata v12.
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Table 1. Sample characteristics and secular trends in the exposure to risk and protective factors

Early cohort 1992 (n = 944) Middle cohort 2002 (n = 964) Recent cohort 2012 (n = 957) p Value

Female, no. (%) 486 (51.5) 502 (52.1) 492 (51.4) 0.950

Age, 55–64, mean (S.D.), years 60.2 (2.8) 59.9 (2.9) 60.2 (2.8) 0.044

Risk factors

Lives in city, no. (%) 535 (56.6) 556 (57.7) 575 (60.1) 0.290

# Chronic diseases, 0–7, median (IQR) 0.0 (1.0) 1.0 (1.0) 1.0 (1.0) <0.001

⩾1 functional limitations, no. (%) 164 (17.4) 258 (26.8) 262 (27.4) <0.001

CVD, no. (%) 155 (16.4) 141 (14.6) 118 (12.3) 0.039

Diabetes, no. (%) 32 (3.4) 67 (7.0) 79 (8.3) <0.001

Cancer, no. (%) 57 (6.0) 83 (8.6) 92 (9.6) 0.013

CVA, no. (%) 18 (1.9) 27 (2.8) 18 (1.9) 0.296

Arthritis, no. (%) 263 (27.9) 328 (34.1) 374 (39.1) <0.001

COPD, no. (%) 70 (7.4) 98 (10.2) 96 (10.0) 0.065

BMI, median (IQR) 26.4 (4.4) 27.0 (5.3) 26.7 (5.7) 0.005

Pain, 5–10, median (IQR) 5.0 (0.0) 5.0 (1.0) 5.0 (1.0) 0.018

Sleep problems, 3–12, mean (S.D.) 5.6 (2.1) 5.7 (2.2) 5.8 (2.0) 0.149

Alcohol consumption, no. (%) <0.001

None 128 (14.8) 72 (8.0) 114 (13.4)

Moderate 634 (73.5) 651 (72.0) 600 (70.8)

Excessive 102 (11.6) 181 (20.0) 134 (15.8)

Smoking, no. (%) 442 (51.1) 421 (46.6) 304 (35.8) <0.001

Physical activity, min/day, median (IQR) 170.2 (158.6) 143.6 (133.9) 132.9 (124.1) <0.001

Neuroticism, 0–50, median (IQR) 4.0 (7.0) 4.0 (6.0) 2.0 (6.0) <0.001

Loneliness, 0–11, median (IQR) 1.0 (2.0) 1.0 (2.0) 0.0 (2.0) 0.015

Protective factors

Religious, no. (%) 556 (58.9) 500 (51.9) 427 (44.6) <0.001

Partner, no. (%) 785 (83.2) 812 (84.2) 780 (81.5) 0.277

Educational level, 5–18, mean (S.D.), years 9.5 (3.3) 10.4 (3.4) 11.7 (3.4) <0.001

Labor market participation, no. (%) 277 (29.8) 410 (42.6) 606 (63.3) <0.001

Physical performance, 0–12, mean (S.D.) 8.6 (2.5) 8.9 (2.4) 9.1 (2.1) <0.001

Cognitive functioning, 0–30, median (IQR) 28.0 (2.0) 28.0 (2.0) 29.0 (2.0) 0.001

Mastery, 5–25, mean (S.D.) 18.0 (3.3) 18.2 (3.5) 18.8 (3.1) <0.001

Network size, 0–75, median (IQR) 14.0 (11.0) 13.0 (11.0) 19.0 (16.0) <0.001

Exchange of social support, 0–36, mean (S.D.)

