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Title: Depression and blood pressure in high-risk children and adolescents: an investigation using two 

longitudinal cohorts.  

Abstract 

Objective – To examine the relationship between blood pressure and depressive disorder in children 

and adolescents at high-risk for depression. 

Design – Multi-sample longitudinal design including a prospective longitudinal 3-wave high-risk study 

of offspring of parents with recurrent depression and an on-going birth cohort for replication. 

Setting – Community based studies. 

Participants – High-risk sample includes 281 families where children were aged 9-17 years at baseline 

and 10-19 years at the final data point. Replication cohort includes 4830 families where children were 

aged 11-14 years at baseline and 14-17 years at follow up and a subsample of 612 families with 

mothers that had reported recurrent depression. 

Main outcome measures – High-risk sample: new onset DSM-IV defined depressive disorder using the 

Child and Adolescent Psychiatric Assessment (CAPA). Replication sample: DSM-IV defined 

depressive disorder using the Development and Wellbeing Assessment (DAWBA). 

Results – Blood pressure was standardised for age and gender to create standard deviation scores and 

child’s weight was statistically controlled in all analyses.  In the high-risk sample, lower systolic blood 

pressure at wave 1 significantly predicted new onset depressive disorder in children (OR=.65, 95% CI 

.44 to .96; p=.029) but diastolic blood pressure did not. Depressive disorder at Wave 1 did not predict 

systolic blood pressure at Wave 3.  A significant association between lower systolic blood pressure and 

future depression was also found in the replication cohort in those children whose mothers had 

experienced recurrent depression in the past.  

Conclusion – Lower systolic blood pressure predicts new onset depressive disorder in the offspring of 

parents with depression. Further studies are needed to investigate how this association arises.  

Key words 

Depression; Blood Pressure; ALSPAC; Adolescent; Cohort Studies 
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Article focus: 

• To examine the relationship between blood pressure and future depressive disorder 

in adolescents at high-risk for depression. 

Key messages  

• Low systolic blood pressure predicts future depressive disorder in adolescent 

offspring of parents with recurrent depression. 

 

Strength and Limitations 

• Replication of findings in two independent cohort studies, one a high risk sample 

and one a population based cohort. 

• Mechanism by which low blood pressure is linked to depression risk needs further 

investigation. 
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Introduction 

The two leading causes of death and disability in the developed world are major depressive disorder 

and cardiovascular disease. The association between depression and cardiovascular disease is well 

established in adults,[1] although the mechanisms by which it arises are still not clear. It has been 

suggested that these links reflect early associations between depression and cardiovascular risk factors. 

High blood pressure is an important cardiovascular risk factor and it has also been linked to depression 

in adults in some studies.[2] Other studies, however, have found the converse. They suggest that 

depression is associated with low blood pressure and that it is only depression treated with certain 

antidepressants which is associated with high blood pressure.[3] To guide the study of mechanisms by 

which the links between cardiovascular risk factors, notably blood pressure and depression may arise, it 

is important to first ascertain the direction of effects. In the few longitudinal studies in this area, the 

findings are inconsistent, with some studies finding depression as a predictor of either high blood 

pressure,[4] or low blood pressure,[5]
 
whilst others have found the converse, with low blood pressure 

predicting depression.[6] 

 

Although both depression and the early indicators of cardiovascular disease have been found to have 

onset in childhood and adolescence,[7, 8] very few studies have focused on these links in younger 

populations. In this study, the main aim was to investigate the relationship between blood pressure and 

subsequent first onset depressive disorder in a prospective cohort of children and adolescents at high 

risk of depression. The secondary aim was to replicate findings in an independent cohort.   
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Method  

Data were derived from a prospective longitudinal study of offspring of parents with recurrent 

depression–‘The Early Prediction of Adolescent Depression (EPAD) study’. At baseline, the sample 

included 337 families (315 mothers and 22 fathers) that were recruited from general practices across 

South Wales, by writing to eligible families, and from a database of individuals with previously 

identified unipolar depression. A sample size of 300 families was calculated to provide sufficient 

power to test the main hypotheses of the original project whilst allowing detailed assessments at each 

time point.  The presence of least two episodes of DSM-IV major depressive disorder was confirmed at 

baseline interview. The youngest child within the age range of 9 to 17 years was selected for inclusion 

