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Anticipation in Swedish families with bipolar
affective disorder
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Rolf Adolfsson

Abstract
Anticipation describes an inheritance pat-
tern within a pedigree with an increase in
disease severity or decrease in age at onset
or both in successive generations. The
phenomenon of anticipation has recently
been shown to be correlated with the ex-
pansion of trinucleotide repeat sequences
in different disorders. We have studied
differences of age at onset and disease
severity between two generations in 14
families with unilinear inheritance of bi-
polar affective disorder (BPAD).
There was a significant difference in age

at onset (p<0008), in episodes per year
with (p<0006) and without (p<003) lith-
ium treatment, and in total episodes per
year (p<0002) between generations I and
II. Furthermore, there was a highly sig-
nificant correlation (p<0001) in age at
onset between generations I and II. No
evidence for specific paternal or maternal
inheritance was found.
We found evidence of anticipation and

could rule out ascertainment bias or some
other artefact. Anticipation is thus an in-
heritance pattern in BPAD which suggests
that the expansion of trinucleotide repeat
sequences is a possible mode of in-
heritance in BPAD.
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Bipolar affective disorder (BPAD) is a severe

neuropsychiatric disorder with a prevalence of
about 1% in the population. Previous fam-
ily,12 twin,3 and adoption studies4 support the
hypothesis that genetic transmission is a major
aetiological factor in the disease. Linkage ana-

lysis has suggested gene localisation to chro-
mosome 11 for BPAD,5 but further studies have
not been able to confirm these results and the
results have been inconsistent."8 The mode of
inheritance of BPAD is still unknown but the
recent demonstration of anticipation in BPAD
opens up new possibilities for studying the
genetic transmission of this disorder.9

Anticipation describes an inheritance pattern
within a pedigree with an increase in disease
severity or decrease in age at onset or both
in successive generations.1011 In early clinical
studies anticipation was suggested as an in-
heritance model of psychiatric disorders.12-'4
Anticipation has been found in myotonic dys-
trophy,'015 fragile X syndrome,'6 Huntington's
disease,'7-20 amyloidosis,2' and BPAD.9 Anti-
cipation has been shown to be directly associ-

ated with the expansion of trinucleotide repeats
at the disease locus in fragile X syndrome,22
myotonic dystrophy,23 24 and Huntington's
disease. 17-20

In this study we have examined 13 two gen-
eration unilinear BPAD family pairs and one
BPAD family affected in three successive gen-
erations, to look for evidence of anticipation.
Our results are in agreement with anticipation
as an inheritance pattern in pedigrees ofBPAD,
resulting in an increase in disease severity and
a decrease in age at onset in successive gen-
erations.

Material and methods
BPAD patients were recruited from the lithium
dispensaries at the Psychiatric Clinics of Umea
and Harnosand Hospitals in northern Sweden.
Lithium therapy is used as a prophylaxis in
BPAD patients, aiming to reduce the frequency
and severity of depressive/manic episodes. Its
feasibility depends on compliance from the
patient. From the register we found that about
25% of these patients fulfilled the DSM-IIIR
criteria of BPAD (types I and II). The patient
files were checked by OPCRIT,25 which further
confirmed the diagnosis.

Information about the occurrence of psy-
chiatric morbidity in the relatives of these pa-
tients was obtained from medical records. In
the present study we included only pedigrees
with unilinear inheritance of BPAD. Cases of
BPAD with other diagnoses in their pedigrees
such as schizophrenia, schizoaffective syn-
drome, unipolar major depression, or unipolar
mania were excluded from the study. Al-
together we found 14 pedigrees with unilinear
inheritance of BPAD, one of these showing
three generation inheritance. In five of these
pedigrees, one parent and two children each
had BPAD.

Anticipation was measured as (1) age at onset
and (2) frequency of episodes with and without
lithium treatment. The age at onset was defined
by the first episode of either depression or
mania. Episode frequency was used as a meas-
ure of disease severity and its overall value was
calculated by the total number of episodes
of depression and mania divided by the total
number of years from age at onset to death or
to the time of investigation. For each person,
information was also obtained regarding the
episode frequency and the length of time with
or without lithium treatment, respectively. This
enabled separate estimates of episode fre-
quency either during lithium treatment or when
there was no lithium treatment.
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Table 1 Sex, year of birth, age at onset, episodes per year with and without lithium treatment, and total episodes per year in 14 families with bipolar
affective disorder
Family Generation Sex Year Age at onset Episodeslyear Episodeslyear Total

