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Although treatment utilization for depression and anxiety symptoms has increased substantially in the United
States and elsewhere, it remains unclear whether the underlying population distribution of psychological distress
is changing over time. We estimated age, period, and cohort effects using data from 2 countries over more than
20 years, including National Health Interview Surveys from 1997 to 2010 (n=447,058) and Canadian Community
Health Surveys from 2000 to 2007 (n= 125,306). Psychological distress was measured with the Kessler Psycho-
logical Distress Scale. By period, both countries showed the highest levels of psychological distress in 2001 and the
lowest levels in 2007. By age, psychological distress was highest in adolescence and during the late 40s and early
50s. By cohort, Canadian Community Health Survey results indicated a decreasing cohort effect among those born
in 1922—1925 through 1935-1939 (B = —0.36, 95% confidence interval: —0.45, —0.27) and then a continuously in-
creasing cohort effect during the remainder of the 20th century through 1989-1992 (B = 0.49, 95% confidence in-
terval: 0.38, 0.61). The National Health Interview Survey data captured earlier-born cohorts and indicated an
increased cohort effect for the earliest born (for 1912—1914, g =0.44, 95% confidence interval: 0.26, 0.61). In
sum, individuals in the oldest and more recently born birth cohorts have higher mean psychological distress symp-
toms compared with those born in midcentury, underscoring the importance of a broad, population-level lens for
conceptualizing mental health.

age-period-cohort effects; anxiety; Canada; Canadian Community Health Surveys; depression; National Health
Interview Surveys; psychological distress; United States

Abbreviations: APC, age-period-cohort; CCHS, Canadian Community Health Survey; Cl, confidence interval; CIDI-SF, Composite
International Diagnostic Interview Short Form; IE, intrinsic estimator; K-10, 10-ltem Kessler Psychological Distress Scale; K-6,
6-ltem Kessler Psychological Distress Scale; NHIS, National Health Interview Survey.

In the past 2 decades, there have been substantial increases
in treatment utilization for common psychiatric conditions
such as depression and anxiety in many countries (1-5).
An open question remains, however, as to what extent the
increases in treatment utilization reflect increased ascertain-
ment of existing cases, diagnostic drift to treating less severe
cases, or an actual increase in depressive and anxiety symp-
toms at the population level. To resolve this question, we
need data on the community-based distribution of depressive
and anxiety symptoms over time.

Studies attempting to address changes in the community-
based distribution of depression and anxiety symptoms have

been based primarily on cross-sectional samples using retro-
spective reports. These studies indicate that younger adults
are more likely to have a lifetime diagnosis of major depres-
sion than older adults (6—11), suggesting an increasing pop-
ulation prevalence in younger generations (typically termed a
“cohort effect”), yet retrospective reporting biases in older
adults limit inference from cross-sectional studies (12). Lon-
gitudinal studies and large meta-analyses of multiple cohorts
of children suggest that there were no changes in the inci-
dence and prevalence of major depression, at least in the
United States, in the last quarter of the 20th century (13,
14). Similarly, time trend analyses of surveillance data
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indicate little change in psychological distress from 1997
through 2004 (5).

Population-based data regarding cohort effects on symp-
toms of psychological distress from the last 10 years are
scant; thus, recent trends are virtually unknown. This is crit-
ical, because new and emerging risk factors (e.g., social
media use (15-17)), as well as changes in established risk
factors (e.g., nonmedical prescription drug use, binge drink-
ing (18, 19)) are known to have occurred over this epoch. The
extent to which psychological distress has changed over the
same period, however, remains unexplored.

Further, a lack of overall population-level changes in prev-
alence over time could be masking important underlying
changes. Specifically, the issue of whether or not there is a
cohort effect in common mental health problems in more re-
cent generations is complicated by 2 additional time-varying
factors: age effects and period effects. Symptoms of psycho-
logical distress follow specific developmental trajectories,
with the onset of symptoms most commonly occurring dur-
ing adolescence (20), heightened levels of psychological dis-
tress throughout the adolescent and early adult periods (21),
and lower yet varying levels of symptoms thereafter. Thus, it
is critical to account for age effects when attempting to isolate
cohort effects. Further, overall secular trends that occur across
all age groups, known commonly as “period effects,” could
also obscure cohort effects unless properly modeled. Existing
age-period-cohort (APC) analyses of depressive and anxiety
symptoms are few (9, 22, 23) and are based on data that do
not reflect current population trends.

