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three-generation study

Background

The well-known adverse consequences of maternal
depression prompts consideration of the importance of
learning more about intergenerational transmission in
order to identify individuals at risk of developing depressive
disorders.

Aims

To follow two generations of women with major depressive
disorder (MDD) and to examine the risk of MDD in the third-
generation children.

Method

Aregister-based, retrospective cohort study of all women bornin
Sweden between 1973 and 1982 who had given birth during the
study period, their mothers and their children. All generations
were followed until 2013. Data was stratified into two cohorts:
women born between 1973 and 1977 and those born between
1978 and 1982.

Results

Second-generation women were twice as likely to be diagnosed
with MDD if their mothers had been diagnosed with MDD. If both
previous generations had been diagnosed with depression the
likelihood of the third-generation child being diagnosed with
MDD was markedly increased (odds ratio (OR) = 5.07, 95% ClI
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4.06-6.34 and OR =7.20, 95% CI 4.41-11.77 in cohort 1 and
cohort 2, respectively).

Conclusions

There is a strong intergenerational impact in the transmission of
MDD. The risk of MDD is especially high in individuals with MDD in
both previous maternal generations.
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Depressive disorders are highly prevalent and represent a major
health problem with a lifetime prevalence of mood disorders of
20.8%."> Although depression is a serious illness for both men
and women there is a large body of evidence showing that depres-
sion is twice as common in women as in men.>’ The cause for
this uneven gender distribution is not fully understood but may
partly be explained by biological, genetic, cultural and environmen-
tal causes.™ There is consistent evidence that depression is asso-
ciated with other impairments and secondary morbidity that
include both somatic and mental disorders.”® The effect of
women’s mental health on the child and future generations has
been much debated. Questions have been raised concerning the
relative importance of genetic and non-genetic factors through
twin and two-generation studies.”®

In a sequence of articles on a longitudinal family cohort,
Weissman et al”'® investigated the lifetime rate of psychiatric
disorders in three generations. They found high rates of psycho-
pathology in the cohort’s third generation which, in the study
from 2016, consisted of 351 grandchildren. These rates were
especially high if major depressive disorders (MDD) had been
diagnosed in both previous generations.” To our knowledge
there are no population-based studies that have gone beyond
two generations. The aim of the present study was to follow
two generations of women with diagnoses of major depression
and to subsequently examine the risk of MDD and use of spe-
cialised healthcare among their children, ie. the third
generation.

Method

Population

This is a population-based, nationwide, retrospective cohort study
that included all women who gave birth during 1973-1977 (n=
169782) or 1978-1982 (n=154931) divided into two cohorts.
These women will be referred to as ‘grandmothers’ or ‘first-gener-
ation women’ throughout this article. Their daughters, who will
be referred to as ‘second-generation women’ or ‘mothers’, were
also included (n=244153 and n =223 892, respectively) as was
the third generation, ie. the offspring of the second-generation
women (n=381953 and n =238 625, respectively). See Fig. 1 for
an overview of the inclusion and ‘labelling’ of the study participants.
The study population was followed until 2013.

Ethical approval was received from the Regional Ethical Review
Board, Linképing, Sweden (no. 03-556, 03-557, 07-M66 08-08-M
233-8 and 2014/112-31). Informed consent is not applicable.

Registers

The information on the first- and second-generation women
(grandmothers and mothers) as well as the third-generation chil-
dren included in this study was retrieved from Swedish popula-
tion-based registries. All Swedish residents are given unique
personal identification numbers, which allow us to individually
link the information in the different registers.
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Fig. 1 Flow chart of study participants in the three different

generations.

