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ABSTRACT
Objectives  To determine whether studying aetiological 
pathways of depression, in particular the well-established 
determinant of childhood trauma, only in a specialised 
mental healthcare setting can yield biased estimates of 
the aetiological association, given that the majority of 
individuals are treated in primary care settings.
Design and setting  Two databanks were used in this 
study. The Canadian Community Health Survey (CCHS) on 
Mental Health and Well-Being 2012 is a national survey 
about mental health of adult Canadians. It measured 
common mental disorders and utilisation of services. 
The Signature mental health biobank includes adults 
from the Island of Montreal recruited at the emergency 
department of a major university mental health centre. 
After consent, participants filled standardised psychosocial 
questionnaires, gave blood samples, and their clinical 
diagnosis was recorded. We compared the cohort of 
depressed individuals from CCHS and Signature in contact 
with specialised services with those in contact with 
primary care or not in treatment.
Participants  There were 860 participants with depression 
in the CCHS and 207 participants with depression in the 
Signature Bank.
Primary and secondary outcomes  The Childhood 
Experiences of Violence Questionnaire was used to 
measure childhood trauma in both settings. Childhood 
trauma is associated with depression as with other 
common mental and physical disorders.
Results  Individuals with depression in the CCHS who 
reported having been hospitalised for psychiatric treatment 
or having seen a psychiatrist or those from Signature were 
found to be more strongly associated with childhood abuse 
than individuals with depression who were treated in 
primary care settings or did not seek mental healthcare in 
the preceding year.
Conclusions  Berkson’s bias limits the generalisability 
of aetiological associations observed in such university-
hospital-based biobanks, but the problem can be remedied 
by broadening recruitment to primary care settings and the 
general population.

INTRODUCTION
Berkson’s bias or ‘paradox’ is a selection bias 
whereby a factor associated with a study’s 
sampling framework gives rise to an aetiolog-
ical association with the dependent variable of 

interest.1 Berkson, who first pointed out this 
bias, identified the role of hospital sampling 
in the association between two conditions: 
cholecystitis and diabetes.1 Later, Berkson’s 
bias was revealed in other associations, such 
as between respiratory disease and ‘disease of 
the bones and organs of movement’2 as well 
as between bladder cancer and smoking.3 
In the field of psychiatry, the Berkson’s bias 
was shown to play a role in the associations 
of positive and negative symptoms that we 
assume to constitute schizophrenia, since 
each of them is associated independently 
with mental healthcare use.4 The same would 
be true of the association between manic and 
depressive symptoms in bipolar disorder.5 
Also, the Berkson’s bias helped researchers 
show that patients with depression treated 

Strengths and limitations of this study

►► The same childhood trauma brief questionnaire was 
used in both the population survey and the biobank.

►► The study illustrates the selection bias known as 
Berkson’s bias, where the sampling frame for case 
identification is associated with a different distribu-
tion of the risk factor of interest, than other larger 
sampling frames where the majority of cases could 
be found.

►► The association of childhood abuse and depression 
found in other surveys remain valid but not as strong 
as ascertained only from patients in contact with 
specialist settings; the study points towards bio-
banks based on specialist settings, to also sample 
in primary care settings, patients identified with dis-
orders, treated or not, to better measure the causal 
association and pathways.

►► The ascertainment of depression was different in the 
populational survey (standardised questionnaires) 
than the biobank (admission psychiatrist).

►► Childhood trauma is also in the causal pathways 
of comorbidities like personality disorders and 
substance abuse, but only the latter could be as-
certained, and yet with the same limitation as mea-
surement of depression.
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in specialised care settings are more strongly associated 
with parental loss and separation, compared with patients 
treated in primary care settings.6 7