(197 girls and 140 boys, mean age = 12.4 years).  All children were biologically related to and 

currently living with the affected parent.  Additional exclusion criteria included children with 

moderate-severe intellectual disability (IQ<50) and parents with bipolar disorder, mania/hypomania or 

psychosis at time of interview. Two families were consequently excluded from waves 2 and 3 of the 

study because the depressed parent had been diagnosed as suffering from bipolar disorder since the 

wave 1 assessment. Parents and offspring were assessed independently by two trained research 

psychologists on three occasions over the course of the study which began in April 2007 and finished 

in April 2011. The average time between the baseline and second assessment was 16.2 months and 

between the second and third assessment was 12.5 months. Further details on the sample characteristics 

and methodology have been described previously.[9] 

For the main analyses, 30 families were excluded because they had not completed at least two waves of 

data. A further 10 children were excluded from main analyses when the outcome variable used was 

‘new onset depressive disorder’ in the child as they had had a baseline diagnosis of DSM-IV major 

depressive disorder.  Lastly 14 children were excluded because a measure of blood pressure and/or 

weight had not been completed at baseline either because there had been a fault in the equipment or the 

child had refused. This resulted in a final sample of 281 families (see Figure 1 for more details). 

Psychiatric data were collected from parents and children via semi-structured research diagnostic 

interviews and blood pressure and weight were assessed by the interviewer. Additional data were also 

collected from parents and children from self-completed questionnaires that were mailed to the families 

two weeks before their interview. Ethical approval for the study was obtained from the Multi-centre 

Research Ethics Committee for Wales. 
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Figure 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flow chart of retention at each assessment in the EPAD sample   

 
Baseline eligible sample = 

337 families 

 
335 eligible families 

Exclusions 

2 families withdraw due to 

bipolar diagnosis in affected 

parent 

Data on W1 DSM Major 

Depressive Disorder: 

 335 children (100%) 

Data on W2 DSM Major 

Depressive Disorder: 

 287 children (86%) 

Data on W3 DSM Major 

Depressive Disorder: 

283 children (84%) 

Data on DSM Major 

Depressive Disorder from at 

least 2 waves:  

305 children (91%) 

Data on all variables of 

interest in main analyses: 

 281 children (84%) 

 

10 children excluded due to 

presence of W1 DSM Major 

Depressive Disorder 

Data on New Onset 

Depressive disorder at W2 

or W3: 

295 children (88%) 

 

12 children missing 

data on blood 

pressure at W1 

2 additional children 

missing data on 

weight at W1 

 

47 families not completed 

interview 

1 interview too much 

missing data to make 

diagnosis 

 

52 families not 

completed 

interview 

 

Page 5 of 25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

6 

 

Data were also utilised from a birth cohort study ‘The Avon Longitudinal Study of Parents and 

Children (ALSPAC)’ to allow replication of findings from the first high-risk sample.  The cohort was 

set up to examine genetic and environmental determinants of health and development.[10] The initial 

cohort consisted of 14,062 children born to residents of the Bristol area, UK, who had an expected date 

of delivery between 1
st
 April 1991 and 31

st
 December 1992 (www.alspac.bris.ac.uk). All pregnant 

women resident in three health districts in the old administrative county of Avon who had an estimated 

delivery between the above dates were eligible to participate. In addition, pregnant women that had 

migrated into the catchment area before the point of delivery were eligible. Recruitment was carried 

out by attempting to make contact with eligible women through ALSPAC staff visiting community 

locations and through using antenatal and maternity health services and media information to 

encourage contact and promote the study.[10] The parents completed regular postal questionnaires 

concerning their child’s health and development since birth. The children have completed 

questionnaires and attended annual assessment clinics since age 7 years. For analyses using the whole 

sample, 4830 children had data on both blood pressure and weight at age 12 years (2515 females and 

2315 males; age range: 11-14 years; mean age = 12.8 years) and depressive disorder at age 15 years 

(age range: 14-17 years; mean age = 15.4 years). Main analyses focused on the sample of children with 

mothers that had reported recurrent depression, 612 children were included in these analyses (347 

females and 265 males). Ethical approval for the study was obtained from the ALSPAC Ethics and 

Law committee and the Local Research Ethics Committees.  

Measures 

EPAD study: 

Major depressive disorder and depression symptoms – Parent and child versions of the Child and 

Adolescent Psychiatric Assessment (CAPA),[11] were used at each assessment to assess the presence 

of a major depressive disorder in the child over the preceding three months. The parent and child 

versions were completed independently. Child diagnoses were made using DSM-IV criteria, based on 

CAPA symptoms. All those meeting diagnostic criteria and subthreshold cases were reviewed by two 

senior child and adolescent psychiatrists. Parent and child reported diagnoses were combined (using an 

either/or approach) to generate DSM-IV diagnoses. The total number of DSM-IV major depression 

symptoms was also computed from the parent and child CAPA. 
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New onset major depressive disorder - The presence of a new onset major depressive disorder at either 

the second or third assessment was defined by excluding children that had a baseline diagnosis of 

DSM-IV major depressive disorder. 

