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It is a common and well-spread belief that people feel more depressed when the weather is bad. However,
whether meteorological factors such as temperature, sunshine and rainfall can actually account for variations
in the prevalence of depression in the general population has yet to be investigated. We aimed to assess the
influence of weather conditions on the seasonal variation of depression observed in the general population.
We used data from a large-scale depression-screening programme in the south of the Netherlands. Seasonal
prevalence of DSM-IV classified major depression and sad mood in a sample of 14,478 participants from the
general population was calculated, and linked to mean daily temperature, duration of sunshine and duration
of rainfall in logistic regression analyses. The prevalence of major depression and sad mood showed seasonal
variation, with peaks in the summer and fall. Weather conditions were not associated with mood, and
did not explain the seasonal variation we found. We conclude that, contrary to popular belief, weather
conditions and sad mood or depression do not seem to be associated. Future studies might use daily
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measures of well-being as outcome.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The seasonal variation of depressive symptoms has received a
considerable amount of attention in recent years. A specific form of
seasonality, seasonal affective disorder (SAD) (Rosenthal et al., 1984),
also known as winter depression, appears to be relatively common
(Magnusson, 2000). Seasonality also seems to be associated with
increased suicide counts (e.g. (Page et al, 2007), and depressive
symptoms in the general population are reported to vary monthly
(Harmatz et al., 2000; Oyane et al., 2008; Stordal et al, 2008), although
other studies failed to find seasonality (de Graaf et al., 2005). While a
peak prevalence of depression is usually reported during the winter
months (Harmatz et al., 2000; Magnusson, 2000; Morken et al., 2002;
Murase et al., 1995; Nayyar and Cochrane, 1996; Oyane et al., 2008),
other population studies demonstrate symptom peaks during spring
(Nayha et al., 1994; Stordal et al., 2008), summer (Ozaki et al., 1995)
and fall (Stordal et al., 2008).

But what exactly is it that accounts for the presumed seasonality of
depressive symptoms? For obvious reasons, meteorological factors
such as temperature, sunshine and rainfall seem good candidates.
In fact, it is a common and well-spread belief that people become
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‘depressed’ when the weather is bad, and feel happy when the sun is
shining (Watson, 2000).

However, strong empirical evidence for such an association is
lacking (for areview, see (Watson, 2000)). An earlier study among 126
SAD patients showed that increases in (hours of) sun time, day length
and temperature were associated with lower depression scores, while
(hours of) rainfall was not significantly associated (Molin et al., 1996),
but these findings cannot be generalized to other populations. Watson
reviewed data collected in 478 students, and found that mood was
unrelated to (hours of) sunshine and rain (Watson, 2000). Whether
meteorological factors can actually account for seasonal variations of
depression observed in the general population has yet to be inves-
tigated. We aim to do so, and clarify these relations in the present
study.

2. Methods
2.1. Design and participants

We report data from a large-scale screening programme that we conducted in the
south of the Netherlands (latitude 51°15’'N) to recruit participants for a depression
treatment study. From December 2005 to June 2007, 217,816 individuals (age 18-65)
randomly selected from the general population were sent an invitation letter to
complete a screening questionnaire via the Internet. Six municipalities cooperated by
providing names and addresses of their residents. Every week, a batch of 2000 to 3000
letters was sent out. In total 23,392 individuals responded (response rate 11%) over the
course of 18 months and completed the large Internet-based screening questionnaire.
For the present analysis, we used data collected in the first 12 months, from 1
December 2005 to 1 December 2006, in which 14,478 responders (response rate 11%)
from the general population completed the screening questionnaire on the Internet.
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2.2. Measures

2.2.1. Diagnostic Inventory for Depression

The Diagnostic Inventory for Depression (DID) is a 38-item self-report scale
designed to measure DSM-IV symptom inclusion criteria for a major depressive episode
(Zimmerman et al., 2004). The DID consists of 19 symptom severity items, three
symptom frequency items, seven items measuring interference in daily functioning due
to depression and nine quality-of-life items. Specified cut-offs to determine the
presence or absence of each DSM-IV criterion can be used to diagnose a major
depressive disorder. Psychometric properties of the DID are good in terms of internal
consistency, test-retest reliability, convergent and discriminant validity, and diagnostic
performance (Sheeran and Zimmerman, 2002; Zimmerman et al., 2006).