To examine whether the distribution of depressive and
anxiety symptoms in nontreated population samples has
been shifting in recent decades, we need data that repeatedly
measure these symptoms across a range of birth cohorts and
time periods. The present study uses nationally representative
data from 1997 to 2011 with consistent measures of psycho-
logical distress from the United States and Canada over the
last 15 years to examine whether there is evidence for APC
effects at the population level.

METHODS
Sample

National Health Interview Survey. The National Health In-
terview Survey (NHIS) is a nationally representative, annual
cross-sectional survey of noninstitutionalized household civil-
ian adults (aged >18 years) in the United States, conducted
by the National Center for Health Statistics and the US Census
Bureau (18). Assessments are conducted in person in the re-
spondents’ households. The topic of psychological distress
was introduced into the survey in 1997 (24). We used data from
heads of households, with a total sample size of 447,058
(range, 36,116 (in 1997) to 21,781 (in 2008)). In all US-based
surveillance surveys, response rates have declined in the past
decade. In these data, response rates similarly fell from greater
than 90% in 1997-2000 to 79.5% in 2010 (18). Nonresponse
weighting adjustments are included in the sampling weights.

Canadian Community Health Survey. Canadian Commu-
nity Health Survey (CCHS) cycles 20002001, 2003, 2005,
and 2007 were analyzed using the public release data files.
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The CCHS is a cross-sectional survey conducted by Statistics
Canada (http:/www.statcan.gc.ca) examining individuals
aged 12 years and older living in private dwellings in all 13
Canadian provinces and territories. The survey excludes those
living on Indian reserves or Crown lands and those in the
armed forces, and the public use files do not include data
from the 3 Canadian territories. Approximately 130,000 re-
spondents were surveyed in each cycle; response rates ranged
from 77.6% (in 2007) to 84.7% (in 2000-2001). Select prov-
inces per cycle included psychological distress measures; the
percentage of respondents who received psychological dis-
tress measures ranged from 9.3% in 2003 to 47.2% in 2005,
for a total analytical sample size of 126,306.

Note that the age ranges in the 2 surveys differ, with the
CCHS beginning at age 12 years and the NHIS beginning
at age 18 years. Further, the time periods of the 2 surveys dif-
fer, with the CCHS covering 2000-2001, 2003, 2005, and
2007 and the NHIS covering the continuous period from
1997 through 2011. Because of these differences in age and
period coverage, we were able to include more information
on younger birth cohorts in the CCHS and more information
on older birth cohorts in the NHIS.

Measures

Psychological distress and depressive symptoms. Psy-
chological distress was measured in both the NHIS and
CCHS through the 6-Item Kessler Psychological Distress
Scale (K-6) (24, 25). The K-6 queries the frequency of 6
items related to nonspecific and nondiagnostic psychological
distress experienced in the past 30 days on a 5-point scale
from “all of the time” to “none of the time.” Respondents
were asked how often they feel 1) nervous, 2) hopeless,
3) restless or fidgety, 4) so depressed that nothing could cheer
you up, 5) that everything was an effort, and 6) worthless.
The K-6 has good reliability and validity as a continuous
measure of nonspecific psychological distress in both US
(5, 24, 25) and international samples (26, 27).

The CCHS included the 10-Item Kessler Psychological
Distress Scale (K-10), measured in 2003, 2005, and 2007,
and the Composite International Diagnostic Interview Short
Form (CIDI-SF) depression scale (measured at all waves).
The K-10 includes the 6 questions from the K-6 plus 4 addi-
tional questions; a direct comparison found little difference
between the 2 instruments for assessing depressive and anx-
iety symptoms in a general population sample (27).

Doctor-diagnosed depression.  One concern about the in-
terpretation of trends in symptoms versus trends in ascertain-
ment is that, because respondents are more likely to receive
treatment for psychological distress over time, psychological
distress symptoms may decrease in the population because of
treatment; alternatively, individuals may be more likely to
report higher levels of psychological distress because of in-
creased awareness of their moods. In the CCHS, respondents
were asked separately whether a doctor had ever diagnosed
them with a mood disorder or anxiety disorder; example dis-
orders were given for each. In a supplementary analysis, we
examined APC models among those with no lifetime doctor
diagnosis of a mood disorder to separate trends in ascertain-
ment of cases from underlying symptom development.
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Age, period, and birth cohort.  In the CCHS, information
on age was available within the following ranges: 12—14
years, and then 5-year age groups beginning with 15-19
years and continuing through 75-79 years. Data from indi-
viduals over 80 years of age were grouped together. To esti-
mate the range of birth cohorts for each age group, we
estimate the mean age within the category (e.g., age 13
years for the group aged 12—14 years, age 17 years for the
group aged 15-19 years), subtracted the mean age from the
survey year, and estimated the 5-year bounds around that sub-
tracted estimate.