Depression is a common chronic disease affecting 
4.4%–5.9% of Canadian men and 11.4%–11.5% of Cana-
dian women in their lifetime.8 9 It is associated in 60% 
of cases with other common chronic diseases such as 
diabetes, hypertension and asthma.10 While the majority 
of patients with depression are treated in primary care 
settings,11 any of the above comorbidities or comorbid 
behaviours increase the likelihood of receiving special-
ised care. Childhood abuse is a known aetiological factor 
in depressive disorders. Childhood trauma, such as phys-
ical and sexual abuse, has been shown to be linked to 
psychopathology,12–16 including depression,17 suicidal 
behaviours,15 substance abuse,16 personality disorders,18 
physical health,19 premature mortality20 21 and offspring 
birth characteristics.22

Large demographic and biological databases are 
being used more and more to learn about the aetiology 
of illnesses, especially since the 1990s and the advent of 
genetic studies.23 Biobanks allow for cases and matched 
controls to be recruited from the same background 
population and social strata, and very large numbers 
of subjects can be used through international biobank 
collaborations.23 Aetiological relationships established 
through the use of such databanks may, however, present 
a bias that limits generalisability to the general popula-
tion. Patients drawn from specialised care settings tend 
to present greater illness severity and are thus representa-
tive only of the extreme end of a disorder’s spectrum. To 
our knowledge, although the presence of a Berkson’s bias 
in biobanks was considered by different researchers,24–26 
it was never tested empirically in any field of medicine, 
including psychiatry. It was against this background that 
we undertook a study to examine whether Berkson’s 
bias confounded the relationship between childhood 
trauma and depressive disorders in a recently constituted 
biobank, the Signature Bank, which draws participants 
from among emergency room patients and subsequently 
hospitalised for psychiatric treatment.27 28 Their profile 
was compared against that of participants in Statistics 
Canada’s Canadian Community Health Survey (CCHS) 
who reported depression and the use of different types 
of mental health services. We also sought to ascertain 
whether comorbid substance use disorder further influ-
enced the strength of the association between childhood 
abuse and depression.

METHODS
Two different sources of data were used in this study: the 
CCHS and the Signature Bank.

The CCHS is a survey conducted by the Canadian 
government to gather health-related data in each of its 
provinces. Its purpose is to ‘collect information on mental 
health status, access to and perceived need for formal and 
informal services and supports, functioning and disability, 

and covariates’.29 The 2012 CCHS covered a representa-
tive sample of about 25 000 respondents aged 15 and over 
across the 10 provinces of Canada, almost 5000 of which 
lived in Quebec.29 It did not include residents in the three 
territories, people living on reserves and other Aboriginal 
settlements, full-time members of the Canadian Forces 
and people living in institutions.29 The survey used a 
cross-sectional design, and, in each province, participants 
were randomly selected following a three-stage sampling 
strategy taking into account geographical regions, house-
hold and household members. Selected households 
were mailed information about the survey (introductory 
letter and brochure). Interviewers then contacted the 
households by telephone to set up an appointment for 
an interview. The vast majority of the interviews (87%) 
were conducted face to face, while the others were done 
over the phone. The survey was conducted by lay inter-
viewers who administered standardised questionnaires 
using computer-assisted interviewing.29 The response 
rates (combining household and person) were 68.9% 
for the 2012 CCHS.30 We focused on select sociodemo-
graphic, clinical and psychosocial variables covered in 
the survey. The sociodemographic variables were sex 
(male/female) and age group (20–34, 35–49, 50–64 and 
65+). Regarding clinical variables, we examined the pres-
ence of common mental disorders in the preceding 12 
months. We focused on two diagnostic categories: major 
depression and substance use disorder (alcohol or other 
drugs). The presence of these diagnoses in the last year 
was ascertained during the survey using variables derived 
from the Composite International Diagnostic Interview.31 
Substance use disorder was chosen because it was the 
only relevant comorbidity measured with sufficient accu-
racy in both the CCHS and the Signature Bank. Person-
ality disorders were not examined because they were not 
adequately measured in the CCHS. The psychosocial vari-
ables investigated included service utilisation for mental 
health reasons in the preceding 12 months and child-
hood traumatic experiences.29 Service utilisation was 
divided into four hierarchical categories: (1) hospitalised 
for psychiatric treatment or saw a psychiatrist, (2) saw a 
family doctor but was not hospitalised or did not see a 
psychiatrist, (3) saw a health professional other than the 
ones mentioned above and (4) none of the above. In the 
CCHS, the presence of childhood abuse was ascertained 
using items from the Childhood Experiences of Violence 
Questionnaire, an instrument shown to be valid and reli-
able in assessing youth victimisation.32 Three main types 
of abuse were considered: physical abuse, sexual abuse 
and exposure to intimate partner violence. Physical 
abuse was further broken down into three categories: (a) 
slapped on face, head or ears, hit or spanked, (b) pushed, 
grabbed, shoved, something thrown at and (c) kicked, 
bit, punched, choked, burned, attacked.