Instrumental support given 15.8 (7.0) 17.0 (7.0) 17.8 (6.5) <0.001

Instrumental support received 14.3 (6.4) 14.7 (6.4) 15.4 (5.8) <0.001

Emotional support given 21.3 (8.0) 23.8 (7.7) 24.8 (6.8) <0.001

Emotional support received 22.6 (7.7) 22.4 (7.9) 23.5 (7.0) 0.004

Antidepressants use, no. (%) 11 (1.3) 36 (4.0) 60 (7.1) <0.001

Benzodiazepines use, no. (%) 65 (7.5) 69 (7.6) 37 (4.4) 0.008

Depression status, no. (%) 0.029

No depression 856 (90.7) 843 (87.4) 862 (90.1)

SUBD 68 (7.2) 84 (8.7) 59 (6.2)

MDD 20 (2.1) 38 (3.9) 36 (3.8)

#, number of; S.D., standard deviation; IQR, interquartile range. Bold = statistically significant at p < 0.05.
χ2 values have been computed for categorical variables and t-values for interval variables. Independent-sample Kruskal–Wallis tests were conducted to determine non-parametric variables.
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Table 2. Factors associated with an increase in the prevalence of MDD among 55–64-year olds in 2002 and 2012 compared with 1992

Middle cohort (v. early cohort) Recent cohort (v. early cohort)

ORCohort ORChange, % 95% CI p Value ORCohort ORChange, % 95% CI p Value

Basic model (adjusted for age and sex) 1.90 1.10–3.28 0.022 1.80 1.03–3.14 0.039

↑Exposure to risk factors (explanatory factors)

Lives in city 1.89 −1 1.10–3.27 0.022 1.77 −4 1.01–3.09 0.045

# Chronic diseases 1.74 −18 1.00–3.01 0.049 1.61 −24 0.92–2.80 0.095

⩾1 Functional limitations 1.61 −32 0.93–2.79 0.089 1.57 −29 0.90–2.74 0.116

Diabetes 1.84 −7 1.06–3.19 0.029 1.73 −9 0.98–3.03 0.058

Cancer 1.89 −1 1.09–3.28 0.023 1.79 −1 1.03–3.14 0.041

CVA 1.86 −4 1.08–3.23 0.027 1.80 0 1.03–3.13 0.039

Arthritis 1.83 −8 1.06–3.16 0.029 1.68 −15 0.97–2.91 0.065

COPD 1.81 −10 1.05–3.14 0.034 1.72 −10 0.98–2.99 0.057

Body mass index 1.83 −8 1.04–3.21 0.035 1.87 +9 1.06–3.30 0.031

Pain 1.66 −27 0.93–2.96 0.088 1.76 −5 0.97–3.19 0.061

Sleep problems 1.75 −17 0.98–3.13 0.061 1.78 −3 0.98–3.24 0.058

Alcohol consumption 1.84 −7 1.07–3.19 0.028 1.79 −1 1.03–3.13 0.040

Overall effecta 1.51 −43 0.81–2.84 0.196 1.58 −28 0.84–2.95 0.153

↓Exposure to risk factors (suppressor factors)

CVD 1.93 +3 1.11–3.35 0.019 1.88 +10 1.07–3.31 0.028

Smoking 1.90 0 1.10–3.29 0.022 2.06 +33 1.16–3.64 0.014

Neuroticism 2.01 +12 1.11–3.63 0.021 2.89 +136 1.56–5.37 0.001

Loneliness 1.98 +9 1.14–3.45 0.016 2.08 +35 1.18–3.66 0.011

Overall effecta 2.12 +24 1.16–3.87 0.014 3.40 +200 1.78–6.50 <0.001

↑Exposure to protective factors (suppressor factors)

Educational level 1.94 +4 1.09–3.44 0.023 1.90 +13 1.02–3.55 0.045

Labor market participation 2.16 +29 1.24–3.78 0.007 2.77 +120 1.50–5.11 0.001

Physical performance 2.02 +13 1.16–3.52 0.013 1.88 +10 1.06–3.35 0.031

Cognitive functioning 1.91 +1 1.10–3.31 0.021 1.86 +8 1.05–3.29 0.033

Mastery 2.36 +51 1.27–4.37 0.009 2.85 +131 1.52–5.36 0.001

Network size 1.91 +1 1.11–3.31 0.020 2.25 +56 1.28–3.96 0.005

Exchange of social support

Instrumental support given 1.97 +8 1.14–3.41 0.015 1.93 +16 1.10–3.38 0.023

Emotional support given 2.13 +26 1.21–3.77 0.008 2.17 +46 1.22–3.86 0.008

Emotional support received 1.94 +4 1.12–3.35 0.017 1.94 +18 1.11–3.42 0.021

Overall effecta 2.39 +54 1.26–4.56 0.008 3.55 +219 1.73–7.25 0.001

↓Exposure to protective factors (explanatory factors)