In the NHIS, individual year of age was available for all
respondents. Birth cohort was calculated by subtracting indi-
vidual age from the survey year and then grouped into 5-year
categories.

Sociodemographic variables. In both the CCHS and the
NHIS, we estimated APC models separately by sex, as well as
highest level of household education as follows: 1) less than
high school; 2) completed high school; 3) some postsecond-
ary education; 4) postsecondary education graduate. House-
hold education was used because individuals in the CCHS
were as young as 12 years and may not have achieved their
final educational positions.

Statistical analysis

In the CCHS, not all provinces included the K-6 measure
in all waves. Mean K-6 score differed significantly by prov-
ince (F'=294.81, degrees of freedom=9, P <0.001). Sub-
jects from Quebec had the highest mean psychological
distress scores, and subjects from Ontario had the lowest.
These differences confound trends over time; thus, we re-
gressed the K-6 scale on a categorical indicator of province
across the 4 waves to factor out variance in the measure
due to province. Residual values no longer had any relation
to province. We used the residual as our measure of psycho-
logical distress in APC modeling of CCHS data.

Next, we examined the demographic distribution of psy-
chological distress by sex, age, and education, testing for dif-
ferences within survey wave with linear regression. Finally,
we used the intrinsic estimator (IE) for APC analysis, using
the approach developed by Yang et al. (28-30). We provide a
detailed overview of the IE in Web material (available at http:/
aje.oxfordjournals.org/). Briefly, the IE provides a unique es-
timable function that is invariant to model constraints; substan-
tial research has demonstrated the statistical properties of the [E
for valid APC analysis (28-30). The IE produces coefficients
of the effects of age, period, and cohort, and these coefficients
provide estimates of the mean change in psychological distress
associated with a particular APC group relative to the mean for
all APC groups combined. We use the publicly available
add-on file for the IE algorithm (29), available in Stata statis-
tical software (31).

We estimated APC effects by country, sex, and highest and
lowest levels of completed education; in the CCHS, we addi-
tionally estimated APC effects among those with no history
of doctor-diagnosed depression or anxiety. In the CCHS, we
also used the K-10 and CIDI-SF depression scores as addi-
tional supplementary outcomes. In a sensitivity analysis,
we analyzed K-6 as an outcome in Quebec separately because

Quebec was the only province that included the K-6 measure
in at least 3 waves of the study.

RESULTS

Demographic correlates of psychological distress
at each wave

CCHS. In Table 1 we describe the demographic distribu-
tion of K-6 residuals after regressing out the effect of province.
Women had higher distress than men at each wave. By age,
those who were 21-25 years had the highest level of distress
at each wave. By education, those with a high school degree
but no postsecondary degree had the highest level of distress
in 2000-2001, 2005, and 2007. Those with less than a high
school education had the highest level of distress in 2003.

NHIS. In Table 2 we describe the demographic correlates
of psychological distress at each wave in the NHIS data. Sim-
ilar to results from the CCHS, results from the NHIS showed
that women had consistently higher distress than men. Dis-
tress was generally highest in young adulthood (age 18-20
years), declined through early adulthood, and increased
again with a peak around age 4650 years. By education,
those in the lowest educational strata consistently had the
highest level of psychological distress.

Age, period, and cohort effects in psychological distress

Age effects. In the CCHS, psychological distress was
highest in late adolescence and early adulthood. Distress
peaked at age 2024 years (B = 0.65, 95% confidence interval
(CI): 0.56, 0.74), with a rapid decline thereafter except for a
noticeable increase at age 45-49 years (3 =0.30, 95% CI:
0.21, 0.39). In the NHIS, psychological distress peaked at
age 50-54 years (B=0.32, 95% CI: 0.28, 0.36) (Figure 1).

Period effects. In both the CCHS and the NHIS, psycho-
logical distress was highest in 2000-2001 (in the CCHS, p=
0.34, 95% CI: 0.30, 0.37; in the NHIS: B=0.30, 95% CI:
0.26, 0.35). The NHIS data also indicated a peak in the period
effect in 1997, as well as increases in the period effect from
2008 to 2010 (Figure 1).