The Signature Bank was created in 2010 by the Institut 
universitaire en santé mentale de Montréal, a mental health 
university institute serving a population of about half 
a million people in the eastern part of the Island of 
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Montreal, to systematically collect biological data and 
‘dimensional signatures’ on all patients seen at its psychi-
atric emergency room.28 All patients who visited the 
emergency room during the recruitment period that 
started in November 2012 were invited to participate in 
our study. Almost 1000 persons were initially recruited by 
four clinical research nurses. Sociodemographic, clinical 
and psychosocial data were gathered initially through 
standardised questionnaires. There were four data collec-
tion time points. For our purposes, we used data gath-
ered at time point 1 in the psychiatric emergency room 
as participants awaited to be hospitalised, since this was 
the only time point where data were available for all 
participants. The sociodemographic data were arranged 
as in the CCHS. Clinical diagnoses were established by 
the treating psychiatrists. We selected from the Signature 
Bank, a cohort composed of all participants who received 
a depressive disorder diagnosis but were not psychotic or 
manic. We excluded psychosis and mania since our goal 
is to study common mental disorders in both specialised 
setting and primary healthcare. Furthermore, the CCHS 
was also primarily designed to report common mental 
disorders. The diagnoses that we accepted were major 
depression, chronic depression, persistent mood disorder 
not otherwise specified (NOS) and mood disorder NOS. 
The presence of a comorbid substance use disorder was 
determined by the treating psychiatrists as well. By defi-
nition, all participants belonged to the first CCHS hier-
archical service utilisation category; that is, hospitalised 
for psychiatric treatment or saw a psychiatrist. Childhood 
trauma was assessed for the Signature Bank with the same 
instrument used in the CCHS; that is, the Childhood 
Experiences of Violence Questionnaire.

All 25 113 participants who were interviewed as part of 
the CCHS were considered in our study (see figure 1). 
Participants under 20 and over 80 years of age were 
excluded, leaving 21 506 participants. Of these, we 
retained only the 1162 participants who reported an 
episode of major depression in the preceding year. After 
excluding participants who reported having comorbid 
bipolar disorder and those who reported taking antipsy-
chotic medication, 860 were retained for our study. All 
1120 participants in the Signature Bank were considered 
in our study (see figure 1). Forty-seven were excluded for 

being under 20 years or over 80 years of age. Of the 1073 
remaining, we retained only the 353 who had received 
a diagnosis of depressive disorder or mood disorder 
NOS. We were left with 207 after eliminating those with 
comorbid bipolar disorder or psychotic symptoms. To 
reference the prevalence of child abuse depending on 
mental health services use for people with depression, 
we also computed the prevalence of child abuse among 
people without depression in the CCHS, from all partic-
ipants who were under 20 years and over 80 years, and 
reported it in figure 2 only.

Chi-square was used to compare the demographic 
characteristics of the two groups. Prevalence of child-
hood trauma was examined by determining and 
comparing the 95% CI of the prevalence of traumatic 
experience by level of services (see figure 2). Analyses 
were carried out by sex, age group and service utili-
sation. Logistic regressions were run for the different 
modes of the dependent variable, taking into account 
sex,33 age group, comorbid substance use disorder,34 35 
service utilisation and group (ie, CCHS or Signature 
Bank). All participants in the Signature Bank consented 
by providing their electronic signature on a tablet, 
following a protocol.28 Details of the consent procedure 
have been published elsewhere.27

Patient and public involvement
Patients were not involved in creating this study. The 
results will not be disseminated to participants.

