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Objective: To examine whether a genetic selection within
the Icelandic population helps it to adapt to the long arc-

tic winter.

Participants and Setting: The target population was

a group of adults in the Interlake district of Manitoba,
Canada, wholly descended from Icelandic emigrants. The
ancestry of every individual in this group can be traced
back to 1840.

Design: The Seasonal Pattern Assessment Questionnaire
was mailed to a random sample of the study population.
The data were compared with results obtained with simi-
lar methods in populations in Iceland and on the eastern
seaboard of the United States.

Main Outcome Measures: Prevalence rates of sea-

sonal affective disorder and subsyndromal seasonal affec-
tive disorder.

Results: The prevelance rates of seasonal affective dis-
order and subsyndromal seasonal affective disorder were

found to be 1.2% and 3.3%, respectively, in this group of
Canadians of wholly Icelandic descent. These are sig-
nificantly lower than those measured with similar
methods among people living along the east coast of
the United States (\g=kscr\2=12.6 and 14.4, respectively,
P<.001). Standardized rate ratio for this group com-

pared with the American group was 0.18 for seasonal
affective disorder and 0.38 for subsyndromal seasonal
affective disorder.

Conclusions: This is the second study to find the
prevalence of seasonal affective disorder and subsyn-
dromal seasonal affective disorder to be lower among
Icelanders or their descendants than among popula-
tions along the east coast of the United States. The
results indicate that the relationship between preva-
lence of these disorders and geographic latitude is
more complex than has previously been suggested; ge-
netic adaptation in Icelandic populations may play an

important role.

(Arch Gen Psychiatry. 1993;50:947-951)

Seasonal affective disorder
(SAD) is a condition of de¬
pression regularly occurring
in fall or winter with remis¬
sion during the following

spring or summer.1 Subsyndromal SAD
(S-SAD) is a milder form of SAD.2 In the
United States, a higher prevalence of
SAD has been found to correlate with
higher geographic latitude.3 The preva¬
lence of SAD in Iceland was recently
measured with the same methods used
earlier in the United States.4 Interest¬
ingly, the rate of prevalence was found
to be lower in Iceland than in the
United States although Iceland lies much
farther to the north. It was suggested
that there may have been a genetic se-

lection within the Icelandic population
that has helped it to adapt to the long
arctic winter. If this is correct, one

might expect to find relatively low
prevalence rates of SAD and S-SAD
among people of Icelandic descent living
outside Iceland. The present study as¬

sesses the prevalence of these disorders
in descendants of Icelandic emigrants to
Canada.
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SUBJECTS AND METHODS

MEANS OF MEASUREMENT

Prevalence rates of SAD and S-SAD were measured in this
study with the Seasonal Pattern Assessment Questionnaire
(SPAQ)5 described before.4

STUDY POPULATION

In the period between 1870 and 1914, some 18 000 Ice¬
landers (about 20% of the population of Iceland in that pe¬
riod) emigrated to North America, many of them to the In-
terlake district of Manitoba, Canada.6 Today, there are

approximately 600 adults between ages 20 and 74 years
living in the Interlake district who are wholly descended
from the Icelandic emigrants. Their present culture and life¬
style are completely Canadian. The properties of this In¬
terlake group have been reviewed in detail.7 The review con¬

cludes that the members of this group are ofwholly Icelandic
descent, and that the original emigrants were drawn equally
from all socioeconomic classes and all parts of Iceland. They
evidently represented a cross section of Icelanders at that
time. Furthermore, the review concludes that the time that
has passed since the emigration to Canada (approximately
three to four generations) is hardly long enough to allow for
a major genetic selection among the immigrants in the new

country. The emigrants cannot be distinguished anthropo-
metrically from their kinsmen in Iceland.8

The population of Iceland is itself remarkably homo¬
geneous and was so in the period of emigration.7 This is
evidently due to the fact that, by the late 19th century, the
Icelanders had lived in virtual isolation from the rest of the
world for some 1000 years.9 Because of the outstandingly
accurate early record keeping in Iceland, we can trace the
ancestry of every individual in the Interlake study popula¬
tion back to 1840.910

SURVEY METHODS

Three hundred persons were selected at random from the
Interlake study population described above and were sent
the SPAQ in the mail. Of these, 252 responded, for a re¬

sponse rate of 82%, representing nearly 42% of the entire
population of adult residents of wholly Icelandic descent in
the Interlake district. A range of zero to seven items on each
scale of the questionnaire had missing data.