Cohort effects. In the CCHS, cohort effects indicated a
J-shaped curve in psychological distress, with a decreasing
cohort effect among those born in 1922—1925 through 1935-
1939 (B=-0.36, 95% CI. —0.45, —0.27) and then a contin-
uously increasing cohort effect among those born across the
remainder of the 20th century through the 1989-1992 cohort
(B=0.49, 95% CI: 0.38, 0.61). The NHIS data were able to
capture earlier-born cohorts compared with the CCHS, and
these data indicated an increased cohort effect for the earliest
born (in 1912-1914, B=0.44, 95% CI: 0.26, 0.61). After a
decrease in the cohort effect among those born in 1912—
1914 through the 1925 cohort, the cohort effect gradually in-
creased until the 1975 cohort, after which the cohort effect in
psychological distress decreased until the latest-born cohort
in 1984—-1986 (Figure 1). Results stratified by sex were gen-
erally consistent with the whole sample, although the in-
crease in psychological distress among those aged 50-54
years in the CCHS was less pronounced in men (Figure 2)
than in women (Figure 3).
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Table 1. Demographic Distribution of Psychological Distress® in the Canadian General Population (n=126,306),

2000-2007
Residual K-6 Values® After Province Regression (SE) by Year
Characteristic
2000-2001 2003 2005 2007

Sex
Male —0.19 (0.02) —-0.23 (0.01) —0.28 (0.06) —0.56 (0.07)
Female 0.72 (0.06) 0.13 (0.01) 0.21 (0.03) 0.04 (0.02)

Age, years
12-14 0.39 (0.02) —0.08 (0.08) 0.41 (0.09) -0.13 (0.18)
15-17 1.13 (0.05) 0.60 (0.14) 0.91 (0.04) 0.66 (0.03)
18-20
21-25 1.23 (0.10) 0.59 (0.08) 0.82 (0.05) 0.24 (0.02)
26-30 0.68 (0.06) 0.31 (0.06) 0.40 (0.03) 0.20 (0.03)
31-35 0.46 (0.03) —0.07 (0.04) 0.07 (0.110) 0.00 (0.01)
36-40 0.57 (0.06) —0.06 (0.09) 0.08 (0.03) -0.12 (0.10)
41-45 0.32 (0.04) —0.10 (0.05) —0.04 (0.08) —0.09 (0.10)
46-50 0.35 (0.03) 0.18 (0.02) —0.08 (0.03) —0.27 (0.06)
51-55 0.05 (0.03) —-0.23 (0.14) —0.27 (0.05) —-0.41 (0.02)
56-60 —0.43 (0.01) -0.23 (0.10) —0.44 (0.08) —0.42 (0.04)
61-65 —0.69 (0.02) —0.56 (0.10) —-0.74 (0.02) —0.76 (0.04)
66-70 —0.60 (0.03) —-0.41 (0.09) —0.93 (0.08) —1.03 (0.03)
71-75 —0.50 (0.05) —0.64 (0.05) —1.09 (0.11) —1.14 (0.10)
76-80 —0.30 (0.06) -0.79 (0.14) —0.88 (0.03) —1.20 (0.05)
>80

Education
Less than high school 0.50 (0.04 0.24 (0.03) 0.18 (0.13) -0.17 (0.11)
Completed high school 0.01 (0.02) —-0.02 (0.02) —0.09 (0.01) —-0.28 (0.07)
Some postsecondary but no degree 0.82 (0.09) 0.15 (0.06) 0.45 (0.07) 0.24 (0.02)
Postsecondary degree 0.12 (0.04) —0.29 (0.02) —0.19 (0.03) —0.35 (0.02)

Abbreviation: K-6, 6-ltem Kessler Psychological Distress Scale; SE, standard error.
& Psychological distress varied across sex, age, and educational level at P<0.01.

P Psychological distress score based on residual value from linear regression of K-6 score on a categorical indicator
of Canadian province of residence because of differential distributions of K-6 values across provinces. The K-6
indicates the frequency of 6 items related to nonspecific and nondiagnostic psychological distress experienced in

the past 30 days (24, 25).

By lowest and highest education. Results indicated that
age and period effects were more pronounced in those with
low household education (Figure 4). Cohort effects were gen-
erally consistent. One notable difference is that the 1984—
1986 cohort had an increase in the cohort effect in the
NHIS data for those in the high educational strata only, al-
though the confidence interval was wide (3 =0.47, 95% CIL:
—1.49, 2.4) (Figure 5).