Figure 1  Selection of participants (CCHS and Signature 
Bank). CCHS, Canadian Community Health Survey.

Figure 2  95% CI prevalence rates for each type of 
childhood trauma by hierarchical use of mental health 
services for groups of people with depression (for Canadian 
Community Health Survey and Signature groups combined); 
and, for reference, individuals without depression from the 
Canadian Community Health Survey. MH, Mental Health; MD, 
Medical Doctor.
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RESULTS
All the participants in the CCHS group reported a 
diagnosis of major depression, whereas all those in the 
Signature Bank group were diagnosed with a depressive 
disorder: 93% with major depressive disorder, the rest 
with chronic depression, persistent mood disorder NOS 
and mood disorder NOS. The CCHS and Signature Bank 
groups are described in table  1. Proportionately, there 
were significantly more 20-year to 34-year olds in the CCHS 
group. However, the two groups had proportionately 
similar participants aged 65+. The CCHS group also had 
a higher proportion of women. The proportion of partici-
pants with comorbid substance use disorder was similar in 
the two groups (12.3% vs 10.6%, p=0.54). Regarding hier-
archical service utilisation in the preceding year, 18.9% of 
the participants in the CCHS group were hospitalised for 
psychiatric treatment or saw a psychiatrist, 31.1% saw a 
family doctor, 10.8% saw another professional and 39.2% 
used no services. All participants in the Signature Bank 
group were seen in an emergency room by a psychiatrist 
and awaited to be hospitalised for psychiatric treatment.

Figure  2 shows the results of our analysis of self-
reported abuse among CCHS and Signature Bank partic-
ipants by service utilisation. The ‘not depressed’ group 
corresponds to the 20 344 (21 506−1162) participants 
in CCHS who had the appropriate age but did not have 
depression. They are represented in figure 2 as a refer-
ence value but not included in the multivariate analyses. 
In general, participants who were hospitalised for psychi-
atric treatment or saw a psychiatrist reported more abuse. 
This was especially evident when all types of abuse were 
considered: 65.7% (95% CI 59.6% to 71.8%) of partic-
ipants who were hospitalised for psychiatric treatment 

or who saw a psychiatrist reported one form of abuse or 
another, compared with 49% (95% CI 41.0% to 57.1%) of 
depressed participants who used no services. Figure 2 also 
shows that individuals without a depressive disorder were 
less likely to report abuse.

The results of the logistic regression run for ‘Any child 
abuse’ are shown in table 2. Age 35–49 was found to be 
an independent predictor of childhood trauma, as was 
age 50–64, compared with age 20–34. Two other vari-
ables increased the odds of having been victimised as a 
child: comorbid substance use disorder and ‘hospitalised 
for psychiatric treatment’ or ‘having seen a psychiatrist’. 
Being in the Signature Bank group also increased the 
odds of having suffered from ‘Any child abuse’ when sex, 
age and substance abuse were controlled. The odds were 
similar to those for CCHS participants with depression 
who saw a psychiatrist or were hospitalised for psychiatric 
treatment.

DISCUSSION
Our analysis demonstrates that participants with a 
depressive disorder in a university hospital biobank or 
in a community survey who are in contact with psychi-
atric services are more likely to have been victimised in 
childhood compared with the general population or with 
depressed individuals in the general population not in 
contact with specialised medical services or hospitalised 
for psychiatric treatment in the preceding year. Depressed 
individuals who were hospitalised for psychiatric treat-
ment or saw a psychiatrist represented less than one-fifth 
of the individuals with depression in the 2012 CCHS 
population. This is in line with previous work that shows 

Table 1  Sociodemographic characteristics, clinical characteristics and service utilisation compared between CCHS and 
Signature Bank participants with depression

CCHS
(n=860)

Signature
(n=207) P values

Sociodemographic characteristics

 � Women, n (%) 545 (63.4) 104 (50.2) 0.0025

 � Age (in years), n (%)