Information on the study participants in this study, first- and
second-generation women as well as third-generation children,
was retrieved from Swedish population registers. Each and every
person residing in Sweden is provided a personal identification
number allowing linkage of information in different registers. The
registers used in this study were:

(a) The Swedish medical birth register (MBR): the MBR is held by
the Swedish National Board of Health and Welfare and covers
97-99% of births."" The register contains medical information
pertaining to all births since 1973 and onwards, including pre-
natal care, delivery and neonatal care.
The total population register (TPR) and the multi-generation
register: the TPR is held by Statistics Sweden and was estab-
lished in 1968.'>'* The register contains information on vari-
ables such as births, deaths, migrations and marital status.
The education register and the population and housing census:
since 1985, Statistics Sweden has continuously collected infor-
mation on the educational level of the population in the
Education Register.'*™*¢
(d) The national patient register (NPR): the NPR was originally
established in 1964. Its main focus is on psychiatric diagnoses.
From 1987 all in-patient visits have been included, and in 2001
out-patient visits were added to the register.'”'®

(b

=

(c

~

These registers have all been previously evaluated.'"'*™' The
Inpatient Register was most recently evaluated by Ludvigsson et al
in 2011, where it was concluded that the register is of good
quality with a high validation rate.'” Similarly, the education regis-
ter, the MBR, the TPR and the cause of death register have been
evaluated and deemed to be of high quality.

Diagnoses

In order to identify individuals with MDD in the three generations,
psychiatric in- and out-patient care diagnoses were collected from
the NPR. The depression diagnoses are based on the Swedish
version of ICD from the World Health Organization (WHO).*
Between 1969 and 1987 ICD-8 was in use. In 1997, the healthcare

system changed so that ICD-9 to ICD-10 were used. During 1997,
ICD-9 and ICD-10 were used interchangeably. MDD diagnoses in
ICD-8 were identified as codes 296.00-296.09, 296.20-296.29,
298.00-298.09, in ICD-9 as codes 296B, 296X, 298A, 300E, 311-
and in ICD-10 codes F32-33. WHO conversion tables were used
to translate ICD-10 codes into ICD-9 codes and then ICD-8
codes.”> Adjustments in the translation between ICD versions
were performed by three of the authors, two medical doctors (A.].
and J.V.) and a behavioural scientist (G.S.) in order to only
include MDD diagnoses.

Definitions

The variable ‘MDD diagnosis’ was divided into two categories
according to ICD-10, diagnosis present and diagnosis not present.
For the grandmothers (first-generation women), the included socio-
demographic variables were: parity (no previous children/previous
children), highest attained level of education (elementary, high
school and graduate/postgraduate), region of origin (Nordic
(Sweden, Norway, Finland, Denmark, and Iceland)/non-Nordic (all
other countries)), marital status (married, unmarried and divorced/
widowed), age at childbirth (<20 years, 20-26 years, 27-33 years
and >33 years). The same set of sociodemographic factors were col-
lected for the mothers (second-generation women) except for region
of origin since the MBR is restricted to births occurring in Sweden.

For the third-generation children, data on the total number of
out- and in-patient visits for any cause of morbidity were also col-
lected. A cut-off of incidences of 0-1 visits/>2 visits for in-patient
data and 0-10 visits/>11 visits for out-patient data was determined
arbitrarily. These served as proxies for general morbidity among the
third-generation children.

Statistical analysis

In order to examine the risk of receiving an MDD diagnosis among
the second-generation women (mothers) and third-generation chil-
dren, Pearson’s x* analyses were performed to examine bivariate dif-
ferences. Data was also analysed using unadjusted as well as adjusted
logistic regression analyses in order to estimate the odds ratio (OR)
and the corresponding 95% confidence interval of being diagnosed
with MDD. The dependent variable was the presence of MDD diag-
noses, as well as number of in- and out-patient visits among the
third-generation children. The independent variables included in
the analyses were educational level, region of origin, marital
status, age when gave birth and indicator of an MDD diagnosis in
the previous generation(s). All analyses were stratified by the
mothers’ (second-generation women) year of birth, where cohort
1 pertained to women born between 1973 and 1977, and cohort 2
to women born between 1978 and 1982. This stratification was as
a result of the fact that the follow-up of the grandchildren (third-
generation children) of those in the older cohort was more complete
(cohort 1 were nearing the end of their reproductive era, and their
children were, on average, somewhat older allowing for a more
complete collection of data) than for those in the younger cohort.
A P <0.05 (two-sided) was considered statistically significant. All
analyses were performed using SPSS, version 22.0.

