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There is significant evidence that altered dopamine activity plays a role in seasonal affective disorder (SAD). The current study examined

three separate genetic hypotheses for SAD related to the 7-repeat allele (7R) of the dopamine-4 receptor gene (DRD4), a variant

associated with decreased affinity for dopamine. We examined the possible contribution of 7R to the overall expression of SAD,

attention deficit disorder (ADD) comorbidity, and body weight regulation. As part of an ongoing genetic study of increased eating

behavior and mood in female subjects, 108 women with winter SAD and carbohydrate craving/weight gain were administered the

Wender-Utah Rating Scale to measure childhood ADD symptomatology, and a questionnaire to assess maximal lifetime body mass

index (BMI). To test for an association between 7R and the categorical diagnosis of SAD, the transmission disequilibrium test (TDT) was

used in a subsample of probands providing familial DNA. Standard parametric tests were used to compare childhood ADD symptoms

and maximal lifetime BMI across the two genotypic groups defined by the presence or absence of 7R. The TDT found no initial evidence

for an association between 7R and the categorical diagnosis of SAD. However, 7R carriers reported significantly greater inattention and

dysphoria in childhood (p¼ 0.01 and 0.001, respectively) and a higher maximal lifetime BMI (p¼ 0.007) than did probands without this

allele. Furthermore, excluding probands with extreme obesity (maximal BMI 440), a strong correlation was found linking childhood

inattentive symptoms and maximal lifetime BMI (r¼ 0.35, p¼ 0.001). In overeating women with SAD, the 7R allele of DRD4 may be

associated with a unique developmental trajectory characterized by attentional deficits and dysphoria in childhood and mild to moderate

obesity in adulthood. This developmental course may reflect different manifestations of the same underlying vulnerability related to

central dopamine dysfunction. Given the possibility of population stratification when studying genotype/phenotype relationships, future

use of genomic controls and replication of our findings in other overeating and/or ADD populations are needed to confirm these initial

results.
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INTRODUCTION

Winter seasonal affective disorder (SAD) is a subtype of
depression characterized by a predictable onset in the fall/
winter period and spontaneous remission in the spring and
summer months (Rosenthal et al, 1984). There is consider-
able evidence for genetic contributions to SAD (Madden
et al, 1996; Sher, 2001), and several candidate gene studies

of SAD have been reported (Ozaki et al, 1996; Rosenthal
et al, 1998; Enoch et al, 1999; Johansson et al, 2001; Arias
et al, 2001; Praschak-Rieder et al, 2002; Johansson et al,
2003). Based on strong evidence for serotonin dysfunction
in SAD (Lam et al, 1996; Schwartz et al, 1997; Levitan et al,
1998), the vast majority of these studies have focused on
serotonin system genes, with inconclusive results. Despite
significant evidence that altered dopamine activity also
plays an important role in SAD (Depue et al, 1990; Arbisi
et al, 1994; Neumeister et al, 2001; Lam et al, 2001), no
candidate gene studies based on the dopamine system have
been reported in SAD probands to date. The goal of the
current study was to explore three separate genetic
hypotheses for SAD related to the dopamine-4 receptor
gene (DRD4). DRD4 is an excellent candidate for genetic
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association studies as it displays a high degree of variability,
and a functional variable number of tandem repeat (VNTR)
polymorphism has been identified in the third exon, the
region coding for the third intracellular loop of the receptor
(Van Tol et al, 1992). In vitro studies suggest that the
exon III DRD4 7-repeat allele (7R) has decreased affinity
for dopamine and transmits weaker intracellular signals
in comparison to other exon III alleles (Asghari et al,
1995).
The first hypothesis we considered was that variation in

