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Background. The purpose of this paper is to describe variation, over the months of the year, in major depressive epi-
sode (MDE) prevalence. This is an important aspect of the epidemiological description of MDE, and one that has
received surprisingly little attention in the literature. Evidence of seasonal variation in MDE prevalence has been
weak and contradictory. Most studies have sought to estimate the prevalence of seasonal affective disorder using
cut-points applied to scales assessing mood seasonality rather than MDE. This approach does not align with modern
classification in which seasonal depression is a diagnostic subtype of major depression rather than a distinct category.
Also, some studies may have lacked power to detect seasonal differences. We addressed these limitations by examining
the month-specific occurrence of conventionally defined MDE and by pooling data from large epidemiological surveys
to enhance precision in the analysis.

Method. Data from two national survey programmes (the National Population Health Survey and the Canadian
Community Health Survey) were used, providing ten datasets collected between 1996 and 2013, together including
over 500,000. These studies assessed MDE using a short form version of the Composite International Diagnostic
Interview (CIDI) for major depression, with one exception being a 2012 survey that used a non-abbreviated version
of the CIDI. The proportion of episodes occurring in each month was evaluated using items from the diagnostic mod-
ules and statistical methods addressing complex design features of these trials. Overall month-specific pooled estimates
and associated confidence intervals were estimated using random effects meta-analysis and a gradient was assessed
using a meta-regression model that included a quadratic term.

Results. There was considerable sampling variability when the month-specific proportions were estimated from indi-
vidual survey datasets. However, across the various datasets, there was sufficient homogeneity to justify the pooling of
these estimated proportions, producing large gains in precision. Seasonal variation was clearly evident in the pooled
data. The highest proportion of episodes occurred in December, January and February and the lowest proportions
occurred in June, July and August. The proportion of respondents reporting MDE in January was 70% higher than
August, suggesting an association with implications for health policy. The pattern persisted with stratification for
age group, sex and latitude.

Conclusions. Seasonal effects in MDE may have been obscured by small sample sizes in prior studies. In Canada, MDE
has clear seasonal variation, yet this is not addressed in the planning of services. These results suggest that availability
of depression treatment should be higher in the winter than the summer months.
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The literature contains many attempts to estimate
the prevalence of seasonal affective disorder (SAD).
A systematic review of this literature published by

Magnusson in 2000 concluded that seasonal variation
in mood had been ‘documented thoroughly’
(Magnusson, 2000) but most of the studies identified
used a measure of seasonal mood variability, or season-
ality, the Seasonal Pattern Assessment Questionnaire
(SPAQ) (Mersch et al. 2004) rather than an assessment
of major depressive episode (MDE). Longitudinal studies
have generally found that only a minority of SAD cases
have a persistent seasonal pattern (Sakamoto et al. 1995;
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Thompson et al. 1995; Schwartz et al. 1996; Cobb et al.
2014). Furthermore, the paradigmatic treatment for
SAD (light therapy) is not specific to SAD but is also effi-
cacious in non-seasonal MDE) (Tuuanainen et al. 2004;
Young, 2011). Consequently, and despite arguments
encouraging its inclusion (Rosenthal, 2009), SAD does
not appear in DSM-5. Rather, the seasonal pattern
remains a specification code for the course of major
depressive disorder (and bipolar disorder). Rosenthal’s
original definition required a history of major affective
disorder and at least two consecutive years in which
depression developed during the fall or winter and
then remitted during the following spring or summer
(Rosenthal et al. 1984). This definition is broader than
the course specifier in DSM-5 (American Psychiatric
Association, 2013), which requires that seasonal epi-
sodes (those having onset and remission at characteris-
tic times of the year) occur in at least two consecutive
years without non-seasonal episodes and also requires
that, over the lifetime, seasonal episodes ‘substantially
outnumber’ non-seasonal ones. With the DSM-5 speci-
fier, seasonal episodes judged secondary to seasonal
stressors (e.g. unemployment) are not counted. DSM-5
does not require fall or winter onset.

Published estimates of SAD prevalence, usually based
on the SPAQ, are organised differently than the nos-
ology used in clinical practice since the SPAQ assesses
retrospectively reported seasonality rather than MDE
prevalence. Prevalence estimates based on such defini-
tions do not provide a complete description of the epi-
demiological influence of season on MDE prevalence.