Results

A total of 17 413 of 324 713 (5.4%) grandmothers (first generation)
had been diagnosed with an MDD; 8724 of 169 782 (5.1%) in cohort
1 and 8689 of 154 931 (5.6%) in cohort 2. Among their daughters,
the second-generation women, 32 221 of 468 045 (6.9%); 15 880 of
244 153 (6.5%) in cohort 1 and 16 341 of 223 892 (7.3%) in cohort
2 had been diagnosed with an MDD. Finally, among the ‘third-
generation children’, 2033 of 381 953 (0.5%) in cohort 1, and 273



of 238 625 (0.1%) in cohort 2 had been diagnosed with MDD. Of
these of 381 953 ‘third-generation children’, a total of 65838 had
had more than ten out-patient visits (median 4, range 1-261) and
53 649 had had two or more in-patient visits (median 4, range 1-
504), as presented in Table 1.

In Table 2, sociodemographic background data are presented
for the first-generation women (grandmothers), and all women
(second generation), whether or not they had had any children
during the study period. Both cohorts of grandmothers (first gener-
ation) diagnosed with an MDD had a lower level of education and
were more likely to have been divorced or widowed compared with
those without an MDD diagnosis. The first-generation women diag-
nosed with an MDD were also younger when they gave birth.
Moreover, the second-generation women diagnosed with an
MDD had a lower level of education, were more likely to be either
widowed or divorced, and were less likely to have given birth to at
least one child, although those who had had a child were of a
younger age compared with second-generation women not diag-
nosed with an MDD.

In addition, women (second generation) diagnosed with an
MDD had mothers (first-generation women) who to a greater
extent had been diagnosed with an MDD, but they had also had
more frequent visits to the hospital because of their MDD compared
with women (second generation) whose mothers (first-generation
women) were not diagnosed with an MDD.

The same findings were present when we limited the study
population to only include second-generation women who had
become mothers during the study period (Table 3). Moreover,
mothers (second-generation women) diagnosed with MDD more
often had children who had had multiple visits to the hospital,
both as in- and out-patients, compared with mothers (second gen-
eration) without MDD diagnoses. Children of mothers (second-
generation women) diagnosed with an MDD were also diagnosed
with an MDD to a greater extent than those with mothers
(second-generation women) without an MDD diagnosis.

The overall mean age of the third-generation children was 7.40
(s.d. =4.66) in cohort 1 and 4.36 (s.d. = 3.48) in cohort 2, whereas
the mean age of the children who had received an MDD diagnosis
was 16.06 (s.d. = 2.80) in cohort 1 and 13.39 (s.d. = 2.36) in cohort 2.

In studying the transmission of depression, data were analysed
through unadjusted and adjusted logistic regression. The unadjusted
logistic regression revealed that if the grandmother (first-generation
women) had been diagnosed with MDD the odds ratio of the
mothers (second-generation women) being given an MDD diagnosis
was more than twice as high (1973-1977: OR =2.13, 95% CI 2.02-
2.25; 1978-1982 OR=2.35, 95% CI2.23-2.47 for cohort 1 and
cohort 2, respectively) (Table 4). Moreover, third-generation children
whose mothers (second-generation women) and/or grandmothers

Table 1

Major depressive disorder in women and risk for future generations

(first-generation women) had been diagnosed with an MDD had
a higher odds ratio of having two or more out-patient visits, and a
higher odds ratio of having more than ten out-patient visits and
for being diagnosed with MDD in both cohorts when compared
with third-generation children where none of the women in the pre-
vious two generations had been diagnosed with an MDD. Also, chil-
dren in the third generation exhibited a substantially increased odds
ratio for being diagnosed with an MDD if both first- and second-
generation women had been diagnosed with an MDD (OR = 5.07,
95% CI 4.06-6.34; OR=7.20, 95% CI4.41-11.77 in cohort 1 and
cohort 2, respectively) compared with third-generation children
where none of the women in the first or second generations had
been diagnosed with an MDD. Although adjusting for sociodemo-
graphic factors reduces the odds ratios somewhat, the increased
likelihood still remains statistically significant (Table 5).