Religious 1.89 −1 1.09–3.26 0.023 1.78 −3 1.01–3.12 0.044

Partner 1.96 +7 1.12–3.42 0.018 1.74 −8 0.99–3.04 0.054

Overall effecta 1.98 +9 1.13–3.46 0.017 1.75 −6 0.99–3.09 0.053

Psychotropic medication

Antidepressants use 1.68 −24 0.95–2.96 0.075 1.41 −49 0.77–2.58 0.267

Benzodiazepines use 1.87 −3 1.07–3.25 0.028 2.21 +51 1.25–3.91 0.006

OR, odds ratio; all factors were manually entered one by one into the basic model and the % change in ORCohort was estimated (ORChange). Bold = statistically significant at p < 0.05.
aMultivariable analyses were performed to estimate the cumulative effect within groups.
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Table 3. Factors associated with a decrease in prevalence of SUBD in 2012 compared with 2002

Recent cohort (v. middle cohort)

ORCohort ORChange, % 95% CI P value

Basic model (adjusted age and sex) 0.68 0.48–0.96 0.030

↑Exposure to risk factors (suppressor factors)

Lives in city 0.67 −3 0.48–0.96 0.027

# Chronic diseases 0.67 −3 0.47–0.95 0.024

⩾1 functional limitations 0.67 −3 0.47–0.96 0.030

Diabetes 0.67 −3 0.47–0.95 0.024

Cancer 0.68 0 0.48–0.96 0.030

Arthritis 0.66 −6 0.47–0.94 0.023

Overall effecta 0.67 −3 0.47–0.96 0.029

↓Exposure to risk factors (explanatory factors)

CVD 0.69 +3 0.49–0.98 0.039

CVA 0.69 +3 0.48–0.97 0.035

COPD 0.68 0 0.48–0.97 0.032

BMI 0.74 +19 0.52–1.06 0.099

Pain 0.78 +31 0.54–1.11 0.165

Sleep problems 0.74 +19 0.52–1.06 0.100

Alcohol consumption 0.70 +6 0.49–0.99 0.046

Smoking 0.76 +25 0.53–1.08 0.126

Neuroticism 0.98 +94 0.68–1.41 0.900

Loneliness 0.74 +19 0.52–1.06 0.096

Overall effecta 1.00 +100 0.67–1.49 0.996

↑Exposure to protective factors (explanatory factors)

Educational level 0.73 +16 0.51–1.04 0.079

Labor market participation 0.76 +25 0.53–1.10 0.144

Physical performance 0.71 +9 0.50–1.02 0.064

Cognitive functioning 0.71 +9 0.50–1.00 0.050

Mastery 0.78 +31 0.55–1.11 0.169

Network size 0.83 +47 0.58–1.18 0.289

Exchange of social support

Instrumental support given 0.69 +3 0.49–0.98 0.040

Emotional support given 0.70 +6 0.49–0.99 0.044

Emotional support received 0.70 +6 0.49–0.99 0.044

Overall effecta 1.07 +122b 0.74–1.56 0.717

↓Exposure to protective factors (suppressor factors)

Religious 0.66 −6 0.47–0.94 0.022

Partner 0.66 −6 0.46–0.94 0.020

Overall effecta 0.65 −9 0.45–0.92 0.015

Psychotropic medication

Antidepressants 0.70 +6 0.49–0.99 0.044

Benzodiazepines 0.75 +22 0.53–1.07 0.117

OR, odds ratio; all factors were manually entered one by one into the basic model and the % change in ORCohort was estimated (ORChange). Bold = statistically significant at p < 0.05.
aMultivariable analyses were performed to estimate the cumulative effect within groups.
bRead (ORChange) of 122% as 100%.
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Results

Table 1 shows the past-year prevalence of MDD in 1992, 2002 and
2012, which was 2.1, 3.9 and 3.8%, respectively. The point preva-
lence of SUBD in 1992, 2002 and 2012 was 7.2, 8.7 and 6.2%,
respectively. There is an increase in the use of antidepressants
in successive cohorts. The use of benzodiazepines declined in
the recent cohort. Also shown in Table 1 are the secular trends
in the exposure to risk and protective factors.