Another set of studies have examined seasonal vari-
ation in symptom levels using conventional instru-
ments, with or without SPAQ ratings. Such studies,
as a group, have produced inconsistent results. For
example, one of the largest studies (Oyane et al. 2008)
found that seasonality, as assessed by global seasonal-
ity scores from the SPAQ, was associated with elevated
depressive symptom ratings irrespective of the month
in which the interviews were conducted. Elevated
symptoms (measured using the Hospital Anxiety and
Depression Scale) were identified in the November to
March interval, but only in a subgroup of respondents
having low to moderate levels of seasonality. Michalak
et al. (2004) used data from the ODIN study to examine
seasonal variation in Beck Depression Inventory rat-
ings. No consistent evidence of substantial seasonal
variation was found in any of the participating
European countries. Winthorst et al. (2011) analysed
data from the NESDA study in the Netherlands, exam-
ining cross-sectional ratings collected using a variety of
instruments. No prominent or consistent seasonal pat-
terns were found. While most studies have used cross-
sectional data and were thus limited in their analysis to
an examination of between person effects, Kerr et al.

(2013) used longitudinal data from two panel studies
(called the Oregon Youth Study and the Family
Transitions Project) to also examine within-person pat-
terns. They found statistically significant within-
person seasonal variation, but with a small effect size
(less than half a point on the CES-D rating scale).
The effect was visually imperceptable when plotted
across the full range of scores.

A series of national surveys conducted by Statistics
Canada since the mid-1990s examined MDE prevalence
in the Canadian household population. The instrument
used to assess MDE in most of these surveys was the
Composite International Diagnostic Interview short
form for major depression (CIDI-SFMD) (Kessler et al.
1998) with the exception of one survey conducted in
2002 (the Canadian Community Health Survey 1.2, or
CCHS 1.2) which used a version of the WHO Mental
Health (WMH)-CIDI (Kessler & Ustun, 2004). The
CIDI-SFMD was developed using data from the
National Comorbidity Survey using a receiver operator
analysis designed to detect a subset of CIDI items most
highly predictive of MDE. If five symptom-based
CIDI-SFMD items are endorsed, the instrument has a
90% positive predictive value for MDE (Kessler et al.
1998). The WMH-CIDI is currently the most widely
used fully structured diagnostic instrument in psychiatric
epidemiology.Although theWMH-CIDI ismore compre-
hensive, the two instruments produce comparable esti-
mates although prevalence estimates arising from the
CIDI-SFMD may be slightly higher (Patten et al. 2014).
Both instruments included items asking about the
month of occurrence of MDE. The Statistics Canada sur-
veys had similar sampling frames, based largely on an
area frame from an ongoing national survey programme
called the Labour Force Survey. This, combined with the
similarity of measurement strategies suggests sufficient
methodological homogeneity to justify pooling of the
data. This provides an opportunity to overcome the sam-
ple size limitations and imprecision of prior estimates
while also applying a conventional definition of MDE to
the question of seasonal variation.

The objective of this study was to precisely estimate
the proportion of MDE occurring in specific months of
the year in order to more decisively determine the
existence of seasonal variation and, if present, to
describe the magnitude of seasonal effects on MDE.

Material and methods

Data sources

This study used data from two sources. The first was
the National Population Health Survey (NPHS)
(Statistics Canada, 2013), a longitudinal survey that
began with a sample of 17 276 in 1994 and produced
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cross-sectional data files in 1996 and 1998. The ability to
produce cross-sectional data files from a longitudinal
study arises from three factors: (1) the sample (which
included respondents aged 12 and over) was ‘refreshed’
by inclusion of children aged 0–11 during initial sam-
pling but who became old enough (age 12+) to partici-
pate by the time of a subsequent interview, (2) several
provinces had expanded ‘buy-in’ samples in 1996 and
(3) sampling weights and replicate bootstrap weights
for variance estimation were recalculated for use in
cross-sectional estimation in 1996 and 1998, ensuring
representation of the national household population.
A second data source was a series of general health sur-
veys called the CCHS (Statistics Canada, 2011). The
CCHS program uses cross-sectional samples representa-
tive of the national household population, producing a
new dataset approximately every 2 years. As noted
above, both the NPHS and CCHS used similar sam-
pling strategies (multiple-stage, area frame supplemen-
ted by random digit dialling, clustered sampling) and
measurement strategies (the CIDI-SFMD, with one
exception as noted above). There were eight such
CCHS surveys conducted between 2001 and 2013 that
could be included in the current analysis, together
with the two cross-sectional samples from the 1996
and 1998 NPHS. It is important to note that in the
CCHS the CIDI-SFMDwas usually included as optional
content, meaning that it was included in the survey
interview only in some provinces. However, we are
aware of no evidence that MDE prevalence differs by
province in Canada.