To further elucidate the relationship of the increased odds ratio
for a third-generation child having received an MDD diagnosis and
having a mother (second-generation woman) and/or grandmother
(first-generation women) diagnosed with an MDD, data was strati-
fied by age of diagnosis of the child. This analysis revealed that in
both cohorts there appeared to be a dose-response effect, in both
of the age groups, for the risk of the third-generation child being
diagnosed with an MDD. The lowest risk was present when only
the grandmother (first generation) had been diagnosed with an
MDD (cohort 1: OR=1.12, 95% CI 1.07-1.18 and OR =1.15, 95%
CI'1.07-1.24, <13 and >13 years old, respectively; cohort 2: OR =
1.19, 95% CI 1.12-1.26 and OR=1.22, 95% CI 0.98-1.52, <13
and >13 years old, respectively) and the highest risk was present
if both mother (second generation) and grandmother (first gener-
ation) had been diagnosed with an MDD (cohort 1: OR=1.90,
95% CI'1.68-2.14 and OR =1.96, 95% CI 1.68-2.28, <13 and >13
years old, respectively; cohort 2: OR =2.00, 95% CI 1.78-2.24 and
OR =1.85, 95% CI 1.29-2.63, <13 and >13 years old, respectively)
(Table 6).

Discussion

Main findings

This large three-generation, nationwide population-based retro-
spective cohort study shows a strong intergenerational impact on
the transmission of MDD. Mothers (second generation) are more
than twice as likely to be diagnosed with MDD if their mothers
(first generation) have received such a diagnosis. Although the pres-
ence of MDD in the first generation increases the risk of MDD for
the children of the third generation, the risk is even higher if MDD is
present in the second generation. Furthermore, the risk is highest in
the third-generation children who have a mother (second

Descriptive information on major depression diagnosis and hospital visits for the three generations included in the study

Second-generation
Mothers (second generation),? total
Mothers with MDD diagnosis

Third generation
Children (third generation),” total

244 153
15 880 (6.5)

381953 (61.5)

Children with MDD diagnosis 2033 (0.5)

Children with >10 out-patient visits 65 838 (17.2)

Children with >2 in-patient visits 53 649 (14.0)
First-generation

Grandmothers (first generation),® total 169 782

Grandmothers with MDD diagnosis 8724 (5.1)

a. All mothers were born between 1973 and 1982.
b. All children were born between 1987 and 2012.
¢. All grandmothers were born between 1924 and 1978.

Cohort 1, 1973-1977, n (%)

Cohort 2, 1978-1982, n (%) Total, 1973-1982, n (%)
223 892 468 045

16 341 (7.3) 32221 (6.9)

238 625 (38.4) 620 578

273 (0.1) 2306 (0.4)

30 638 (12.8) 96 476 (15.5)

26 262 (11.0) 79 911 (12.9)

154 931 324713

8689 (5.6) 17 413 (5.4)
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Table 2 Sociodemographic characteristics of the study participants born between 1973 and 1982 and who had and had not become mothers