Sensitivity analyses

Because sensitivity analyses were conducted only in the
CCHS without comparison to the NHIS, we estimated wider
cohort groups to show a continuous trend line. Models indi-
cated no change in the underlying APC effects among those
with no diagnosed depression and no diagnosed anxiety
(Web Figure 1) and when using the K-10 score rather than
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K-6 score as the outcome (Web Figure 2). Similar to the main
analysis, in all sensitivity analyses, age effects peaked in young
adulthood and middle age (45-49 years), period effects de-
creased across waves of data collection, and cohort effects indi-
cated a general increase in psychological distress symptoms
among more recently born cohorts. When examining the CIDI-
SF as an outcome (Web Figure 2), we found that the age effect
peaked at 2024 years (3=0.21, 95% CI: 0.18, 0.24). Period
and cohort effects were similar. Finally, in Quebec, the only
province with K-6 measures in at least 3 waves, APC effects
were similar to those in the main analysis (Web Figure 3).

DISCUSSION

The present study estimates APC effects in nonspecific
psychological distress across the general population of Can-
ada in the last decade and in the United States across the last 2



1221-9121:(01)6L LY L0 folwepidT  wy

Table 2. Demographic Distribution of Psychological Distress® in the US General Population (n=447,058), 1997-2010

Characteristic

Psychological Distress in the US General Population by Year, mean K-6 score® (SE)