Blood pressure –An Omron 705IT sphygmomanometer was used to measure blood pressure at each 

assessment whilst the child was in a seated position with their arm resting on a flat surface.  A standard 

cuff was used to measure blood pressure in children aged 11 years and over and a small adult cuff was 

used for children under 11 years, unless overweight.  Systolic and diastolic blood pressures were 

measured using standardised guidelines set out by the American Heart association.[12] At least two 

readings were taken at least one minute apart using the right arm.  When the difference between two 

readings was 5mmHg or less an average was taken.  

Weight and other potential confounders – Weight was considered to be a confounder of the relationship 

between blood pressure and depression due to its potential association with both.[13, 14] Interviewers 

measured the weight of the children without shoes to the nearest 0.1 kg using Seca scales. We also 

examined whether the results were affected by the presence of physical health problems (parent 

reported), any medication use (child or parent reported) and using body mass index (BMI) instead of 

weight. 

ALSPAC: 

Maternal history of recurrent depression – Mothers completed regular questionnaires from pregnancy 

to when the child was aged 12 years including the questions ‘Have you had depression in the last year/ 

last two years/ since your child was born/ever’. The mother was also asked ‘Have you ever had severe 

depression’ on three occasions over this time period. Families were included in the subsample of 

recurrently depressed mothers if the mother had reported having depression on at least two separate 

occasions, and if at least one of these occasions was reported as being severe. These criteria were used 

to create a subsample that was as similar as possible to the primary high-risk sample. 

Child depressive disorder – Parent versions of the Development and Wellbeing Assessment 

(DAWBA),[15] were used at the assessment when the target age of the children was 13 years and child 

versions of the DAWBA were used at the assessment when the target age of the children was 15 years 

to assess the presence of a depressive disorder over the preceding month. DSM-IV diagnoses of 
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depression were generated at each time point using a well-defined computerised algorithm that predicts 

the likelihood of a clinical rater assigning each child a DSM-IV diagnosis of depression (see 

www.DAWBA.com for more information).  Each individual is assigned one of six probability bands, 

and the top two levels were used as a computer generated DAWBA diagnosis.[16]  

Blood pressure – Systolic and diastolic blood pressure were measured at the clinic assessments when 

the target ages of the children were 12 years and 15 years.  Blood pressure was measured twice at each 

assessment with a Dinamap 9301 Vital Signs Monitor and a mean of both readings was taken. 

Weight and BMI – Interviewers measured the weight and height of the children in light clothing and 

without shoes at the clinic assessments when the target ages of the children was 12 years. Weight was 

measured to the nearest 0.1 kg using Tanita scales (Tanita; Illinois, USA) and height was measured to 

the nearest 0.1 cm using a Harpenden stadiometer (Tarti; Turkey). BMI was then calculated (kg/m²). 

Statistical methods 

Each set of analyses were conducted in two steps. First, descriptive statistics were examined in the 

high-risk sample and then in the replication cohort using the subsample of children with mothers that 

have experienced recurrent depression in the past. Next, regression analyses were performed to 

examine the association between blood pressure and depression in the high-risk sample and then in the 

subsample from the replication cohort. Logistic regression analyses were used when the dependent 

variable was dichotomous and ordinary least squares linear regression analysis was used when the 

dependent variable was continuous.  Continuous outcome data that were not normally distributed were 

transformed prior to analysis using a natural log transformation.  Next, the linearity of the relationship 

between systolic blood pressure and future depressive disorder was examined by investigating the 

percentage of children with future depressive disorder by blood pressure quintiles, again in both 

samples. Next, receiver operating characteristic (ROC) analysis was performed to establish a cut off for 

blood pressure in both samples that showed adequate sensitivity and specificity for detecting future 

depressive disorder. Lastly, the association between systolic blood pressure and future depressive 

disorder was investigated in the general population by using the entire ALSPAC sample and the 

presence of a multiplicative interaction between maternal depression and systolic blood pressure on 

future depressive disorder was examined. Listwise deletion was used to deal with missing data in all 

analyses and data were analysed using SPSS (v20).Results 
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For demographic comparability of samples see supplementary material (online publication only). 