Cohort 1, 1973-1977 Cohort 2, 1978-1982
MDD, n (%) MDD, n (%)
No Yes P No Yes P
First-generation mothers
Parity
Primi 99 875 (43.8) 6 897 (43.4) 0.431 84 916 (40.9) 6518 (40.0) 0.017
Multi 128 398 (56.2) 8 983 (56.6) 122 662 (59.1) 9 796 (60.0)
Educational level
Elementary 48 883 (22.1) 3671 (23.6) <0.001 34 662 (17.2) 3125 (19.3) <0.001
High school 107 754 (48.8) 7 695 (49.4) 98 966 (49.1) 7 949 (49.2)
Graduate/postgraduate 64 067 (29.0) 4221 (27.1) 68 091 (33.8) 5091 (31.5)
origin
Nordic 218 608 (95.8) 15323 (95.9) 0.353 195 971 (94.4) 15 484 (94.9) 0.007
Non-Nordic 9 665 (4.2) 648 (4.1) 11 607 (5.6) 830 (5.1)
Civil status
Married 186 430 (84.3) 12 269 (79.7) <0.001 173795 (84.6) 13 064 (80.8) <0.001
Single 17 055 (7.7) 1428 (9.3) 20335 (9.9) 1858 (11.5)
Divorced/widowed 17 699 (8.0) 1706 (11.1) 11315 (5.5) 1244 (7.7)
Age when gave birth, years
13-19 15 628 (6.8) 1489 (9.4) <0.001 9 327 (4.5) 1042 (6.4) <0.001
20-26 108 536 (47.5) 7 468 (47.0) 86 882 (41.9) 6813 (41.8)
26-33 86 429 (37.9) 5647 (35.6) 87 063 (41.9) 6418 (39.3)
>34 17 680 (7.7) 1276 (8.0 24306 (11.7) 2041 (12.5)
Second-generation women
Educational level
Elementary 9 684 (4.4) 1783(11.3) <0.001 11832 (5.9 2371 (14.6) <0.001
High school 86 961 (39.2) 6786 (42.8) 69 736 (34.7) 6411 (39.5)
Graduate/postgraduate 125 313 (56.5) 7 269 (45.9) 119 373 (59.4) 7 439 (45.9)
Civil status
Married 120 399 (52.7) 7 217 (45.4) <0.001 82 510 (39.7) 5568 (34.1) <0.001
Unmarried 104 731 (45.9) 8 205 (51.7) 123 681 (59.6) 10 499 (64.4)
Divorced/widowed 3142 (1.4) 458 (2.9) 1387 (0.7) 247 (1.5)
Childbirth
No 47 555 (20.8) 4163 (26.2) <0.001 70 415 (33.9) 6359 (39.0) <0.001
Yes 180 718 (79.2) 11717 (73.8) 137 163 (66.1) 9 955 (61.0)
First-generation mother diagnosed with depression?
Yes 15 665 (6.9) 2230 (14.0) <0.001 15041 (7.2) 2 505 (15.4) <0.001
No 21 2608 (93.1) 13 650 (86.0) 192 537 (92.8) 13 809 (84.6)
Age when gave birth, years
13-19 3071 (1.8) 571 (5.2) <0.001 2111 (1.8) 444 (5.1) <0.001
20-26 36 830 (22.0) 3245 (29.8) 33361 (28.7) 3326 (38.0)
26-33 93 162 (55.6) 4 982 (45.8) 79 541 (68.3) 4901 (56.0)
>34 34 471 (20.6) 2086 (19.2) 1407 (1.2) 77 (0.9)
Parity
Primi 91 734 (54.8) 6372 (58.5) <0.001 75 360 (64.7) 5714 (65.3) 0.268
Multi 75 800 (45.2) 4512 (41.5) 41 060 (35.3) 3034 (34.7)
MDD, major depressive disorder.
a. This number does not add up to the number presented in Table 1 since each first-generation woman may have had more than one child.

generation) as well as a grandmother (first generation) with MDD
history. These children also have an increased overall consumption
of specialised healthcare indicating a higher degree of ill health.
Hence, it appears that there is a dose-response effect in the trans-
mission of depression but also that the strength of transmission
decreases with an increasing number of generations.

Comparison with findings from other studies and
interpretation of our findings

In the present study, 5.4% of the grandmothers (first generation)
and 6.5% of the mothers (second generation) had, at some point
in their lives, received an MDD diagnosis. Some community-
based studies***® have found lifetime MDD prevalence rates as
high as 45% in women, whereas other studies have found these
rates to be about 14%. In their study, Bromet et al’ commented
on the large variations in rates between studies and between coun-
tries, noting that rates are higher in high, compared to low, income
countries. According to Ebmeier et al.! one-sixth of individuals will

experience an MDD episode during their lives of which only 25-
50% will seek healthcare. Thus, the relatively low rates found in
the present study are probably explained by the fact that these indi-
viduals have actually sought healthcare, and are further reduced
because the NPR only covers specialised, and not general, care.
Even though the oldest mothers (second generation) were only 40
years of age at the end of the study period, the cumulative prevalence
rates were higher in these women compared with the lifetime preva-
lence rates of the women in the first generation. This is probably
because of an increased acceptance and decreased stigmatisation
of mental disorders and thus an increased tendency in these
women to seek psychiatric care.