DRD4 might contribute to the overall categorical diagnosis
of SAD. However, given the dimensional and heterogenous
nature of SAD, we also examined whether variation in
DRD4 might account for individual differences in symptom
presentation among SAD probands. For example, clinically
we have found that many women with SAD report a
childhood history of attention deficit disorder (ADD), a
pattern of comorbidity that has previously been described
in both children (Rosenthal, 1995) and in adults presenting
with long-standing ADD symptoms (Levitan et al, 1999).
Neuroimaging studies also support an overlap between
adult ADD and SAD, with both disorders exhibiting
decreased global metabolism and marked hypoactivity in
prefrontal areas mediating attentional control (Zametkin
et al, 1990; Cohen et al, 1992). DRD4 is of particular interest
in this regard in that DRD4 receptors are highly expressed
in the prefrontal cortex (Mrzljak et al, 1996), and numerous
studies have demonstrated a significant association between
the 7R allele of DRD4 and ADD (LaHoste et al, 1996; Rowe
et al, 1998, 2001; Smalley et al, 1998, 2001; Swanson et al,
1998; Faraone et al, 1999; Barr et al, 2000; Holmes et al,
2000; Muglia et al, 2000; Tahir et al, 2000; Mill et al, 2001;
Curran et al, 2001). Based on these various lines of research,
it was hypothesized that in a larger group of women with
SAD, the 7R allele of DRD4 might be associated with
childhood ADD symptoms.
The third hypothesis for the current study was that

variation in DRD4 might contribute to increased body mass
in SAD. The typical patient with SAD is a premenopausal
female with marked craving for high-carbohydrate/high-fat
foods, resulting in significant weight gain during winter
depressive episodes (Rosenthal et al, 1987). Individuals with
SAD consume such foods to modify negative mood states
(Krauchi et al, 1997), suggesting that brain reward pathways
may be involved. Dopamine activity in the meso-cortico-
limbic circuitry of the brain has been shown to mediate the
rewarding properties of foods (Hernandez and Hoebel,
1990; Evans and Vaccarino, 1990; Martel and Fantino,
1996), while treatment with the dopamine antagonist
clozapine, which has high affinity for the D4 receptor
(Seeman and Van Tol, 1994), is frequently complicated by
increased food consumption and weight gain (Theisen et al,
2003). As D4 receptors are expressed in various brain
regions that comprise the natural reward pathway (Meador-
Woodruff et al, 1996; Civelli, 1995), variation in DRD4
might be expected to contribute to individual differences in
eating behavior and thus weight gain.
To summarize, the specific hypotheses for the current

study were that in overeating women with SAD, the 7R allele
of DRD4 might be associated with (1) the overall diagnosis
of SAD and/or (2) childhood symptoms of ADD, and/or (3)
higher maximal lifetime body mass. We report here our

preliminary findings in 108 women presenting with winter
SAD and increased appetitive behavior.

METHOD

Sample

The current study group consisted of female paticipants 20–
65 years of age, who met DSM-IV criteria for major
depression with a winter seasonal pattern, recruited at the
mood disorder clinics of both the Centre for Addiction and
Mental Health in Toronto, and the University of British
Columbia in Vancouver. As our ongoing genetic study has a
particular focus on women who overeat, only female
subjects who experienced carbohydrate craving and/or
weight gain during their winter depressive episodes were
included. Increased appetitive behavior occurs in over 70%
of SAD patients, is particularly common in females, and is
highly sensitive to bright light therapy (Krauchi et al, 1993),
making it a core phenotype for SAD. To be entered into
the current study, women had to report increased
eating and/or weight gain during winter depressive
episodes, based on their clinical consultation interview
carried out by one of us (RDL or RWL), and on a revised
version of the Hamilton Depression Rating Scale specifically
developed for SAD (SIGH-SAD) (Williams et al, 1988),
which includes several ‘atypical’ items. Study candidates
had to score 3 or greater based on the sum of scores across
the four items, which assess increased appetitive behavior
and weight. The SIGH-SAD was administered by a trained
research assistant.
Each subject was given an oral and written summary of

the purposes, procedures, and potential risks of the project
and gave informed written consent. The protocol was
approved by the University of Toronto and UBC research
ethics committees.