of birth (y) no lithium lithium episodeslyear

1 I F 1932 30 0.1 - 0.1
II M 1952 32 1.0 1 0 1.0
II F 1953 21 1-3 0 5 0-8

2 I F 1928 30 0 3 0.0 0-2
II F 1955 18 0-6 2-0 0 9

3 I M 1940 25 1-5 0-5 0 7
II M 1974 18 1 0 - 1.0

4 I F 1917 35 0 1 0 1 0.1
II M 1941 31 1 0 04 04

5 I M 1911 52 0-4 - 0 4
II M 1946 37 1-3 0-7 0 9

6 I F 1927 49 0-6 - 0-6
II F 1948 36 2-0

7 I F 1926 34 0-6 01 04
II F 1950 14 0-6 0-2 0 4

8 I F 1927 38 1.0 0 0 0.1
II F 1952 23 3 0 0 1 0-2
II M 1954 21 0 5 1 0 0-6

9 I F 1901 33 0-2 - 0-2
II F 1935 29 0 3 0-6 0 5
III M 1958 23 1.0 1-4 1 3

10 I M 1921 34 04 - 04
II M 1950 22 0-2 0.0 0-2
II M 1956 22 0 4 - 0 4

11 I F 1892 50 0 4 - 0-4
II F 1913 44 0 5 0-8 07

12 I M 1921 47 0 5 00 0-2
II F 1948 36 ? ? 0 5
II M 1953 22 ? ? 0-4

13 I M 1936 20 04 0.0 0-3
II M 1973 15 2-5 - 2-5

14 I M 1915 21 0 7 0.0 04
II M 1946 16 0-6 - 0-6
II F 1952 20 0 4 - 04

F = female, M= male, ? = unknown, - = no treatment with lithium

Table 2 Episodes per year in generations I and II with and without lithium treatment

Treatment Generation No Episodes per year

Range Mean (SD) p

No lithium I 15 0 1-1 5 0 50 (0 36)
II 17 0-2-3-0 0-95 (0 76) <0 03

With lithium I 9 0-0-0 6 0-14 (0-23)
II 12 0 0-2 0 0-72 (0-57) <0-006

Total I 15 0 1-0-7 0 33 (0-18)
II 20 0-2-2-5 0-78 (0-58) <0-002

30
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Figure 1 The differences in age at onset (AO) between the 20 family pairs with BPAD.
P=parent, O= offspring.

STATISTICAL ANALYSIS
The three generation family was broken up

into two generation pairs, so the person in the
middle generation appeared once as a parent

and once as a child. For comparing generation
I and generation II, the Wilcoxon rank sum

test for independent samples was used to test

for statistical significance. To investigate pa-

ternal or maternal inheritance and for the
correlation analyses, however, pairwise com-
parisons were made within parent-offspring
pairs. Each of the five families with two BPAD
children were treated as two parent-offspring
pairs. Statistical significance was tested by the
Wilcoxon rank sum test for pair observations.
Correlation analyses were performed by Spear-
man correlation coefficients. Two tailed p val-
ues were used for all tests.

Results
The family data including sex, generation, year
of birth, age at onset, total episodes per year,
and episodes per year with and without lithium
treatment are shown in table 1.

In generation I (n= 15) the range for birth
year was 1892-1940 and for age at onset 20-52
years. The corresponding figures for generation
II (n = 20) were 1913-1974 and 14-44 years,
respectively. The mean age at onset was 35-1
(SD 10-3) in generation I and 25-0 (SD 8 4) in
generation II. There was a significant difference
(p<0008) in age at onset (10- 1 years) between
generations I and II.
The number of episodes per year in gen-

erations I and II, with and without lithium
treatment, can be seen in table 2. A significantly
higher frequency (p<0002) of total episodes
per year was found in generation II (0-78,
SD 0 58) compared with generation I (0-33,
SD O-18). There were also significant differ-
ences in episodes per year with (p<0006) and
without (p<003) lithium treatment between
generations I and II, with the highest fre-
quencies in generation II.
The distribution of the age at onset (AO) for

the 20 parent-offspring pairs can be seen in fig
1. Anticipation (age at onset in parent minus
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Figure 2 Distribution of anticipation (age at onset in parent minus age at

offspring) of 20 cases with BPAD. A normal distribution curve is plotted.
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age at onset in offspring) was distributed as
shown in fig 2. The plot of anticipation against
parental age at onset is shown in fig 3, with
the regression line showing a positive intercept.
There was a highly significant correlation

(r=0-71, p<0001) for age at onset between
generations I and II, which can be seen in fig
4. There was also a significant correlation for
age at onset between father and offspring (r=
0 94, p<0-001). No such significant correlation
was found between mother and offspring and
between mother and daughter, respectively.
When studying the inheritance from father to
son there was a highly significant correlation
(r=0-97, p<0001, n=7) for age at onset be-
tween generations I and II.

Maternal and paternal inheritance can be
seen in tables 3 and 4. There were significant
differences in total episodes per year and age
at onset between father and offspring (p<005,

onset in p<0008), mother and offspring (p<0005,
p<0005), and mother and daughter (p<003,
p<002). There was also a significant differ-
ence in age at onset between father and son
(p<002).
To search for a possible cohort effect con-

tributing to the difference in age at onset within
parent-offspring pairs, we calculated the cor-
relation between the year of birth difference
and the onset age difference within the pairs.
We found the correlation to be non-significant
(r=0 01, p=097, n=20), indicating an ab-
sence of cohort effect.