The CIDI-SFMD has an item that asks respondents
reporting depressive symptoms about the timing of
occurrenceof their symptoms. This item followed the ser-
ies of symptom-based items (covering the occurrence of
various depressive symptoms in the same 2-week period
during theprior 12-months) andhad the followingword-
ing: ‘Think about the last time you felt this way for 2
weeks or more in a row. In what month was that?’ In
this analysis, we restricted the assessment of month
depressed to those achieving the 90% predictive prob-
ability level on the CIDI-SFMD, which means that they
reported five of the nine symptom-based criteria roughly
equivalent to those required byDSM-IIIR, IV andDSM-5
for major depressive episode. The relevant item in the
CCHS 1.2 was preceded by this preamble: ‘In the next
questions, the word ‘episode’ means a period lasting 2
weeks or longer when, nearly every day, you were (at
this point the interviewer summarises key phrases) and
you also had some of the other problems we just men-
tioned. The end of an episode is when you no longer
have the problems for 2 weeks in a row. With this defin-
ition inmind, howmanydifferent episodes did youhave
in the past 12 months?’When there was a single episode
this was followed by ‘In what month and year did that

episode start?’ If there were multiple episodes the most
recent episode was referenced.

Pooled analyses of survey datasets are complicated
due to the design effects that necessarily occur in
large-scale population surveys. The data sources used
in this study had multi-stage sampling strategies that
had differing probabilities of selection and involved
clustering. Replicate bootstrap sampling weights
must be used to offset these effects in these datasets
(Statistics Canada, 2011). Each survey estimate there-
fore incorporated the proper replicate bootstrap proce-
dures and subsequently meta-analytical methods were
used for pooling to improve precision.

Statistical analysis

The pooling procedure followed the following steps.
First, the datasets from the individual surveys were
restricted to the subset in each survey having a 90%prob-
ability of past-yearMDEaccording to theCIDI-SFMD(or
in the case of the CCHS 1.2 had a single episode of MDE
in the preceding year). Next, the proportions reporting
depression in each month were tabulated. These month-
specific estimates were then pooled using the ‘metan’
command in Stata Corporation 13 (2013). Initially, forest
plots were produced and meta-regression was used to
confirm an absence of secular effects. To provide an add-
itional perspective, time was represented in meta-
regression models as years since the initial assessment
of MDE prevalence in the datasets examined (which
was 1996). This meant that the intercept term in this
meta-regression’s linear equation represented a baseline
estimate (1996), and the slope term represented change
per year. The statistical significance of this slope term
(in a random effects meta-regression) was used to test
for secular trends in prevalence. A meta-regression
model containing an indicator for measurement instru-
ment was used to assess differences due to use of the
WMH-CIDI in the CCHS 1.2. Tests of homogeneity
based on the I2 statistic and an associated χ2 test were
used to examine heterogeneity prior to pooling. The
month-specific proportions were then pooled across the
ten surveys. Finally, the pooled estimates of month-
specific proportions of MDE were examined using bar
graphs in order to depict the pattern. The bars repre-
sented the per cent of episodes occurring in that month.
95% confidence intervals were added to the bars. As
the observed pattern had a parabolic shape, its statistical
significancewasassessedbyaddition of amonth2 term to
a meta-regression model in which months were num-
bered 0 (January) to 11 (December) and a month and
month2 term was included. Because two of the surveys
(the 1996 and 1998) included some of the same respon-
dents (as the NPHS was partially a longitudinal survey,
about 20% of the 1996 sample were also included in
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1998) a sensitivity analysiswas conductedwith exclusion
of the 1998 dataset.

The CIDI-SFMDitem inquiringabout the timingof epi-
sodes had an inherent ambiguity. The item (see above)
asked about the month of a depressive episode in a way
(‘last time you felt this way’) that implies the most recent,
or perhaps final, part of an episode. Since many depres-
sive episodes last longer than 1 month, the analysis was
repeated with stratification by the number of reported
weeks depressed in the past year: 2–4 weeks, 5–12
weeks and 13+ weeks. Since there is little ambiguity
about the month of occurrence of 2–4-week episodes,
this approachwas used to explorewhether therewere dif-
ferences in the patterns of the short and longer episodes.