Rating Scales

The Wender-Utah Rating Scale (WURS). The WURS is a
self-report rating scale given to adults to assess retro-
spectively symptoms of childhood ADD (Ward et al, 1993).
All items are rated 0 (not at all or very slightly) to 4 (very
much). There are 61 items in total, including 42 that
describe various aspects of childhood behavior, seven for
medical problems, and 12 items related to school perfor-
mance, reading, and writing. A 25-item subscale has also
been derived to best differentiate core ADD symptoms from
those of major depression (Ward et al, 1993). This WURS-
25 subscale is ideal for use in depressed adults as it
minimizes the confounding effects of depression on the
retrospective reporting of childhood ADD symptoms.
A factor analysis to evaluate potential gender differences

on the WURS revealed a 5-factor solution for female
patients, which included factors for (1) dysphoria; (2)
impulsivity and problems with conduct; (3) inattention and
organizational problems; (4) problems with learning; and
(5) unpopularity (Stein et al, 1995).

The SIGH-SAD. As alluded to above, the SIGH-SAD is a
revised version of the Hamilton Depression Rating Scale
specifically designed to measure the ‘atypical’ neurovegeta-
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tive symptoms of SAD, such as overeating, weight gain, and
hypersomnia (Williams et al, 1988). The SIGH-SAD
provided a state measure of depression and was adminis-
tered by a trained research assistant.

Assessment of maximal lifetime body mass. As part of the
structured interviewing carried out by a research assistant,
each proband was administered a brief questionnaire, which
included a question about maximum weight achieved as an
adult with corresponding height. The maximum lifetime
body mass index (BMI) was calculated for each subject
using the formula (weight in kilograms/(corresponding
height in meters2)).

Procedure

All subjects were given a clinical diagnosis of winter SAD by
one of two psychiatrists expert in this field (RDL, RWL).
Upon meeting with a trained research assistant, subjects
were asked to complete the WURS on their own. The
research assistant then administered the Structured Clinical
Interview for DSM-IV-patient edition (SCID-P) (First et al,
2002) and the SIGH-SAD. Blood samples for DNA extrac-
tion were also collected at this time. All subjects were asked
to provide consent, which allowed us to contact parents and
siblings to obtain blood samples for DNA. Where possible,
family-based units including (a) one or both parents, (b)
one parent and one or more sibs, or (c) two or more sibs
were asked to provide blood for DNA for a family-based
control transmission disequilibrium analysis.

Laboratory Methods

Blood samples were collected from the clinical sites and sent
to the Clarke Division, Centre for Addiction and Mental
Health. Genomic DNA was extracted from white blood cells
using the high-salt method. All genotyping of the DNA was
performed blind to psychiatric diagnosis and vice versa.
This was facilitated through a standard patient identifica-
tion coding system employed by our laboratory. The 48 base
pair VNTR region in the third exon of DRD4 was amplified
using polymerase chain reaction techniques with primers
and conditions previously published (Lichter et al, 1993).
The PCR products were visualized via gel electrophoresis
performed in 3.5% agarose prepared with ethidium bromide
and 1� TBE (Tris, boric acid, EDTA).

Statistical Methods

Hypothesis 1. To test the hypothesis that the 7R allele of
DRD4 is associated with the overall categorical diagnosis of
SAD, while limiting the problem of population stratifica-
tion, the transmission disequilibrium test was performed on
the subgroup of probands with familial controls available.
This was performed using the Family-Based Association
Test (FBAT v1.2), which counts the alleles transmitted to the
affected offspring vs those not transmitted as deduced from
the parental genotypes. While we hope to implement
genomic controls for probands without familial DNA in
the future, funding for this was not available at the time of
this report.

Hypotheses 2 and 3. As these hypotheses were based on
continuous rather than categorical measures, a quantitative
statistical approach was used for these analyses. Each
proband was grouped according to the presence or absence
of the 7R allele. ADD rating scale scores and maximum
lifetime BMI measures were then compared across 7R
carriers and noncarriers using unpaired t-tests.
Based on the specific and unidirectional nature of the

main working hypotheses, a significance level of 0.05 was
chosen for our primary analyses. For subscale analyses, to
correct for multiple comparisons, a p-level of 0.01 was used.