COMPARISON WITH EARLIER FINDINGS

The results from the Interlake district (latitude, 50.5°N)
were subsequently compared with results obtained with
the same methods in populations in Iceland (63°N to

67°N)4 and in three areas on the eastern seaboard of the
United States—Nashua, NH (42.5°N); New York, NY
(40°N); and Montgomery County, Maryland (39°N).' The
Icelandic, Canadian, and American studies were all con¬

ducted by mail. They all relied on the same question¬
naire and used the same criteria for SAD and S-SAD.
Table 1 compares the demographic characteristics of the
respondents from the three countries. There were signif¬
icant differences between the groups in marital status
and mean age.

STATISTICAL METHODS

The Mantel-Haenszel  2 test was used for assessing signif¬
icance levels when comparing age-specific prevalence rates

among countries. Using the world population" as reference
standardized rate ratios were obtained between countries.
Results from the SPAQ from Iceland and the Interlake dis¬
trict were compared using logistic regression analysis. Log¬
arithmic transformation of the data did not result in im¬
proved computations of the seasonality score (SS). Power
test was calculated as described by Pocock.12 Confidence
intervals were computed for the 95% level.

RESULTS

SEASONALITY SCORE AND PREVALENCE OF
SAD AND S-SAD IN THE INTERLAKE GROUP

The mean (±SD) SS in the Interlake district was 4.9±3.4.
The SS decreased with increasing age (regression coeffi¬
cient,

—

.051 per year; confidence interval, 0.021 to 0.081).
After adjusting for age, no significant difference in SS be¬
tween men and women was discovered (P=.76).

Individuals with SAD and S-SAD were identified with
the SPAQ based on the criteria described before.4 The prev¬
alence rates of SAD and S-SAD proved to be f .2% and
3.3%, respectively, in the Interlake district. One case of
summer SAD13 (defined before4) was found. (For pur¬
poses of our study, when not further specified, SAD re¬

fers to winter SAD.)

COMPARATIVE RESULTS

Table 2 presents results of multiple regression analysis
of the SS and six variables measured with the SPAQ. Com¬
pared with their kinsmen in the Interlake district, Ice¬
landers reported more seasonal variation in body weight
and energy level but less in social activity. After adjusting
for sex and age, the SS was not significantly different be¬
tween the two groups. Icelanders reported a significantly
shorter sleep duration both in summer and winter, but
the difference was more pronounced during the summer.

The values of all the dependent variables, except sleep
length in summer, decreased with age, and seasonal vari¬
ations were generally found to be more pronounced in
women. Country, age, and sex were the only significant
determinants of the dependent variables presented in Ta¬
ble 2; however, seasonal changes in weight were also
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*American rates are totals from Montgomery County, Maryland: Nashua, NH; and New York, NY.
tAnalysis of variance could not be performed and t test was applied instead. Mean age differences between the US and Canadian groups were not

significantly different (U1.91 and 0.072 for male and female subjects, respectively). The Icelandic respondents, male and female, were significantly younger
than those from the United States and Canada; t values ranged from 5.88 to 8.6, P<.001 always.

* ine first three scales, on seasonal variation, range from 0 to 4 (0, no change; 4, extremely marked change). Scores were as follows: Iceland, 1; Canada,
2; male, 1; and female, 2. Values are regression coefficients and those in parentheses are 95% confidence intervals. NS indicates not significant.

dependent on absolute body weight (regression coeffi¬
cient, .011 kg/kg; confidence interval, 0.009 to 0.013).

Table 3 shows that the age-adjusted prevalences of
SAD and S-SAD were significantly lower in the Interlake
district than in the northeastern United States. The stan¬
dardized rate ratio for the Canadian group compared with
the American group was 0.18 for SAD and 0.38 for
S-SAD. Among the three northeastern American loca¬
tions, the mean SS was lowest in Montgomery County
(6.7±4.3). The mean SS in the Interlake district (4.9±3.4)
was significantly lower than in Montgomery County (z=6.51 ;
P<.001).

Age-adjusted prevalence rates for SAD and S-SAD were

lower in the Interlake district than in Iceland ( 1.3 % vs 3.6%
and 4.1% vs 6.9% for SAD and S-SAD, respectively).

The age-adjusted prevalence of combined SAD and

S-SAD was significantly lower in the Interlake district than
in Iceland ( 2=5.7 using the Mantel-Haenszel test; P-C025;
standardized rate ratio, 0.52). However, there were no

statistically significant differences between the two groups
for SAD and S-SAD separately ( 2=1.8 and 3.2, respec¬
tively, with the Mantel-Haenszel test).

The Figure shows prevalence rates for combined
SAD and S-SAD in the United States, fceland, and
Canada.