2.2.2. Classification of depression status

Participants were classified as major depressive disorder (MDD) cases if they
reported the presence of one of the DSM-IV key symptoms (depressed mood and/or
anhedonia) and four or more DSM-IV depressive symptoms, as measured with the DID.
Participants were classified as suffering from a sad mood if they responded positively
(i.e., a score of 2 or more) on the corresponding item of the DID (“During the past week,
have you been feeling sad or depressed?”).

2.2.3. Meteorological factors

The Royal Dutch Meteorological Institute (KNMI, www.knmi.nl) in the Netherlands
provided data on mean daily temperature (in degrees Celsius), daily duration of
sunshine (in hours) and daily duration of rainfall (in hours) for every day of the study
period in the south of the Netherlands. Data were collected at the regional weather
station in Beek, Limburg, between 1 December 2005 and 1 December 2006.

2.2.4. Meteorological season

According to the meteorological season calendar, spring begins on March 1,
summer on June 1, autumn on September 1 and winter on December 1. Classification of
season was based on the date on which the questionnaire was filed out.

2.2.5. Other variables

Other variables included age, gender, education and marital status. Educational
attainment was classified as high (e.g., university), medium (e.g., vocational training), low
(e.g., elementary school).

2.3. Statistical analysis

We calculated the seasonal prevalence of major depressive disorder (MDD) and sad
mood, and used chi-square tests to test for seasonal variation (based on season), in the
total sample and stratified by gender, since many studies have observed large gender
differences in depression.

We then used stepwise logistic regression analyses to test whether the
meteorological factors temperature, duration of sunshine and duration of rainfall
were associated with MDD (yes=1, no=0) and sad mood (yes=1, no=0) in the
general population, controlling for meteorological season. In a first step, univariate
associations were calculated by linking the mood status of responders to the meteo-
rological factors on the day of response. In a second step, all three meteorological
factors were entered simultaneously in a multiple logistic regression model, together
with meteorological season. We also adjusted for age, gender, education and marital
status in a third step, but since this did not alter our findings, we left these factors out of
our analyses. All analyses were carried out using SPSS (version 12.0 for Windows).

3. Results
3.1. Demographic characteristics

In total 14,478 individuals completed our screening questionnaire
of the Internet in the first 12 months of the study period. Response
rates across the seasons were fairly comparable (11%,10%, 11% and
12%, for respectively spring, summer, fall and winter). Mean age (S.D.)
in the sample was 43.7 years (12.6), and 8208 (56.1%) of the par-
ticipants were female. Educational attainment (high, medium, low)
was, respectively, 34.9, 50.6, and 14.5%, while 17.6% was single, 75.4%
had a partner and 7% was divorced or widowed. We compared these
and other demographic variables of our responders to the population
in the southern part of the Netherlands (Statistics Netherlands; www.
cbs.nl), and found no major discrepancies, suggesting that our sample
is representative for the general population in the south. We also
investigated the association between response rate and meteorolog-
ical factors in ancillary linear regression analyses, but found no signif-
icant or meaningful findings.

Table 1
Mean (S.D.) temperature, sunshine and rainfall over the seasons.

Daily duration
rainfall, in hours

Daily temperature,
in degrees Celsius

Daily duration
sunshine, in hours

Spring 94 (5.3) 46 (3.5) 2.1 (29)
Summer 18.4 (4.4) 6.5 (4.8) 09 (1.7)
Fall 13.7 (4.8) 37 (32) 14 (22)
Winter 22 (32) 1.7 (2.4) 1.7 (2.9)

3.2. Seasonal prevalence

In Table 1, mean temperature, sunshine and rainfall for every
season is shown. In Figs. 1 and 2, the seasonal prevalence of major
depression and sad mood is displayed. Prevalence of major depression
and sad mood differed significantly over the seasons in the total
sample and in men and women (P<0.01), except for the prevalence of
major depression in women (P= 0.30). The peak prevalence of major
depression in the total group was observed in the summer (for men:
summer; for women: fall), while the peak prevalence of sad mood was
observed in the fall (for men: summer; for women: fall). Spring and
winter had the lowest prevalence of major depression and sad mood.