RESULTS

A total of 108 women with SAD, with a mean age of
37.87 9.4 years, were included in this study. The DRD4
VNTR exon 3 polymorphism was in Hardy–Weinberg
equilibrium.
Hypothesis 1. The 7R allele of DRD4 will be associated

with the overall categorical diagnosis of SAD. The number of
probands having informative family-based data for the
FBAT analysis was 45. No association is currently being
detected between the 7R allele and the categorical diagnosis
of SAD (observed 7R alleles in SAD probands¼ 24, expected
7R alleles based on parental genotypes¼ 24.2, Z¼ 0.07,
p¼ 0.90). These preliminary results suggest that the number
of 7R transmissions to probands with SAD does not deviate
from the null hypothesis, although the statistical power to
detect a significant difference was only 0.3 in this small
sample.
Hypothesis 2. In probands with SAD, the 7R allele will be

associated with childhood ADD symptomatology. Mean
WURS scores for the full sample of 108 SAD probands
were: total 61-item WURS: 64.37 28.5; core 25-item WURS:
30.47 18.7. A comparison of childhood ADD scores across
the two genotypic groups defined by the presence or
absence of the 7R allele is included in Table 1. In total, 37
(34%) of subjects carried at least one version of the 7R
allele. As hypothesized, 7R carriers scored significantly
higher on the WURS-25, which measures core symptoms of
ADD during childhood. Key subscales based on a large
factor analysis of female subjects with ADD (Stein et al,
1995) were also compared across the two groups. The
results indicated that 7R carriers had significantly higher
scores on the inattention and dysphoria factors, but did not
differ on factors measuring impulsivity/conduct problems,
learning problems, and unpopularity. The power for the
T-statistic to detect genotypic group differences on the
inattention subscale was 0.72 (95% confidence interval (CI)
for T¼ 0.75–5.85), while for the dysphoria subscale it was
0.93 (95% CI for T¼ 2.33–8.67).
Hypothesis 3. In probands with SAD, the 7R allele of

DRD4 will be associated with higher maximal lifetime BMI.
Maximal lifetime BMI data were available for 103 SAD
probands, and are included in Table 1. Consistent with our
working hypothesis, there was a significantly higher
maximal lifetime BMI in probands carrying the 7R allele.
The power for the T-statistic to detect this difference was
0.80 (95% CI for T¼ 1.11–6.29). Using the well-established
cutoff of a BMI 430 to define obesity, the lifetime rates of
obesity in the two main genotypic groups were estimated at:
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7R present: 14/36 (38.9%); 7R absent 13/67 (19.4%)
(Pearson w2¼ 4.60; p¼ 0.032).

Is There a Relationship Between Childhood ADD
Symptoms and Adult Obesity in Female Probands with
SAD?

Based on these results, and two recent studies reporting
very high rates of inattentive ADD in obese populations
(Altfas, 2002; Fleming and Levy, 2002), we further explored
a possible relationship between childhood ADD symptoms
and maximal lifetime BMI in our SAD probands. No
significant correlation was found between total WURS-61
scores and maximal lifetime BMI (r¼ 0.10, p¼ 0.38,
N¼ 103), although a trend was found linking maximal
lifetime BMI with the inattentive subscale of the WURS
(r¼ 0.18, p¼ 0.067). Strikingly, when we excluded subjects
with a history of extreme obesity as defined by the World
Health Organization (ie maximal BMI above 40), based on
the possibility that they are a genetically distinct subgroup
(Clement et al, 1996; Li et al, 2000), a highly significant
correlation was found linking childhood attentional pro-
blems with maximal lifetime BMI (r¼ 0.35, p¼ 0.001,
N¼ 96) (see Figure 1). In this same subgroup of non-
morbidly obese probands, childhood dysphoria was
strongly correlated with both childhood attentional pro-
blems (r¼ 0.63, p¼ 0.000, N¼ 96) and maximal lifetime
BMI (r¼ 0.32, p¼ 0.002, N¼ 96).