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Sex
Male 2.22(0.04) 2.05(0.04) 1.73(0.03) 1.87 (0.04) 2.29 (0.04) 1.89 (0.04) 1.92(0.04) 2.02 (0.04) 1.99(0.04) 1.94 (0.04) 1.84(0.04) 2.15(0.05) 2.25(0.05) 2.31(0.04) 2.24 (0.04)
Female 2.85(0.04) 2.73(0.04) 2.39(0.04) 2.48 (0.04) 2.92(0.05) 2.53 (0.04) 2.64 (0.04) 2.65(0.04) 2.64 (0.04) 2.56 (0.04) 2.41(0.04) 2.70(0.05) 2.77 (0.05) 2.83(0.04) 2.70 (0.04)
Age, years
18-20 2.60 (0.12) 2.68 (0.15) 2.30 (0.12) 2.37 (0.15) 2.68 (0.13) 2.23 (0.15) 2.17 (0.12) 2.36 (0.18) 2.48 (0.16) 2.30 (0.16) 2.33 (0.20) 2.76 (0.22) 2.61 (0.19) 2.61 (0.17) 2.40 (0.16)
21-25 2.79(0.09) 2.62(0.09) 2.30(0.08) 2.40 (0.09) 3.02 (0.10) 2.39 (0.09) 2.38 (0.11) 2.57 (0.10) 2.42(0.09) 2.25(0.09) 2.19(0.11) 2.56 (0.11) 2.65(0.10) 2.74 (0.09) 2.42 (0.09)
26-30 2.45(0.07) 2.43(0.07) 2.08 (0.07) 2.24(0.08) 2.57 (0.08) 2.02 (0.07) 2.35(0.08) 2.23(0.08) 2.20(0.08) 2.28 (0.09) 2.20(0.09) 2.36 (0.10) 2.68 (0.10) 2.75 (0.10) 2.31 (0.07)
31-35 2.51(0.07) 2.37 (0.07) 1.98 (0.07) 2.04(0.07) 2.54(0.08) 2.12(0.08) 2.21(0.07) 2.27 (0.08) 2.17(0.08) 2.21 (0.11) 2.14(0.08) 2.42 (0.10) 2.49 (0.09) 2.54 (0.09) 2.58 (0.08)
36-40 255 (0.07) 2.33(0.07) 2.09(0.07) 2.14(0.07) 2.68(0.08) 2.24 (0.07) 2.29 (0.08) 2.33(0.08) 2.31(0.08) 2.11(0.09) 2.11(0.09) 2.52(0.11) 2.61 (0.11) 2.68 (0.09) 2.42 (0.08)
41-45 2.63(0.07) 2.45(0.08) 2.19(0.08) 2.25(0.08) 2.53 (0.08) 2.25(0.08) 2.34 (0.08) 2.40 (0.08) 2.37 (0.07) 2.18 (0.10) 2.15(0.09) 2.40 (0.10) 2.86 (0.12) 2.57 (0.10) 2.55 (0.09)
46-50 2.61(0.08) 2.33(0.07) 2.20(0.08) 2.30(0.08) 2.75(0.09) 2.48 (0.09) 2.28 (0.09) 2.53(0.09) 2.39 (0.08) 2.40(0.09) 2.32(0.10) 2.53(0.10) 2.74(0.10) 2.67 (0.08) 2.68 (0.09)
51-55 2.74(0.09) 2.64(0.10) 2.22(0.09) 2.34 (0.10) 2.76 (0.09) 2.55 (0.11) 2.49 (0.08) 2.47 (0.09) 2.61 (0.09) 2.54 (0.11) 2.08 (0.10) 2.68 (0.11) 2.54 (0.10) 2.75 (0.11) 2.65 (0.09)
56-60 2.43(0.10) 2.40 (0.11) 2.06 (0.10) 2.08 (0.10) 2.77 (0.10) 2.35(0.10) 2.59 (0.11) 2.43(0.09) 2.41(0.09) 2.48 (0.11) 2.33(0.11) 2.55(0.11) 2.60 (0.11) 3.02 (0.11) 2.96 (0.11)
61-65 2.41(0.10) 2.02(0.10) 1.83(0.10) 1.95(0.10) 2.39 (0.11) 1.95(0.09) 2.19(0.10) 2.23 (0.10) 2.12(0.09) 2.27 (0.12) 2.13(0.14) 2.41(0.11) 2.38(0.10) 2.48 (0.10) 2.47 (0.09)
66-70 2.19(0.09) 2.06 (0.10) 1.71(0.11) 2.07 (0.12) 2.29 (0.10) 1.75(0.09) 1.97 (0.10) 1.96 (0.10) 2.01 (0.09) 1.95 (0.11) 1.83(0.12) 1.97 (0.11) 1.89(0.10) 2.16 (0.09) 2.21 (0.09)
71-75 2.14(0.10) 2.14(0.11) 1.53(0.09) 2.03(0.10) 2.24 (0.11) 2.03 (0.12) 2.06 (0.11) 1.94 (0.10) 2.07 (0.11) 2.00 (0.14) 2.01(0.14) 1.95(0.12) 1.96 (0.12) 1.92 (0.10) 2.09 (0.10)
76-80 255 (0.12) 2.36 (0.12) 1.88(0.10) 1.94 (0.11) 2.23(0.11) 1.81 (0.11) 1.92(0.12) 2.32(0.11) 2.39(0.13) 2.09 (0.14) 1.83(0.12) 2.00(0.13) 1.97 (0.12) 1.95(0.12) 1.91 (0.11)
>80 2.89(0.12) 2.73(0.13) 2.09(0.12) 2.19(0.10) 2.54 (0.11) 2.20(0.12) 2.25(0.11) 2.32(0.10) 2.44 (0.11) 2.19(0.11) 1.83(0.11) 2.42(0.14) 2.19(0.13) 2.12(0.09) 2.15(0.09)
Education
LessLharln high 3.48(0.07) 3.35(0.08) 2.67 (0.07) 2.99 (0.09) 3.50 (0.09) 2.95(0.08) 3.10(0.09) 3.28 (0.09) 3.23(0.08) 3.01(0.10) 2.74(0.09) 3.25(0.10) 3.29 (0.10) 3.46 (0.09) 3.48 (0.08)
schoo
Cor;wggtgld high 252 (0.05) 2.42(0.05) 2.15(0.05) 2.24 (0.05) 2.63 (0.05) 2.33 (0.06) 2.29 (0.06) 2.44 (0.05) 2.41(0.05) 2.31(0.06) 2.35(0.07) 2.60(0.07) 2.75(0.07) 2.78 (0.06) 2.73 (0.06)
Some 2.56 (0.05) 2.41(0.05) 2.15(0.05) 2.26 (0.06) 2.70 (0.06) 2.23 (0.05) 2.41(0.06) 2.39 (0.06) 2.40 (0.06) 2.46 (0.07) 2.21(0.07) 2.52(0.08) 2.66 (0.08) 2.74 (0.07) 2.58 (0.05)
it no degree.
Po%tsecondary 1.99 (0.04) 1.85(0.04) 1.65(0.04) 1.67 (0.04) 2.10(0.04) 1.77 (0.04) 1.81(0.04) 1.83(0.04) 1.82(0.04) 1.77 (0.04) 1.68 (0.04) 1.93 (0.05) 1.96 (0.04) 2.04 (0.04) 1.88(0.03)
egree

Abbreviation: K-6, 6-ltem Kessler Psychological Distress Scale; SE, standard error.
& Psychological distress varied across sex, age, and education at P<0.01.
b The K-6 indicates the frequency of 6 items related to nonspecific and nondiagnostic psychological distress experienced in the past 30 days (24, 25).
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Figure 1. A) Age, B) period, and C) cohort effects in psychological distress in the Canadian general population (n=126,306), 2000-2007, and the
US general population (n=447,058), 1997—2011. The intrinsic estimator (IE) estimate is the mean change in psychological distress associated with
a particular age-period-cohort group relative to the mean for all age-period-cohort groups combined. CCHS, Canadian Community Health Survey;
NHIS, National Health Interview Survey. Solid lines, IE estimates; dotted lines, 95% confidence intervals.