The rates of MDD diagnoses among the children (third gener-
ation) were 0.5% in the older cohort 1 and 0.1% in cohort 2. The
reason for these low prevalence rates was probably that the children
of the third generation were still very young. The mean age in cohort
1 was about 7 years, and in cohort 2 it was 4 years. Costello et al*®
estimated that the cumulative prevalence rate of any depression dis-
order would be 9.5% before 16 years of age. Meanwhile, Domeénech-
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Table 3 Sociodemographic characteristics of the study participants, limited to women born between 1973 and 1982 who had become mothers

Cohort 1, 1973-1977 Cohort 2, 1978-1982
MDD, n (%) MDD, n (%)
No Yes & No Yes P
First-generation mothers
Parity
Primi 155 768 (43.4) 10 179 (43.7) 0.347 89 236 (40.2) 6869 (40.8) 0.135
Multi 202 915 (56.6) 13091 (56.3) 132 561 (59.8) 9959 (59.2)
Educational level
Elementary 81 305 (22.9) 5834 (25.5) <0.001 43 346 (19.7) 3808 (22.9) <0.001
High school 175 878 (49.6) 11 594 (50.8) 114 307 (51.9) 8721 (52.3)
Graduate/postgraduate 97 652 (27.5) 5410 (23.7) 62 644 (28.4) 4133 (24.8)
Origin
Nordic 347 459 (96.9) 22 406 (96.3) <0.001 212 352 (95.7) 16 092 (95.6) 0.476
Non-Nordic 11224 (3.1) 864 (3.7) 9445 (4.3) 736 (4.4)
Civil status
Married 294 853 (84.9) 18 041 (79.8) <0.001 186 880 (85.1) 13 371 (80.1) <0.001
Single 24 921 (7.2) 2045 (9.0) 21014 (9.6) 1945 (11.7)
Divorced/widowed 27 569 (7.9) 2521 (11.2) 11 623 (5.3) 137582
Age when gave birth, years
13-19 27 895 (7.8) 2787 (12.0) <0.001 13 484 (6.1) 1586 (9.4) <0.001
20-26 176 343 (49.2) 11 495 (49.4) 103 504 (46.7) 7 948 (47.2)
26-33 129 065 (36.0) 7 364 (31.6) 83603 (37.7) 5651 (33.6)
>34 25 380 (7.1) 1624 (7.0) 21 206 (9.6) 1643 (9.8
Second-generation mothers
Educational level
Elementary 15555 (4.3) 2979 (12.8) <0.001 15982 (7.2) 3181 (18.9) <0.001
High school 144 091 (40.2) 10 833 (46.6) 88 987 (40.2) 7 581 (45.1)
Graduate/postgraduate 198 913 (55.5) 9 440 (40.6) 116 650 (52.6) 6 048 (36.0)
Civil status
Married 236 018 (65.8) 13 827 (59.4) <0.001 127 691 (57.6) 8710 (51.8) <0.001
Single 115757 (32.3) 8415 (36.2) 91367 (41.2) 7 564 (44.9)
Divorced/widowed 6907 (1.9) 1028 (4.4) 2739(1.2) 554 (3.3)
Mother diagnosed with depression®
Yes 25233 (7.0) 3275 (14.1) <0.001 17021 (7.7) 14123 (83.9) <0.001
No 333450 (93.0) 19 995 (85.9) 204 776 (92.3) 2 705 (16.1)
Age when gave birth, years
13-19 7710 (2.1) 1360 (5. <0.001 4947 (2.2) 985 (5.9) <0.001
20-26 84 122 (23.5) 7 316 (31.4) 71531 (32.3) 6 967 (41.4)
26-33 199 112 (55.5) 10 610 (45.6) 142 995 (64.5) 8741 (51.9)
>34 67 739 (18.9) 3984 (17.1) 2324 (1.0) 135 (0.8)
Parity
Primi 170 844 (47.6) 11093 (47.7) 0.906 123 684 (55.8) 9 150 (54.4) <0.001
Multi 187 839 (52.4) 12 177 (52.3) 98 113 (44.2) 7 678 (45.6)
Out-patient visits
0-10 29 8951 (83.3) 17 164 (73.8) <0.001 194 666 (87.8) 13321 (79.2) <0.001
>11 59732 (16.7) 6106 (26.2) 27131 (12.2) 3507 (20.8)
In-patient visits
0-1 310 185 (86.5) 18 119 (77.9) <0.001 198 409 (89.5) 13 954 (82.9) <0.001
>2 48 498 (13.5) 5151 (22.1) 23 388 (10.5) 2 874 (17.1)
Depression diagnosis (child)
Yes 1615 (0.5 418 (1.8) <0.001 192 (0.1) 81(0.5) <0.001
No 357 068 (99.5) 22 852 (98.2) 221 605 (99.9) 16 747 (99.5)
MDD, major depressive disorder.
a. This number does not add up to the number presented in Table 1 since each first-generation woman may have had more than one child.