Figure 3 Regression analyses between anticipation (age at onset in parent minus age at
onset in offspning, AOD) and parental age at onset (PAO).
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Figure 4 Correlation analyses for age at onset (year) between generations I and II.

Table 3 Paternal and matemal inheritance of bipolar affective disorder: age at onset
Generation No Age at onset
pair

Range (y) Mean (SD) Diff p

Father-offspring 9
Father 20-52 33-4 (12-6)
Offspring 15-37 23-1 ( 80) 10-3 (7 0) <0-008
Mother-offspring 11
Mother 30-50 36-0 ( 74)
Offspring 14-44 26-5 ( 88) 9-5 (6 6) <0 005
Father-son 7
Father 20-52 33-3 (12-5)
Son 15-37 217 ( 74) 11-6 (7-1) <002
Mother-daughter 7
Mother 30-50 37-7 ( 85)
Daughter 14-44 26-4 (10-6) 11-3 (5-5) <0-02

Discussion
Our results support the occurrence of an-

ticipation in families with BPAD. We found
evidence for both a decrease in age at onset
and an increase in severity of the disease in
successive generations.

In this study we have exclusively selected
families with unilinear inheritance of BPAD in
order to avoid the possibility of transmission
of genetic material responsible for the disease
from both parents. At present it is not possible
to exclude the possibility that the BPAD could
be a heterogeneous group containing more than
one disorder and more than one mode of in-
heritance. We have also excluded pedigrees
containing diagnoses such as schizophrenia,
schizoaffective disorder, unipolar depression,
and mania for the same reasons. This gives us

a fair opportunity to study anticipation as a

mode of inheritance in BPAD.
In a recent study of BPAD, the disease had

8-9-13-5 years earlier age at onset and was

1-8-3-4 times more severe in generation II
compared with generation I.9 In our study the
disease had about 10 years earlier age at onset
and was about twice as severe in the second
generation, which is in good agreement with
previous results.

Generation II showed a significantly higher
(p<003) frequency of episodes per year during
the period without lithium treatment. A sig-
nificantly higher frequency (p<0006) of epis-
odes per year was also found during treatment
with lithium. Therefore, we suggest that lithium
is less protective in successive generations,
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Table 4 Paternal and maternal inheritance of bipolar affective disorder: episodes per year
Generation No Episodes per year
pair

Range Mean (SD) Diff p

Father-offspring 9
Father 0-2-0-7 0-38 (0-15)
Offspring 0-2-2.5 0 77 (0 70) 0 39 (0-71) <0 05
Mother-offspring 11
Mother 0-1-0-6 0-25 (0-19)
Offspring 0-2-2-0 0-80 (0-51) 0.55 (0-41) <0 005
Father-son 7
Father 0-2-0-7 0 40 (0-15)
Son 0-2-2-5 0-86 (0-78) 0-46 (0 80) <0 08
Mother-daughter 7
Mother 0-1-0-6 0-29 (0-19)
Daughter 0-2-2-0 0 79 (0-59) 0 50 (0 48) <0 03

which is also an indication that the disease is

more severe in the next generation.
Interestingly, we found a highly significant

correlation (p<OOOl) between age at onset in
generation I compared to II, which further
supports a genetic mode of transmission in
BPAD. We also found evidence of only positive
anticipation (fig 3). These results suggest the
occurrence of anticipation rather than as-

certainment bias or some other artefact.26
The phenomenon of imprinting, with pre-

ferential expression of the maternally or

paternally inherited allele, is known to affect
gene expression and development. In this study
we found that paternal or maternal trans-
mission of genetic material influenced the age
at onset and severity ofthe disease in the second
generation equally. However, the correlation
coefficients for age at onset between father and
offspring was higher than that between mother
and offspring.

Sporadic cases are often found in many psy-
chiatric diseases such as schizophrenia, schizo-
affective disorder, bipolar affective disorder,
unipolar depression, and mania. These cases

are usually called non-familial with no obvious
hereditary background in the family. Ifthe same
phenomenon with the decreasing of tri-
nucleotide repeats between generations (as re-

cently shown for myotonic dystrophy2') is

occurring in BPAD, followed by an expansion,
this could be an explanation for the occurrence

of some of the sporadic cases.

Many pedigrees show a heterogeneous pat-
tern with different diagnoses within the same

pedigree. Lately, the question has again been
raised whether schizophrenia and affective dis-
order are genetically associated.28 An in-
heritance model with a differential expansion
of trinucleotide repeats in the same locus for
different persons may turn out to be an im-
portant candidate to explain the observed het-
erogeneity.
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