DISCUSSION

In a sample of women with SAD and increased appetitive
behavior, we have found that the 7R allele of the DRD4 exon
III VNTR is associated with both inattention and dysphoria
in childhood, and increased maximal lifetime BMI and

Table 1 Age, Childhood ADD Scores, Maximal Lifetime Body Mass Indices and Current Depression Scores in Genotypic Groups Defined
by the Presence or Absence of the 7-Repeat (7R) Allele of the DRD4 in 108 Overeating Women with SAD

7R carrier 7R absent

(N¼37) (N¼ 71) T-statistic df p-Value

Age (years) 36.67 9.6 38.67 9.1 0.25 102 NS

Wender-Utah childhood ADD scores

Total 61-item scale 70.77 30.7 61.07 26.9 1.69 106 0.09

Total 25-item scale 35.67 19.7 27.67 17.6 2.16 106 0.03

Subscale scores

Dysphoria 14.07 8.8 8.57 7.4 3.46 106 0.001

Attentional problems 7.67 6.5 4.37 6.3 2.61 106 0.01

Impulsivity and conduct problems 8.37 6.4 7.07 5.9 1.04 106 NS

Problems with learning �1.07 3.3 0.37 5.6 1.26 103 NS

Unpopularity �1.47 4.7 �2.77 3.8 1.60 104 NS

(N¼36) (N¼ 67)

Maximal lifetime body mass index 30.57 7.7 26.87 5.5 2.70 101 0.007

(N¼33) (N¼ 64)

Current depression scores

SIGH-SAD (25-item HDRS) 24.47 9.7 22.77 11.4 0.72 93 NS

HDRS (17-item) 12.47 6.7 10.97 6.7 1.08 95 NS

N¼ sample size; NS¼ nonsignificant; HDRS¼Hamilton Depression Rating Scale; discrepancies in degrees of freedom are due to missing data.

r = 0.35, p = 0.001

Childhood Attentional Problems (WURS)
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Figure 1 Scattergram plotting maximal lifetime BMI vsWURS attentional
problems in childhood in overeating women with SAD (excluding
individuals with maximal BMI 440).
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obesity. These vulnerabilities may reflect different manifes-
tations of the same underlying pathology related to central
dopamine dysfunction. Preliminary data suggest that the 7R
allele is not strongly associated with the overall categorical
diagnosis of SAD, although interpretation of the TDT data
was limited by the small number of informative transmis-
sions available. More work is needed to replicate these
various findings, and to explore these associations in other
populations, particularly those characterized by carbohy-
drate craving/weight gain and/or inattentive ADD.
The finding of an association between the 7R allele of

DRD4 and childhood ADD symptoms confirms and extends
numerous studies carried out in ADD probands (LaHoste
et al, 1996; Rowe et al, 1998, 2001; Smalley et al, 1998;
Swanson et al, 1998; Faraone et al, 1999; Barr et al, 2000;
Holmes et al, 2000; Muglia et al, 2000; Tahir et al, 2000; Mill
et al, 2001; Curran et al, 2001). In a recent meta-analysis of
over 20 family-based and case–control studies, Faraone et al
(2001) concluded that the 7R allele is highly likely to be a
vulnerability factor for ADD. The fact that the 7-repeat allele
was associated with inattention but not hyperactive/
impulsive behavior is also consistent with prior work. Twin
studies in ADD have demonstrated independent heritability
of these two key dimensions (Hudziak et al, 1998; Levy et al,
1997; Sherman et al, 1997). Furthermore, of the three DRD4
association studies that have looked at inattentive vs
hyperactive symptoms separately, two have shown a link
with inattentive symptoms only (Rowe et al, 1998;
McCracken et al, 2000) while a third was negative overall
(Todd et al, 2001).
The current results also confirm and extend prior

research linking central dopamine dysfunction with in-
creased feeding behavior and obesity. Preclinical work
suggests that dopamine plays a fundamental role in
mediating the rewarding effects of food (Hernandez and
Hoebel, 1990; Evans and Vaccarino, 1990; Martel and
Fantino, 1996), consistent with its overall role in hedonics
(Leshner and Koob, 1999). In humans, several lines of
research suggest a key role for central dopamine activity in
obesity, including pharmacological studies (Baptista, 1999;
Halford, 2001), brain imaging work (Wang et al, 2001), and
genetic studies (Comings et al, 1996; Noble, 2003). Given
that the ease of availability of highly palatable foods in
developed countries is a major factor contributing to the
recent obesity epidemic (Macdiarmid et al, 1996; Blundell
and Cooling, 1999), the identification of a genetic vulner-
ability factor that may play a role in food reward processes
is of great interest. If replicated in other samples, the
current results point to a genetic variant that could help in
the early identification and treatment of female subjects at
higher risk for certain forms of obesity due to abnormally
increased food intake.
Also of interest in the current study was a possible