Stratification was performed on several individual
characteristics: sex (male, female), age group (12–24,
25–44, 45+), and latitude category, in approximate ter-
tiles (42–47.9 degrees, 48–52.9 degrees and 53+
degrees). In keeping with the individual-level meta-
analytical methods employed, a two-stage procedure
was used in stratification. This meant that the stratifi-
cation occurred with each dataset and the stratified
estimates were then pooled, following the same steps
described above, including the testing of a month2

term in the meta-regression analyses within the strata.
All analyses were conducted in the Prairie Regional
Data Centre in Calgary. Under Canadian ethical guide-
lines, ethical approval is not required for analyses of
this type (Interagency Advisory Panel on Research
Ethics (Tri-Council Panel on Ethics, 2014)).

Results

Table 1 summarises the number of available observa-
tions for each of the outcome variables in each survey
cycle for the CCHS and NPHS surveys. Data from
approximately half a million respondents could be
included in the analysis.

No evidence of secular trends in any of the seasonal
proportions was found. The smallest p-value for trend
over time (meta-regression slope, by year) was seen in
the November estimates (p = 0.07) with the second smal-
lest being that for March (p = 0.28). In the absence of any
evidence of secular trends these are not discussed further
in the presentation of results. Similarly, no significant
differences based on measurement instrument were
found in the meta-regression analyses. I2 was slightly
over 50% in two of the meta-analyses: September
(53%) and October (54%). The heterogeneity χ2 was sig-
nificant in these same 2 months (September χ2 = 19.21,
df = 9, p = 0.023; October χ2 = 19.63, df = 9, p = 0.020).
The overall pooled results are displayed in Fig. 1,
which depicts substantial seasonal variations. In keeping
with the visual impression, a month2 meta-regression

term’s coefficient (0.0013) was highly significant (p <
0.001). The coefficient did not change with removal of
the 1998 dataset, and it remained significant (p <
0.001). With stratification for sex, the same pattern was
seen in men and women (see Fig. 2) and the month2

term was again significant in a meta-regression model
both for men and women (both, p < 0.001).

Figure 2 was reproduced with stratification by
weeks depressed in the last year. Three strata were
used: 2–4 weeks, 5–12 weeks and 13+ weeks. The
results are presented in Fig. 3. A very similar pattern
is seen irrespective of the reported duration of symp-
toms, and the statistical significance of the quadratic
meta-regression model term remained in each of the
three strata, all p-values <0.001 (Fig. 3).

A very similar pattern was also seen in three age
strata (see Fig. 4). Again, each of the quadratic terms
was highly significant (both p < 0.001).

Because of the possibility that seasonal variations
might be more pronounced at higher latitudes, the esti-
mates were stratified according to latitude as well.
Again, a similar pattern was seen in each of the three
latitude strata examined; see Fig. 5. The figure provides
no suggestion of a steeper seasonal gradient in more
northerly latitudes, although for reasons of precision,
the strata are broad, for example, Edmonton is located
at 53.5° latitude and therefore falls into the most north-
erly stratum; yet, Edmonton is not located in the far
north. Again, the quadratic meta-regression term was
significant in each stratum (all p < 0.001, except for the
most northerly stratum, where p = 0.001).

Discussion

The substantial seasonal variation seen in this study
suggests that the burden of MDE is greater in the winter

Table 1. Sample size and number with CIDI-SFMD assessments
for the pooled analysis

Survey Total survey sample CIDI-SFMD*

NPHS 1996 73 402 70 538
NPHS 1998 15 249 14 781
CCHS 1.1 131 535 128 182
CCHS 1.2 36 984 36 789
CCHS 2.1 135 573 50 751
CCHS 3.1 132 947 68 389
CCHS 2007/08 131 959 46 739
CCHS 2009/10 124 870 58 128
CCHS 2011/12 125 645 21 636
CCHS 2013 64 346 20 978
Total 972 510 516 911

*The CCHS 1.2 used the WMH-CIDI.
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months than in the summer months in Canada. The
results appear to apply equally to men and women,
and across several age strata. The lack of association
with latitude is surprising since seasonal effects are
believed due to a lack of light in winter (Magnusson,
2000). However, due to the clustering of the Canadian
population in a relatively narrow band along the south-
ern part of the country, the analysis may have lacked
power to detect latitude-related effects. These findings
add to a literature of related studies documenting sea-
sonal variation in depressive episodes. For example,
an analysis of Collaborative Depression Study data
found a small seasonal variation in symptom burden
and time of relapse in a clinical cohort of 298 patients
diagnosed with unipolar depression according to
Research Diagnostic Criteria and followed over 10

years (Cobb et al. 2014). In related analysis, similar
results were reported for Bipolar disorders, although
they were only significant for the Bipolar I subtype
(Akhter et al. 2013). Another study by Schwartz et al.
(1996) found a u-shaped pattern of mood ratings in a
clinical sample with SAD.