Llaberia et al’” found in their community-based study on 1427 chil-
dren aged 3-6 years that 1.12% met MDD criteria. The differences
between these results and those of the present study are of course,
once again, that the children in the present study had sought and
been diagnosed in specialist psychiatric care.

The present study also showed that grandmothers (first gener-
ation) and mothers (second generation) with an increased incidence
of MDD had a lower educational level and gave birth at a younger
age, which might demonstrate a greater socioeconomic burden.
This might either be an effect of the depressive morbidity itself or
a contributing factor. It is also possible that mothers with a lower
socioeconomic status are more prone to depression.

Our finding that maternal MDD is associated with an elevated
risk for MDD diagnoses among the children is consistent with the

results of earlier studies on parental depression.®*"'* In addition,
the results of the present study are partially in accordance with
those seen in the three-generation interview study on the familial
aggregation of psychiatric disorders conducted by Weissman
et al’ Both studies have found the risk of MDD to be highest in
third-generation children if both previous generations have been
afflicted by depression. Taken together, the results indicate the
importance of screening for family history beyond the parental
generation.

Transmission of MDD risk across generations is likely to be the
result of a combination of genetic, biological and psychosocial
factors. In a three-generation study by Hammen et al,*® information
on MDD diagnoses in the first generation of women was retrieved
through accounts from the second-generation women. They
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Table4 Unadjusted odds ratios and corresponding 95% confidence intervals on the intergenerational effect of depressive disorder in three generations?

OR Mother diagnosed with MDD
Grandmother diagnosed with MDD

OR child has in-patient care®
Only mother diagnosed with MDD

None diagnosed with MDD
OR child has out-patient care®

Only mother diagnosed with MDD

None diagnosed with MDD
OR child diagnosed with MDD

Only mother diagnosed with MDD

None diagnosed with MDD

MDD, major depressive disorder.

Grandmother not diagnosed with an MDD
Grandmother or mother diagnosed with MDD

Only grandmother diagnosed with MDD

Mother and grandmother diagnosed with MDD

Only grandmother diagnosed with MDD

Mother and grandmother diagnosed with MDD

Only grandmother diagnosed with MDD

OR (95% Ci)

Cohort 1, 1973-1977

2.13 (2.02-2.25)
Reference

223 (2.03-2.45)
1.79 (1.73-1.86)
1.18 (1.14-1.23)
Reference

1.99 (1.82-2.18)
1.78 /1.72-1.83)
1.19 (1.14-1.24)
Reference

5.07 (4.06-6.34)
4.15 (3.72-4.63)
1.68 (1.43-1.97)
Reference

a. All women were born between 1973 and 1982. All children were born between 1987 and 2012. All mothers were born between 1924 and 1978.

Cohort 2, 1978-1982

2.35(2.23-2.47)
Reference

2.10 (1.88-2.34)
1.72 (1.65-1.80)
1.22 (1.15-1.29)
Reference

2.30 (2.08-2.55)
1.87 (2.89-1.95)
1.27 (1.20-1.33)
Reference

7.20 (4.41-11.77)
6.03 (4.58-7.94)
2.63(1.78-3.87)
Reference

b. In-patient care categorised into 0-1 visits and >2 visits.
. Out-patient care categorised into 0-10 visits and >11 visits.

Table 5 Adjusted odds ratios and corresponding 95% confidence intervals on the intergenerational effect of depressive disorder in three generations?

a. All women were born between 1973 and 1982. All children were born between 1987 and 2012. All mothers were born between 1924 and 1978.