COMMENT

UNITED STATES VS CANADA

It has long been suspected that light deprivation is a ma¬

jor etiologic factor in SAD. Accordingly, higher preva-
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* American rates are the totals from Montgomery County, Maryland (39"N); New York, NY (4CPN); and Nashua, NH (42.5°N). Canadian rates are from the
Interlake district of Manitoba (50"N).

jThe world population1' was used as the reference population in standardizing the prevalence rates for age with the direct method.
i In testing for overall differences in prevalence rates the Mantel-Haenszel  2 test was applied. Subjects with SAD were excluded from the group "without

S-SAD."

lence rates might be expected at higher latitudes. The find¬
ings of Rosen et al3 seemed to provide evidential support
for the latitude hypotheses. We, however, previously found
that the prevalence rates of SAD and S-SAD were signifi¬
cantly lower in Iceland (63°N to 67°N) than in the three
northeastern American locations (39°N to 42.5°N) stud¬
ied by Rosen et al.3 This contradicts the latitude hypoth¬
esis in any simple form. The Icelandic nation has lived in
high latitudes and in virtual isolation from the rest of the
world for over fOOO years. Under these conditions, ad¬
aptation to high-latitude conditions may have occurred
in such a way as to result in relatively low prevalence
rates of SAD and S-SAD in the present population of Ice¬
land. This was indeed proposed in our previous article4
as a possible explanation of the low prevalence rates ob¬
served in Iceland. Such an explanation assumes that hav¬
ing SAD or S-SAD is disadvantageous for reproduction,
an assumption that has as yet no independent support.

The present study takes advantage of the existence
of a population of Canadians wholly descended from Ice¬
landic emigrants. Age-adjusted prevalence rates for SAD

Combined prevalence rates of seasonal affective disorder and
subsyndromal seasonal affective disorder at different latitudes (line with
squares) in three locations in the United States, Iceland, and among
people of wholly Icelandic descent in Canada.

and S-SAD and the SS were all significantly lower in this
group than in the three American locations mentioned
above. Ours is the second study that finds lower preva¬
lence rates for SAD and S-SAD among Icelanders and their
descendants than among US citizens, and emphasizes the
importance of becoming clearer about the role of factors
other than latitude on the prevalence of SAD and S-SAD.

The marital profile of the interlake group was dif¬
ferent from that of the American groups. However, mari¬
tal status did not influence the SS in either the present or
in previous studies.4·14 The Interlake district is more rural
than the locations studied by Rosen et al. The effect of
residency (rural vs urban) has been studied in Iceland.

Residency did not influence the SS nor was it a de¬
terminant of SAD or S-SAD.4 Hence, a more rural setting
is not likely to explain the relatively low prevalence of
SAD and S-SAD among the fnterlake group. Similarly, cli¬
matic changes across seasons are unlikely to explain the
relatively low prevalence rates for SAD and S-SAD found
in the Interlake district. Manitoba has a continental cli¬
mate with extreme temperature differences between win¬
ter and summer; common sense suggests that these would
tend to exaggerate, rather than suppress, seasonal changes
in mood, especially in comparison with such climatic changes
as characterize the oceanic environment along the eastern
seaboard of the United States.

ICELAND VS CANADA

The properties of the Interlake study population have been
reviewed in detail.7 It seems well established that this popu¬
lation does not differ genetically from the tcelandic popu¬
lation. Seasonal variations in energy level, social activity,
and body weight were significantly different between the
Interlake and Icelandic groups. The sex- and age-
adjusted SS was not significantly different between the
two groups. Sleep length, both in summer and winter,
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was different between the two groups as well. These dif¬
ferences might be due to environmental factors, includ¬
ing latitude. The prevalence rates of SAD and S-SAD were

much lower in the Interlake district than in Iceland. The
difference between the two groups in combined preva¬
lence rates of SAD and S-SAD was statistically significant.
However, there were no statistically significant differ¬
ences between the two groups for SAD and S-SAD sepa¬
rately. When the prevalence of these disorders becomes
as low as among the Interlake group, the power of the
test is reduced. For example, if we assume that the true
rates are similar to those estimated in this survey, the prob¬
ability (power) of finding significant differences in preva¬
lence rates for SAD and S-SAD between two groups of
sizes such as ours is only 28% and 40%. Thus the lack of
significance is not very informative. The finding that the
prevalence of combined SAD and S-SAD was significantly
lower in the Interlake district than in Iceland lends sup¬
port to the hypotheses that prevalence rates of SAD and
S-SAD are influenced by latitude within genetically simi¬
lar populations. The findings reported herein need to be
corroborated by studies including clinical evaluations of
larger samples.
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