  �  20–34 297 (34.6) 49 (23.7) 0.0005

  �  35–49 336 (39.1) 120 (35.3)

  �  50–64 174 (20.2) 72 (34.8)

  �  65+ 53 (06.1) 13 (06.3)

Clinical characteristics

 � Comorbid substance use disorder, n (%) 104 (12.3) 22 (10.6) 0.5466

Hierarchical service utilisation in the past year, n (%)

 � Hospitalised for psychiatric treatment or saw a psychiatrist 163 (18.9) 207 (100)

 � Saw a family doctor, excluding the above 268 (31.1)

 � Saw another professional, excluding the above 92 (10.8)

 � None of the above 337 (39.2)

CCHS, Canadian Community Health Survey.
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that only a minority of individuals with depression are 
seen by a psychiatrist.11 36 The lower proportion of people 
without depression reporting abuse (figure  2) corrobo-
rates the well-established link between childhood abuse 
and depression. This stronger association of childhood 
abuse among depressed patients in contact with specialist 
mental health services than among depressed patients 
in contact only with primary care services or none at all 
illustrates a case of Berkson’s bias in the sampling frame-
work, given that this factor is associated both with the 
aetiology of the disorder and sampling framework. The 
bias may be explained first by the fact that patients using 
specialised care are more likely to present comorbidities 
also associated with childhood abuse, such as substance 
abuse37 and personality disorders,38 as well as increased 
dangerosity owing, for example, to suicidal ideation.39 
Our analysis confirms that when depressed individuals in 
both the CCHS and Signature Bank samples are consid-
ered together, comorbid substance use disorder signifi-
cantly increases the likelihood of having suffered from 
childhood abuse. This is consistent with what has been 
observed in the previous research.34 A second explana-
tion may be that childhood abuse is distributed differ-
ently by age and sex in the general population, compared 
with primary care or specialist settings. However, when we 
controlled for sociodemographic variables and comorbid 
substance abuse, the association was maintained, but the 
strength of the association between childhood trauma 
and depressive disorders decreased. In other words, Berk-
son’s bias does not create a false association between 

childhood abuse and depression in the Signature Bank 
but rather reinforces it because of the sampling frame it 
represents.

This is the first study that provides empirical evidence 
of the presence of a Berkson’s bias in a mental disorders 
biobank or any similarly constructed biobank where 
patients are recruited in specialist healthcare settings. 
The presence of this bias has implications for the aetio-
logical links established using these biobanks for common 
chronic diseases (eg, diabetes, hypertension, depression) 
generally treated in primary care. For example, child-
hood physical and sexual abuses are considered to be 
elements of early life adversity that lead to epigenetic 
changes. These changes are thought to be at the root 
not only of depression28 40 but also of other traits, such as 
impulsivity, which may underlie personality disorders and 
substance abuse. When genetic, physiological, psycholog-
ical, functional imagery and social indicators available in 
the Signature biobank are explored, their mediation with 
childhood trauma needs to be interpreted with caution 
on account of the known risk of Berkson’s bias inflating 
or deflating the association.

Two limitations of this research stem from the way data 
were gathered in the Signature Bank. First, it is not possible 
to verify the validity of the diagnoses found in patient 
charts. These diagnoses were not established following 
a structured interview but rather were formulated by an 
emergency room psychiatrist. However, previous psycho-
logical autopsy studies of suicide involving psychiatrists 
from this university hospital showed good inter-rater reli-
ability on large categories of mental disorders from the 
Diagnostic and Statistical Manual of Mental Disorders, 
3rd Edition (DSM-III) .41 Second, the context of an emer-
gency room itself may have a potential influence on the 
psychometric qualities of standardised instruments, such 
as the Childhood Experience of Violence Questionnaire. 
However, studies conducted to validate the psychometric 
properties of questionnaires similar to the Childhood 
Experience of Violence Questionnaire when used in the 
context of a psychiatric emergency room have demon-
strated very good stability.27 42 Another potential limita-
tion of our study stems from the fact that the Signature 
Bank contains a higher proportion of women relative to 
the CCHS sample. However, this did not affect our ability 
to identify Berkson’s bias as the data allowed us to control 
for sex in the logistic regressions. Finally, our data did not 
allow us to take into consideration socioeconomic vari-
ables in our analysis. However, we think that such vari-
ables would not have influenced our results, since the 
universal coverage in Canada provides access to care to 
everyone. Previous work showed that individuals coming 
from lower economic background have not only higher 
rates of mood disorders but also higher rates of service 
utilisation (psychiatric consultation and emergency 
visits).43