Themain implications of these findings pertain to the
availability of clinical services for MDE. Although there
is no tradition of offering seasonal mental health ser-
vices, at least not in Canada, these data suggest that a
greater volume of services may be needed to meet
these needs in the winter as opposed to the summer
months. This kind of statement is more strongly sup-
ported by the current analysis than by SPAQ studies
of seasonal mood variation since the latter are less
closely aligned with conventional clinical definitions

Fig. 1. Proportion of MDE by month, data pooled over 10 surveys. Error bars are 95% confidence intervals. The black line is a
meta-regression model: prevalence of MDE = 0.112 + 0.0157*month + 0.00132*month2 where month is numbered 0 (January) to 11
(December).

Fig. 2. Proportion of MDE by month, data pooled over 10 surveys and stratified by weeks depressed in the past year.
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such as that for MDE. The ratio of the highest propor-
tion (January, 10.9%) to the lowest proportion (August
6.3%) is 1.7. Assuming a 2% overall point prevalence
(Patten et al. 2006), these ratios imply a point preva-
lence of 2.7% in January compared with 1.5% in
August. The small peak in prevalence in the 12–
24-year-old age group in September (see Fig. 4) may
potentially represent stresses associated with the
start of the school year.

This study has several strengths including its use of
ten different samples, each representative of the

national household population. These surveys used
similar methods of assessment of MDE, which is also
a strength. The procedures used to pool these estimates
are widely used and are able to accommodate the com-
plex design features of these studies. The extent of het-
erogeneity could was accommodated using a random
effects approach.

There are several limitations to the reported analysis.
First, the surveys in question used a short-form version
of a fully structured diagnostic interview, which is likely
to be less accurate than the full version of the CIDI, and

Fig. 3. Proportion of MDE by month, data pooled over 10 surveys and stratified by weeks depressed in the past year.

Fig. 4. Proportion of MDE by month, data pooled over 10 surveys and stratified into three age groups.
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certainly less accurate than a detailed clinical assess-
ment. However, the CIDI-SFMD produces realistic
prevalence estimates, generally only slightly higher
than the full CIDI (Patten et al. 2014). Also the basis of
the 90% predictive probability on this instrument is
the endorsement of five depressive symptoms occurring
in the same 2-week period in the past year, roughly,
mapping to the DSM ‘A’ criterion. This supports its
face validity. The CIDI-SFMD was not administered
to all provinces in each survey. However, in the
absence of firm evidence of inter-provincial differ-
ences in depression prevalence this is unlikely to act
as a confounding variable. Another limitation is that
the available data do not allow estimation of prevalence
by month. Rather, the surveys assessed the proportion
of those depressed in each year who reported that
their depression occurred in a specific month. It may
be noted that the two datasets arising from the NPHS
are not entirely independent of one another since they
included some of the same people; however, repeating
the analysis without the 1998 dataset did not change
the results. The 1996 cross-sectional NPHS file had a
large buy-in component resulting in a larger sample
size (see Table 1) so the two datasets are actually largely
independent of one another. All of the CCHS surveys
used independent samples. Finally, the CIDI-SFMD
does not distinguish between situations in which there
are single or multiple past-year episodes.

In general, these results are consistent with the idea
that the sample size limitations and consequent impre-
cision has created a difficulty discerning seasonal pat-
terns when conventional measurement strategies are
used. Nevertheless, a clear pattern emerged with pool-
ing of the different surveys. Other approaches that

provide access to large samples, such as studies of hos-
pital admissions (Suhail & Cochrane, 1998) or Google
searches (Yang et al. 2010) have identified seasonal
trends, partially corroborating these results.

Finally, it should be acknowledged that since these are
cross-sectional estimates, they do not necessarily reflect
differences in risk. Prevalence is approximately equal to
the product of incidence and mean duration. As a result,
the pattern could conceivably represent seasonal differ-
ences in prognosis rather than risk. Aetiological implica-
tions of these findings should also be a focus of future
studies since the seasonal variationmay reflect biological,
psychological or social determinants of MDE.
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