decades. In the United States, the oldest birth cohorts (born
1912-1914) demonstrate the highest levels of psychological
distress, with a decrease thereafter, a gradual increase from
cohorts born in the mid-1920s through the late 1970s, and
a decrease among cohorts born in the early- to mid-1980s.
In the CCHS, there is a general increase in psychological dis-
tress from cohorts born in the mid-1930s through the early- to
mid-1990s. We demonstrate these effects while factoring out
variance attributable to age and time period and demonstrate

Am J Epidemiol. 2014;179(10):1216-1227

consistency of the effect by sex and educational status and
among those with no history of doctor-diagnosed depression
or anxiety disorder. Taken together, these findings indicate
converging evidence for a change in the mean population
level of psychological distress across birth cohorts, with ev-
idence for higher overall risk in the very old and the very
young.

Of note, we see in these data countervailing effects for
some periods of time, with decreasing period effects at the
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Figure 2. A) Age, B) period, and C) cohort effects in psychological distress in the Canadian male population (n=57,161), 2000-2007, and the US
male population (n=195,636) 1997-2011. The intrinsic estimator (IE) estimate is the mean change in psychological distress associated with a par-
ticular age-period-cohort group relative to the mean for all age-period-cohort groups combined. CCHS, Canadian Community Health Survey; NHIS,
National Health Interview Survey. Solid lines, |E estimates; dotted lines, 95% confidence intervals.

same time cohort effects are increasing. Formal APC analy-
ses allowed for the detection of these types of countervailing
effects. Several previous longitudinal studies found no in-
crease in depressive symptoms in more recent cohorts (13,
14) and suggested that increases in prevalence based on clin-
ical visits are an artifact of increased ascertainment (1, 2, 4).
A previous study examining time trends in K-6 symptoms in
NHIS data from 1997 through 2004 documented little change
over time (5); however, we demonstrate that many of the

increases in K-6 scores occurred after 2004. The current
APC analysis suggests that prior findings of no change
over time could be caused in part by the balancing of negative
period effects with positive cohort effects.

Increases in psychological distress among younger birth
cohorts in Canada now aging into their 20s could indicate a
confluence of both macro-level social and environmental
factors in how young adults engage with each other and
with the broader environment. We note that we did not

Am J Epidemiol. 2014;179(10):1216-1227
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Figure 3. A) Age, B) period, and C) cohort effects in psychological distress in the Canadian female population (n=69,145), 2000-2007, and the
US female population (n=251,422), 1997—2011. The intrinsic estimator (IE) estimate is the mean change in psychological distress associated with a
particular age-period-cohort group relative to the mean for all age-period-cohort groups combined. CCHS, Canadian Community Health Survey;
NHIS, National Health Interview Survey. Solid lines, IE estimates; dotted lines, 95% confidence intervals.

have comparable data on birth cohorts in the United States,
and available data indicate that birth cohorts of the early
1980s did not show a similar increase in psychological dis-
tress. Nonetheless, speculation regarding the drivers of the
increase among young Canadians is potentially hypothesis
generating. For example, the global financial downturn in
economic activity in the past several years has been particu-
larly problematic for young adults emerging into the labor
market (32). Increases in psychological distress among

Am J Epidemiol. 2014;179(10):1216-1227

young Canadian adults could, in part, reflect financial stress.
Alternatively, or in addition, emerging research suggests that
young people who engage with online social media can have
elevated symptoms of anxiety and depression through in-
creased online cyber-bullying and perceptions of inadequacy
in comparison to peers (15—17, 25). Finally, there is evidence
of cohort effects in substance use, including binge drinking
(33), marijuana use (34, 35), and increasingly, the nonmedical
use of prescription medication (19, 36). Given correlations
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Figure 4. A) Age, B) period, and C) cohort effects in psychological distress in the Canadian population with lower household educational attain-
ment (n=78,629), 2000-2007, and the US population with lower household educational attainment (n=145,919), 1997—2011. The intrinsic esti-
mator (IE) estimate is the mean change in psychological distress associated with a particular age-period-cohort group relative to the mean for all
age-period-cohort groups combined. CCHS, Canadian Community Health Survey; NHIS, National Health Interview Survey. Solid lines, IE esti-

mates; dotted lines, 95% confidence intervals.

between substance use and depressive symptoms (29, 37), in-
creases in prescription drug use could be a potential driver of
the cohort effects in psychological distress, or vice versa. The
present study does not estimate the contribution of these fac-
tors; rather we document APC effects, allowing for genera-
tive hypotheses about how these effects may have arisen,
potentially through macro-level processes.