3.3. Meteorological determinants of major depressive disorder and sad
mood

In Tables 2 and 3, results from our logistic regression analyses are
displayed. Odds ratios for the univariate association between the
meteorological determinants temperature, sunshine and rainfall and
the outcome major depression were all estimated at 1 (Table 2),
indicating no association whatsoever between the weather and the
prevalence of major depression that day. These odds ratios remained
unchanged in a multiple regression model, controlling for meteoro-
logical season and the other determinants.

Results from our analyses with sad mood as the outcome variable
were almost identical (Table 3).

In ancillary analyses (results not shown), we associated a variety of
meteorological determinants (mean daily scores of temperature,
sunshine and rainfall; mean weekly scores of temperature, sunshine
and rainfall; mean monthly scores of temperature, sunshine and
rainfall (in accordance with the sad mood item of the DID); mean
quarterly scores of temperature, sunshine and rainfall; mean monthly
and quarterly scores of temperature, sunshine and rainfall preceding
the date the screening questionnaire was completed, in different time
lags of 1, 3 and 6 months) and associated them with a variety of
outcomes (MDD status; sad mood status; mean severity of depression
according to the DID), in the total sample and stratified by gender. We
also investigated interaction effects of weather conditions and season
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Fig. 1. Prevalence of major depression (%), in total sample (n=14.478) and by gender.
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Fig. 2. Prevalence of sad mood (%), in total sample (n=14.478) and by gender.

on mood. No association was found between meteorological factors
and mood status in these analyses.

4. Discussion
4.1. Main findings

The prevalence of major depression and sad mood varied over the
seasons in our sample, with seasonal peaks in the summer and fall of
2006. Men had seasonal peaks of major depression and sad mood in
the summer, while women had seasonal peaks in the fall.

We then examined the influence of daily weather conditions on
the prevalence of major depression and sad mood in the general
population, and found that there was no association between the
weather and mood. Odds ratios for temperature, sunshine and rainfall
as determinants of major depression or sad mood were all estimated
at 1, indicating no relation at all, with very small confidence intervals,
indicating these estimates are very precise. In multiple regression
models, the odds ratios for weather conditions remained unchanged,
while the odds ratios for season indicating seasonal prevalence
variation also remained intact, suggesting that none of the meteoro-
logical factors in this study is accountable for the seasonal variations
in mood that were observed. Ancillary analyses proved these findings
to be robust.

4.2. Previous studies

Although seasonal peaks reported in the literature differ, they are
usually reported during winter (Harmatz et al., 2000; Magnusson, 2000;
Morken et al.,, 2002; Murase et al., 1995; Nayyar and Cochrane, 1996;
Oyane et al., 2008). We found seasonal peaks in the summer and fall, in
accordance with a Japanese study from Ozaki et al. (1995) and a
Norwegian study from Stordal et al. (2008). We also found different
peaks for men and women, in accordance with an earlier study reporting
gender differences in seasonal peaks of depression-related hospital

Table 2
Meteorological determinants of MDD in the general population (n=14.478).

Univariate association
OR (95% CI)

1.00 (1.00-1.00)
1.00 (0.99-1.00)
0.99 (0.99-1.00)

Multiple model
OR (95% CI)

1.00 (0.99-1.00)
1.00 (0.99-1.00)
0.99 (0.99-1.00)

Mean daily temperature
Daily duration of sunshine
Daily duration of rainfall
Meteorological season

Summer vs. spring

Fall vs. spring

Winter vs. spring

1.32 (1.13-1.55)*
1.29 (1.09-1.53)*
1.14 (0.96-1.36)

1.34 (1.09-1.64)*
1.29 (1.07-1.55)*
0.91 (0.87-1.34)

*P-value <0.05.

Table 3
Meteorological determinants of sad mood in the general population (n=14,478).