OR (95% CI)
Cohort 1, 1973-1977 Cohort 2, 1978-1982
OR (95% ClI) OR (95% CI)

OR Mother diagnoses with MDD
Grandmother diagnosed with MDD 1.91 (1.78-2.04) 2.12 (1.97-2.27)
Grandmother not diagnosed with an MDD Reference Reference

OR child has in-patient care®
Mother and grandmother diagnosed with MDD 1.74 (1.58-1.91) 1.67 (1.49-1.86)
Only mother diagnosed with MDD 1.53 (1.48-1.59) 1.50 (1.43-1.57)
Only grandmother diagnosed with MDD 1.10 (1.06-1.15) 1.11 (1.05-1.18)
None diagnosed with MDD Reference Reference

OR child has out-patient care®
Mother and grandmother diagnosed with MDD 1.66 (1.51-1.82) 1.78 (1.60-1.98)
Only mother diagnosed with MDD 1.60 (1.54-1.65) 1.58 (1.51-1.65)
Only grandmother diagnosed with MDD 1.13 (1.08-1.17) 1.12 (1.07-1.19)
None diagnosed with MDD Reference Reference

OR child diagnosed with MDD
Grandmother and mother diagnosed with MDD 2.17 (1.60-2.95) 3.00 (1.64-5.49)
Only mother diagnosed with MDD 2.46 (2.18-2.78) 2.91 (2.18-3.90)
Only grandmother diagnosed with MDD 1.32 (1.10-1.59) 1.30 (0.81-2.07)
None diagnosed with MDD Reference Reference

b. In-patient care categorised into 0-1 visits and >2 visits.
¢. Out-patient care categorised into 0-10 visits and >11 visits.

Table6 Unadjusted odds ratios and corresponding 95% confidence intervals on the intergenerational effect of depression in three generations, stratified

by age of the child (third generation)

OR child diagnosed with MDD

Mother and grandmother diagnosed with MDD
Only mother diagnosed with MDD

Only grandmother diagnosed with MDD

None diagnosed with MDD

MDD, major depressive disorder.

0-12 years
(n =324 000)
1.90 (1.68-2.14)
1.60 (1.53-1.67)
1.12 (1.07-1.18)

Reference

>13 years
(n=57953)
1.96 (1.68-2.28)
1.66 (1.57-1.77)
1.15 (1.07-1.24)
Reference

Cohort 2

0-12 years
(n=232926)
2.00 (1.78-2.24)
1.66 (1.58-1.74)
1.19 (1.12-1.26)

Reference

>13 years
(n=5699

1.85 (1.29-2.63)
1.54 (1.31-1.81)
1.22 (0.98-1.52)

Reference




found that transmission of depression across generations was
mediated by interpersonal stress, family discord and parenting per-
ceived negatively by the younger generations. In addition, previous
studies have shown that maternal depression can have negative
effects on the development and mental health of children.”** In
a 10-year follow-up study on offspring and parents with depression
and panic disorders, Hirsfeld-Becker and colleagues® found that
parental depression predicted mood disorders, more impaired func-
tioning and psychiatric hospital admission for the children.

Strengths and limitations

The national registers on which this study is based are validated and
reliable, with a high level of coverage and thus allow for studies on
large populations while adjusting for important confounding
factors. Another strength of register-based studies is that the risk
of recall bias is circumvented. However, a major limitation of this
study is the lack of information on diagnoses from general practice,
where, of course, many of those with less severe MDD are treated,
and the incomplete information on out-patient psychiatric care
diagnoses prior to 2001. In addition, only women are included in
the MBR; hence, the results of the present study are only generalis-
able to MDD in women that require psychiatric care. Another limi-
tation of this study is the lack of information on paternal mental
health and comorbidity, which might have served as confounding
factors. Finally, large populations also confer the risk of finding sig-
nificant differences that do not have clinical relevance. In addition,
the children of the third generation were still very young; hence,
further studies are needed to ascertain that the results from the
present study are still valid as the third-generation children age.
Since this is only the second study on transmission of MDD
across three generations, and the first study based on psychiatric
diagnoses, more studies are needed to verify the findings of this
study.

Implications

In conclusion, this study indicates that there is a strong generational
impact in the transmission of MDD. The risk of MDD and an
increased overall consumption of specialised psychiatric care is
especially high in individuals with MDD in both previous maternal
generations. There is evidence that screening for family history
should extend further than the parental generation.
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