Secular trends in the exposure to risk and protective factors

It can be seen that among the risk factors: chronic diseases, func-
tional limitations, diabetes, cancer and arthritis are more preva-
lent in successive cohorts; whereas the prevalence of CVD,
smoking, physical activity, neuroticism and loneliness has
decreased. Among the protective factors: successive cohorts have
an increase in the exposure to educational level, labor market par-
ticipation, cognitive functioning, mastery and exchange of social
support; while the exposure to religiousness and physical per-
formance has decreased. The exposure to other factors, such as
CVA, COPD, pain, sleep problems, alcohol consumption and net-
work size, fluctuated between cohorts.

Secular trends in MDD prevalence and explanatory factors

The prevalence of MDD in both the middle cohort (OR 1.90, 95%
CI 1.10–3.28, p = 0.022) and recent cohort (OR 1.80, 95% CI
1.03–3.14, p = 0.039) is higher than the early cohort (Table 2).
However, compared with the middle cohort, the prevalence of
MDD remained stable (OR 0.95, 95% CI 0.60–1.51, p = 0.82).
Subsequently, the potential explanatory and suppressor effect of
each factor is shown in Table 2. The number of chronic diseases,
functional limitations, arthritis and COPD was found to have an
explanatory ability in both the middle and recent cohorts.
Additionally, pain and sleep problems were only associated with
the increase in MDD rates in the middle cohort.

Several factors suppressed the relationship between ‘cohort’
and ‘MDD outcome’. Common factors for both cohorts are neur-
oticism, labor market participation, physical performance, mas-
tery and emotional support given. In addition, only in the
recent cohort suppressor effects are also seen for CVD, smoking,
loneliness, educational level, network size, instrumental support
given and emotional support received. After adjustment for all
suppressors the (ORcohort) increased 1.2 times in the middle
and 2.4 times in the recent cohort (Table 4). This can be

understood as follows: if the prevalence of the suppressor factors
had been stable over time, the prevalence of MDD would have
been even much higher. Table 4 shows the overall influence of
suppression and explanatory effects. The increase in the preva-
lence of health problems partly explained (24%) the rise in
MDD rates. The use of antidepressants had an additional explana-
tory effect.

Secular trends in SUBD prevalence and explanatory factors

The prevalence of SUBD in the middle (OR 1.29, 95% CI 0.92–
1.80, p = 0.143) and recent cohort (OR 0.87, 95% CI 0.61–1.26,
p = 0.471) as compared with the early cohort remained stable.
The SUBD prevalence found in the recent cohort was lower
(OR 0.68, 95% CI 0.48–0.96, p = 0.03) than the middle cohort
(Table 3). This decline in SUBD rates was not suppressed and
could entirely be explained by both the overall effect of a decrease
in prevalence of risk factors (BMI, pain, sleep problems, smoking,
neuroticism and loneliness) and by an increase in the prevalence
of protective factors (educational level, labor market participation,
mastery and network size). Use of benzodiazepines had no add-
itional explanatory effect (Table 4).

Discussion

The study of secular trends in mental health is a matter of histor-
ical and current importance. Already in 1980, Srole and Fischer
challenged claims of deteriorating mental health in successive
generations, which had been postulated by the Mental Paradise
Lost doctrine (Srole & Fischer, 1980). To date, however, MDD
has become the second leading cause of YLD worldwide (Vos
et al. 2012). The most important conclusion to be drawn from
this study is that we found a substantial secular trend in the preva-
lence of MDD among late middle-aged adults, which is influenced
by a dynamic equilibrium of more or less modifiable risk and pro-
tective factors.