Univariate association
OR (95% CI)

1.00 (1.00-1.01)
1.00 (0.99-1.00)
0.99 (0.99-1.00)

Multiple model
OR (95% CI)

1.00 (0.99-1.00)
0.99 (0.99-1.00)
0.99 (0.99-1.00)

Mean daily temperature
Daily duration of sunshine
Daily duration of rainfall
Meteorological season
Summer vs. spring

Sall vs. spring

Winter vs. spring

1.26 (1.09-1.44)*
1.29 (1.12-1.49)*
1.07 (0.93-1.25)

1.26 (1.06-1.49)*
1.25 (1.07-1.47)*
1.03 (0.87-1.22)

*P-value <0.05.

admission (Morken et al,, 2002). What accounts for these reported
differences in seasonal peaks of depression is still unknown.

Apart from a recent study in which high temperatures were found
to be associated with an increase in suicide rates (Page et al., 2007),
we know of no large-scale epidemiological studies that directly
associate meteorological factors with mood problems. Molin et al.
(1996) found a significant correlation between depression scores and
sunshine, global radiation, length of daylight and temperature in SAD
patients, while Albert and colleagues (Albert et al., 1991) found that
almost 50% of the SAD patients in their study showed an energy-
elevating effect of sunshine. It should be kept in mind however that
SAD is a specifier within the depression spectrum that affects only a
minority of the depressed patients (Magnusson and Partonen, 2005).
Light deprivation is believed to be a causal factor in the development
SAD, also supported by the effectiveness of light therapy in SAD
(Westrin and Lam, 2007). Our findings suggest that such a meteo-
rological influence is not likely with respect to ‘regular’ depression
and mood in the general population, in keeping with the previous
work of Watson (Watson, 2000).

4.3. Methodological considerations

Since this is a cross-sectional study using self-reported data, some
caution is in place, especially when it comes to causal inferences.
Ideally, one would need a large cohort that would be followed up
frequently on their depression status to examine the association
between weather conditions and mood. Instead, our participants
responded at different time points over the course of 12 months,
which enabled us to link depression status to the weather conditions
on these time points. Our study also suffered from a low response rate,
which may have introduced some form of selection bias. However,
comparison of our sample's demographics with those of the base
population showed that our sample appears to be representative for
the general population. Furthermore, the large number of partici-
pants, the stability of the response rate across the seasons, and the
clear seasonal variation we found in combination with the absence of
an association with meteorological factors make it less likely that a
higher response rate would have altered our results.

Furthermore, selection bias might be a problem in our sample
when it comes to estimating the true prevalence of depression in our
region, but it seems less likely to confound a supposed link between
weather conditions and depressive symptoms. Hypothetically, it
would be possible that mood mediates the effect of weather con-
ditions on the response rate (a form of selection bias), but one would
then expect an underestimation of the strength of the association, and
not a complete absence of it, as we observe here.

Another issue pertains to the parameters for the supposed meteo-
rological determinants in this study. It is unclear whether the
(continued) exposure to temperature, sunshine and rainfall has an
acute or time-delayed effect on mood, although an immediate effect
seems most likely (Basu and Samet, 2002; Page et al., 2007). We
addressed this by associating daily, monthly and quarterly means of our
meteorological determinants to mood, and by investigating potential
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time lags between exposure to weather conditions and mood in
retrospective analyses. None of these ancillary analyses yielded findings
that differed from our main analyses, which adds to the robustness of
our results.

Major strengths of this study are the large sample size and the use
of a self-report measure (DID) that can classify according to the
criteria for DSM-IV major depressive disorder, something that has
hardly been done in large epidemiological studies. Collecting data
using the Internet has many advantages, such as accessibility and
absence of missing values, and there are sufficient indications that
computerised and paper-and-pen questionnaires show similar con-
struct validity (Butcher et al., 2000; Butcher et al., 2004). Balancing
the strengths and limitations of this study, we feel our findings have a
satisfactory validity base and can be generalized to other populations.

4. Conclusion

Despite the numerous references in everyday language suggesting
that we way we feel is affected by the weather (e.g., ‘sad weather’, ‘a
sunny mood’), and contrary to popular belief, weather conditions and
sad mood or depression do not seem to be associated. Future studies
might use daily measures of well-being as outcome, since these might
be more suitable for the immediate effects of weather conditions to
emerge.
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