The finding that childhood abuse was less common in 
the 20–34 age group in both data sets compared with the 
35–49 and the 50–64 age groups is reassuring, given that 

Table 2  List of independent predictors of the variable ‘Any 
child abuse’ from the Childhood Experience of Violence 
Questionnaire calculated through a regression analysis

Effects SE OR OR 95% CI

Women (ref.)

Men 0.21 0.98 0.64 to 1.48

20–34 (ref.)

35–49 0.23 1.88 1.20 to 2.97

50–64 0.22 1.97 1.28 to 3.04

65+ 0.41 1.28 0.57 to 2.87

Comorbid substance use 
disorder

0.31 1.95 1.07 to 3.55

No mental health services use (ref.)

Saw a mental health 
professional but not a family 
doctor or psychiatrist

0.34 1.30 0.66 to 2.55

Saw a family doctor but not a 
psychiatrist

0.27 1.42 0.83 to 2.43

Hospitalised for psychiatric 
treatment or saw a 
psychiatrist

0.31 1.93 1.06 to 3.53

Signature Bank 0.23 1.82 1.16 to 2.86

ref., reference.
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the youngest group was most likely to remember such 
events at a time of heightened awareness of the conse-
quences of child abuse, which may boost the tendency 
to acknowledge and report them. The data confirm that 
childhood abuse is on the decline, a phenomenon previ-
ously reported in Canada44 45 and in the USA.46

The main implication of this research is that, in studying 
the role of childhood trauma or any other genetic or 
environmental aetiological factor in the development of 
depressive disorders, it would be worthwhile to sample 
not only from specialised care settings but also from the 
community among people in contact with primary care 
services or no services at all. The Signature Bank stands 
to benefit from broadening its sampling framework, for 
example, by recruiting also in family health clinics where 
patients with depression, whether treated or not, may 
also be found. In Quebec, 75% of the population see a 
family doctor once a year and, in 20% of these patients, 
the family doctor identifies or treats a mental disorder.47 
Such a sampling method would afford more adequate 
control of Berkson’s bias and bolster evidence of the 
strength of association with potential aetiological factors. 
This is why the Signature biopsychosocial bank recently 
started recruiting individuals from the general popula-
tion as well.

Another implication is that reducing childhood trauma 
could be set as an intervention target in order to reduce 
the burden of mental disorders and their consequences. 
Early professional child daycare has been shown to buffer 
the relationship between maternal depressive symptoms 
and children’s internalising symptoms.48 Though the 
matter has yet to be studied formally, early child daycare 
could potentially decrease childhood abuse through 
the development of parental skills.45 The development 
of daycare centres in Canada may explain the general 
decline in childhood abuse among the younger genera-
tion as confirmed in our study.

CONCLUSION
This study demonstrated the presence of Berkson’s bias 
in a specialised mental healthcare biobank, a bias that has 
implications for attempts at drawing conclusions about 
the aetiological associations of psychiatric disorders. More 
precisely, the link between a depressive disorder and the 
presence of childhood abuse could be confounded by 
the fact that the biobank participants were recruited in 
a specialised care setting where patients present more 
comorbidity, such as substance use, and more dangerosity. 
When an illness treated primarily outside of hospital 
settings is considered, if we wish to establish aetiological 
links with increased generalisability, then cases must be 
drawn not only from specialised care settings but also 
from primary care health clinics. We demonstrated the 
presence of Berkson’s bias in the Signature Bank, but the 
lesson should be heeded by all emerging biobanks which 
tend to sample cases in hospitals or other specialised care 
settings.
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