Contrary to our expectations, we found an almost twofold
increase in MDD prevalence in 2002 and 2012 than in 1992.
The prevalence of MDD remained stable between 2002 and
2012. The increase in MDD rates was largely attributable to an
increase in the prevalence of health problems in the two more
recent cohorts, including chronic diseases, functional limitations,
arthritis, COPD, pain and sleep problems. Moreover, if the preva-
lence of CVD, smoking, loneliness and neuroticism had not
decreased and mastery, labor market participation, network size

Table 4. Multivariable analyses secular trends in prevalence of MDD and SUBD

Model

MDD in 2002 (v. MDD in 1992) MDD in 2012 (v. MDD in 1992) SUBD in 2012 (v. SUBD in 2002)

ORCohort ORChange, % 95% CI ORCohort ORChange, % 95% CI ORCohort 95% CI ORChange, %

I. Basic model (adjusted for age and sex) 1.90 1.10–3.28 1.80 1.03–3.14 0.68 0.48–0.96

II. Model I + suppressor factors 2.29 Ref 1.19–4.42 4.39 Ref 2.05–9.37 0.68 0.48–0.96 Ref

III. Model II + explanatory factors 1.98 −24 0.99–3.93 3.76 −19 1.64–8.64 1.25 0.83–1.88 +178

IV. Model III + antidepressants 1.86 −33 0.91–3.80 3.00 −41 1.25–7.25

V. Model III + benzodiazepines 1.26 0.84–1.90 +181

OR, odds ratio; bold = significant (95% CI does not include 1); Ref = reference OR to calculate % change.
Multivariable analyses estimated the total percentage that could be explained by subsequently adjusting the basic model (model I) for the cumulative suppression effect (model II) and
cumulative explanatory effect (model III). MDD models were adjusted for antidepressants (model IV), SUBD for benzodiazepines (model V).
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and exchange of social support had not increased, the prevalence
of MDD would have been 1.2 and 2.4 times higher in 2002 and
2012, respectively. Furthermore, we observed a 32% decline in
SUBD prevalence in 2012 as compared with 2002, which was
entirely associated with a decrease in risk and an increase in pro-
tective factors mainly from psychosocial domains of functioning.

The finding that MDD is more prevalent in successive genera-
tions has been extensively described (Wickramaratne et al. 1989;
Joyce et al. 1990; Weissman, 1992; Fombonne, 1994; Compton
et al. 2006; Eaton et al. 2007). However, other studies have
found that the prevalence of MDD is stable (Kessler et al. 2005;
de Graaf et al. 2012; Simpson et al. 2012; Spiers et al. 2012).
Moreover, a debate is ongoing whether increasing MDD rates
constitute a ‘true’ increase or is due to methodological heterogen-
eity and recall artifacts (Hawthorne et al. 2008; Wittchen &
Uhmann, 2010). Warshaw et al. (1991) have refuted that recall
artifacts explain secular trends in MDD prevalence (Warshaw
et al. 1991). Few scholars have examined secular trends in
SUBD prevalence. Recently Wiberg et al. (2013) have found
that SUBD prevalence increased substantially among 75-year
olds from 1976–1977 to 2005–2006 (Wiberg et al. 2013). This dis-
crepant finding may be attributed to differences in age range, but
this needs further study.

For a few known risk and protective factors of depression secu-
lar trends have been described in the literature to date; however,
for the majority of factors, this information was largely lacking.
The finding that more recent cohorts were more exposed to
chronic diseases, diabetes mellitus, arthritis, COPD, sleep pro-
blems and disability corresponds to other studies (Lopez et al.
2006; Mannino & Buist, 2007; Crimmins & Beltran-Sanchez,
2011). In Western societies, the overall prevalence of chronic dis-
eases is increasing due to the aging of the population and the
greater longevity of people with chronic conditions. Crimmins
& Beltran-Sanchez (2011) reviewed the literature on trends in
mortality and morbidity in the USA and found that although
mortality has declined, the prevalence of diseases has increased
(Crimmins & Beltran-Sanchez, 2011). Also, mobility functioning
has deteriorated and length of life with disease and mobility func-
tioning loss has increased between 1998 and 2008. Literature is
available that found the same deteriorating health trends for the
situation in the Netherlands using different data (van Oostrom
et al. 2016). Also, a decrease in the prevalence of CVD and smok-
ing was found, which have been previously described (Gregg et al.
2005; Raho et al. 2015). Remarkable was the finding that neuroti-
cism, a personality trait strongly associated with a genetic predis-
position, declined in more recent cohorts. A possible explanation
might be that neuroticism later in life is influenced more by non-
genetic factors, such as occupation; however, this issue needs fur-
ther empirical study. The finding that educational level, labor
market participation, mastery and network size had increased in
more recent cohorts has been supported by others and indicate
that socioeconomic and psychosocial circumstances have
improved for more recent generations (Hoogendijk et al. 2008;
Broese van Groenou & Deeg, 2010; Suanet et al. 2013). The find-
ing that an increased use of antidepressants in 2002 and 2012 as
compared with 1992 had an additional explanatory effect on the
secular trends found in MDD prevalence may be the consequence
of improved recognition and treatment of MDD (Kessler et al.
2005; Sonnenberg et al. 2008; Simpson et al. 2012), possibly
since the introduction of selective serotonin reuptake inhibitors
(SSRIs) around 1990. Antidepressants may be seen as a proxy
for the (increased) recognition and detection of people with