relationship between childhood ADD symptoms, particu-
larly inattention and dysphoria, and obesity in adulthood.
Two prior studies carried out in medical obesity clinics have
found very high rates of inattentive ADD symptoms,
particularly in women (Altfas, 2002; Fleming and Levy,
2002). Both of these studies were initiated based on the
clinical observation that poor treatment response for
obesity appeared to be due to an inability to focus and
organize meals. How might inattention and obesity be

related mechanistically? Prior authors have suggested that
poor planning and an inability to delay reward, processes
largely mediated by the prefrontal cortex, may lead
individuals with ADD to overconsume fattening foods
(Fleming and Levy, 2002). A related hypothesis is that
individuals with low intrinsic dopamine activity in brain
areas mediating reward attempt to compensate by using
various reinforcing behaviors including increased food
consumption (Comings and Blum, 2000). This has been
termed the ‘reward deficiency syndrome’ and has been
described separately in ADD (Blum et al, 1995) and in
obesity (Comings et al, 1996). Childhood ADD and adult
obesity may thus reflect different manifestations of a single
biological change related to the 7R allele of DRD4 and low
dopamine activity in prefrontal attentional areas and brain
reward pathways.
A number of limitations merit consideration. As this

study was limited to female SAD patients who overeat, and
given the current lack of a clear association between DRD4
and the overall diagnosis of SAD, our findings may have
more to do with the biology of weight regulation than with
seasonality per se. To dissect out these relationships going
forward, more studies of DRD4 and SAD are needed, as are
studies of other overeating populations such as women with
binge eating disorder and/or carbohydrate craving obesity.
It will also be of great interest to study prospectively weight
regulation in young female patients presenting with a
primary diagnosis of inattentive ADD.
Our assessment of ADD symptoms was limited to a self-

report scale that does not on its own establish a clear
diagnosis of ADD. Notwithstanding, our intention was not
to study the categorical diagnosis ‘ADD’ but rather a
dimension of psychopathology, tied to the dopamine
system, that may be relevant to SAD probands. Regarding
DRD4, while D4 receptors are expressed on prefrontal brain
areas that mediate attention, and on meso-cortico-limbic
structures that comprise the natural reward pathway
(Meador-Woodruff et al, 1996; Civelli, 1995), relatively little
is known about the physiological role of D4 in the human
brain. While in theory, 7R might be associated with altered
brain reward processes, this was not directly assessed in the
current protocol, and other explanations for our BMI data
in particular merit consideration. For example, the current
findings might reflect a relationship between DRD4 and
decreased physical activity. Many adults with ADD exhibit
excessive daytime sleepiness and difficulty initiating activity
(Brown and McMullen, 2001), a state of low arousal that
could contribute to decreased caloric expenditure and thus
weight gain over time. This in itself might explain the link
between ADD symptoms and increased body mass seen in
this and prior studies. Another consideration is that the
VNTR polymorphism under consideration is in linkage
disequilibrium with an entirely different gene in the same
chromosomal region, which itself affects the phenotype
under investigation (Hanson and Knowler, 1998) and/or
alters the expression of this VNTR.
A common limitation of genetic association studies

looking at genotype/phenotype relationships is the potential
for population stratification, which may lead to spurious
positive results. Of particular importance to the current
study is that significant variation in DRD4 VNTR allele
frequencies among different populations has been reported
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(Chang et al, 1996). An optimal way to address this issue is
the use of genomic controls (Devlin et al, 2001); however,
we did not have sufficient funding to employ this method
currently. Use of genomic controls in future work, and
replication of our findings in independent samples, would
thus be of great importance in confirming our initial results.
Notwithstanding these limitations, the current data point

to a possible association between the 7R allele of DRD4 and
both childhood inattention and dysphoria, as well as adult
obesity, in overeating women with SAD. We speculate that
the 7R allele of DRD4 may predispose young women to a
series of behavioral problems over time reflecting central
dopamine dysfunction. More work is needed to replicate
and extend these findings and to examine these associations
in other overeating and/or ADD populations.
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