The age effects in psychological distress were similar be-
tween the 2 countries within the age overlap across studies,
though there was a peak in distress slightly earlier (at age
45-49 years) in the Canadian data compared with the US
data (at age 5054 years). In Canada, we were able to docu-
ment a late adolescent peak in psychological distress, consist-
ent with other research (6, 14, 38). Previous studies have

Am J Epidemiol. 2014;179(10):1216-1227
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Figure 5. A) Age, B) period, and C) cohort effects in psychological distress in the Canadian population with higher household educational attain-
ment (n=41,405), 2000-2007, and the US population with higher household educational attainment (n=86,007), 1997-2011. The intrinsic esti-
mator (IE) estimate is the mean change in psychological distress associated with a particular age-period-cohort group relative to the mean for all
age-period-cohort groups combined. CCHS, Canadian Community Health Survey; NHIS, National Health Interview Survey. Solid lines, IE esti-

mates; dotted lines, 95% confidence intervals.

indicated that psychological distress among women increases
in the late 40s, coincident with the perimenopausal period of
life (19). This is consistent with our evidence indicating that
the age effect in this life stage was more pronounced
among women than men. It is also possible that the interpre-
tation and meaning of psychological distress questions change
across ages; thus, measurement invariance underlying at least
some of these effects is possible.

Am J Epidemiol. 2014;179(10):1216-1227

Period effects were also consistent across the 2 studies
within the time period that overlapped between studies. In
the Canadian data, distress symptoms were highest in
2000-2001, and the period effect decreased thereafter through
2007. In the US data, we see the same decreased period effect
over the same period, but unlike in the Canadian data, we are
able to contrast the trend across the early- to mid-2000s with
trends before and after that period. It seems reasonable to
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hypothesize that the attack on the World Trade Center on Sep-
tember 11, 2001, may at least in part underlie this period effect
(39). However, most of the interviews for both studies were con-
ducted prior to September 2001, suggesting that the World
Trade Center attacks may not be a full explanation. The US
data also indicate increasing period effects from 2007 to
2010; these increases are coincident with the major financial
crises in the United States and subsequent economic recession.

More broadly, whereas APC analyses are descriptive and
do not test specific mechanistic hypotheses, they suggest the
potential importance of social, economic, and cultural envi-
ronments in shaping mental health. There is an increasing
focus in research on identifying the neurobiological and ge-
netic underpinnings of depression and other mental health
outcomes, drilling down to understand the molecular and bi-
ological roots of these disorders. Although identification of
these micro-level mechanisms is important, we suggest that
a complementary focus on the macro-level exposures that
create broad population shifts in outcomes, such as depres-
sive and anxiety symptoms, is also important for 2 reasons.
First, macro-level exposures that drive shifts in population
prevalence over time may be crucial causes of psychological
distress to identify for prevention and intervention (40) but
are difficult to quantify in traditional studies because they
are ubiquitous in the population at any 1 point in time. Sec-
ond, quantifying risks associated with such macro-level ex-
posures may be important for the prediction and forecasting
of future trends in mental health outcomes (41).

Limitations of the studies are noted. First, in the CCHS, not
all provinces included measures of psychological distress at
all waves, and there were differences in mean psychological
distress across provinces. We addressed this analytically by
factoring out variance due to province from the estimates
by using linear regression, but we note that some residual
confounding due to province is possible. Second, psycholog-
ical distress is based on self-report of the respondents rather
than clinical diagnoses in both studies. However, the K-6
scale is widely used, well validated, and reliable (5, 24,
25). Further, we were able to document similar effects using
alternative outcomes in the CCHS, including the K-10 and
CIDI-SF depressive symptom scales.

The substantial strengths of this study mitigate the limita-
tions. The present study is the largest to date to examine
APC effects in psychological distress. Data are drawn from 2
countries containing a diverse array of provinces and subpop-
ulations. Our data indicate that individuals in the oldest cohorts
(in the United States), as well as more recently born cohorts (in
Canada), have higher psychological distress, signaling a poten-
tial need for the promotion of treatment resources. At the same
time, overall levels of psychological distress are also increasing
in the population, based on US data after 2007, suggesting that
broad macro-level mechanisms that negatively affect mental
health should be measured and incorporated into ongoing sur-
veillance efforts.
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