MDD. Sonnenberg et al. (2008) already found that the rise in
the use of antidepressants between 1992 and 2002 was mainly
attributable to a rise in the use of SSRIs (Sonnenberg et al. 2008).

Amajor strength of this population-based epidemiological study
is the rigorous design. LASA is primed to examine cohort differ-
ences in a reliable and valid manner by using identical measure-
ments across cohorts, including a two-stage screening design to
identify cases of SUBD and cases with a past-year diagnosis of
MDD. The approach to include SUBD in the cohort comparison
is, to our understanding, unique and important because evidence
has been collected that SUBD is also a crucial determinant of public
health and major risk factor for MDD (Meeks et al. 2011; Jeuring
et al. 2016). Furthermore, essential information was gathered con-
cerning secular trends in risk and protective factors for depression,
which can be vital for future research. Some limitations need to be
taken into account. First, the cross-sectional observational design
does not allow causal conclusions and cannot distinguish well
between cohort and period effects. It is unclear whether the more
recent cohorts were especially prone to MDD (birth cohort factors)
or that 2002 and 2012 were especially depressing times (period fac-
tors). Second, because the cooperation rates of the three cohorts
ranged between 62 and 63%, this design holds the risk of selective
non-response bias. However, the cooperation rates of the three
cohorts are quite similar. Third, this study cannot answer the ques-
tion whether an increased influx of newMDD cases, i.e. higher inci-
dence, or an increased chronicity of prevalent MDD cases
contributed to the higher prevalence found in recent cohorts.
Future research should focus on longitudinal cohort differences
with regard to the (first) onset, course and outcome of depression,
including disability and mortality.

Nevertheless, this study has important implications. Assuming
that MDD rates ‘truly’ increase, despite improvement in psychi-
atric treatment, socioeconomic and psychosocial circumstances,
we can expect a continued increase in the burden of disease
that will challenge the field of mental and public health. The find-
ing that an increase in chronic diseases and functional limitations
was associated with an increase in MDD in more recent genera-
tions of 55–64-year olds is alarming, since the number of older
people in the population is growing and, simultaneously, those
suffering from one or more chronic diseases and functional
impairments. Moreover, in a previous study on the long-term
prognosis of SUBD (Jeuring et al. 2016), we found that
community-dwelling older adults with SUBD were particularly
at risk of developing MDD when chronic diseases, high BMI, or
unhealthy lifestyles were present. Lessons must be learned from
somatic medicine, as CVD has become less prevalent in recent
decades through a lower exposure to CVD risk factors (Gregg
et al. 2005). From a public health policy perspective, caregivers
should pay attention to the presence of clinically relevant depres-
sive symptoms in the growing group of people that is (or
becomes) medically and physically compromised. This role may
be suited to the general practitioner, but does also apply to the
medical specialist in the hospital who treats patients with chronic
diseases. Subsequently, for the purpose of indicated prevention of
MDD, psychiatric counseling may be arranged. Additionally,
physical activity has been associated with helping individuals
maintain good physical and cognitive function throughout life
and in older adults also with developing fewer chronic diseases
(Lee et al. 2012), which in turn may contribute to the prevention
of depression in later life.

To conclude, our study showed a pessimistic prospect of
increasing MDD rates; however, SUBD rates showed a recent
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decline. Putative targets were identified for the purpose of pre-
ventive psychiatry and public health policies, which may help to
reduce the worldwide disease burden of depression.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291717003324
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