Descriptives from EPAD high-risk sample 

Mean systolic and diastolic blood pressure in the EPAD sample at baseline were 117.26 mmHg and 

70.88 mmHg and standard deviations were 13.18 and 11.39 respectively. There were no significant 

differences between males and females for systolic or diastolic blood pressure at baseline. Systolic 

blood pressure at baseline was significantly correlated with age (r=.23, p<.001), but diastolic blood 

pressure was not (r=.02, p=.728).  Systolic blood pressure was thus standardised for age and gender to 

create standard deviation scores and all analyses for systolic blood pressure were run with the 

standardised variable.  Standardised scores were calculated using the 2007 blood pressure centiles for 

Great Britain.[17] Mean blood pressures for each age group in this sample were generally higher than 

population norms.[17, 18]  Systolic blood pressure at baseline was significantly associated with weight 

(r=.25, p<.001), but diastolic blood pressure was not (r=.07, p=.236).  Given this finding all analyses 

with systolic blood pressure are reported controlling for weight. 

Twenty-four children (5 boys, 19 girls) in the sample developed a new onset depressive disorder 

(8.54%). 

Descriptives from ALSPAC dataset – using the subsample of children with mothers that have 

experienced recurrent depression in the past 

Mean systolic and diastolic blood pressure in this sample at age 12 years were 111.10 mmHg and 56.61 

mmHg and standard deviations were 9.44 and 8.16 respectively. There were no significant differences 

between males and females for systolic or diastolic blood pressure at age 12. Again, systolic blood 

pressure was standardised for age and gender to create standard deviation scores and all analyses for 

systolic blood pressure were run with the standardised variable. The association between blood 

pressure and weight at age 12 was significant for both systolic (r=.45, p<.001) and diastolic blood 

pressure (r=.18, p<.001), therefore all results are reported controlling for weight. 

Eighteen children (5 boys, 13 girls) in the sample reported a depressive disorder at age 15 (2.94%). 

Initial analyses in EPAD high-risk sample 

Logistic regression analyses were performed to investigate the association between blood pressure and 

new onset depressive disorder in the EPAD sample. Lower systolic blood pressure at baseline 
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significantly predicted new onset depressive disorder (OR = .65, 95% CI .44 to .96; p=.029) when 

adjusting for child’s weight at baseline. Diastolic blood pressure at baseline did not significantly 

predict new onset depressive disorder (OR = .97, 95% CI .92 to 1.01; p=.120).  

Results remained the same when the outcome was expanded to include the new onset of any mood 

disorder including major depressive disorder, dysthymia, cyclothymia, bipolar disorder and adjustment 

disorder with depressed mood.  Results also remained similar when separately adjusting for medication 

use and physical health problems in the child and when adjusting for BMI instead of weight. The 

association was not significantly moderated by gender (p=.769). 

Given few adolescents developed new onset depressive disorder, the analysis was repeated using total 

depression symptom scores at wave 3 as the outcome.  Linear regression analysis with systolic blood 

pressure at baseline as a predictor and depression symptoms at the wave 3 assessment as the outcome, 

and again controlling for weight, showed significant association (β = -.13; p=.040).  

To examine whether depressive disorder was a predictor of blood pressure, a linear regression analysis 

was performed with a diagnosis of depressive disorder at baseline as a predictor and systolic blood 

pressure at the wave 3 assessment as the outcome, again controlling for child’s weight at baseline.  This 

was non-significant (β = -.05; p =.412).  Given the low number of individuals with depressive disorder 

at baseline the analysis was repeated using total depression symptoms at baseline as a predictor. Again 

the results were non-significant (β = -.07; p = .286).  

Replication in ALSPAC dataset – using the subsample of children with mothers that have 

experienced recurrent depression in the past 

Logistic regression analyses were undertaken in the replication sample. Lower systolic blood pressure 

at age 12 significantly predicted depressive disorder at age 15 (OR = .48, 95% CI .27 to .85; p=.012), 

however, diastolic blood pressure did not (OR = .98, 95% CI .93 to 1.05; p=.597). Results remained 

similar when adjusting for BMI instead of weight. The association was not significantly moderated by 

gender (p=.102). 

To examine whether depressive disorder was a predictor of blood pressure, a linear regression analyses 

was performed with a diagnosis of depressive disorder at age 13 as a predictor and systolic blood 
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pressure at age 15 as the outcome, again controlling for child’s weight.  This was non-significant (β = -

.04; p = .378).   

Relationship between blood pressure and depressive disorder in high-risk EPAD sample 

To further investigate the relationship between systolic blood pressure and depressive disorder in the 

EPAD sample, blood pressure was split into quintiles to examine the percentage of children with new 

onset depressive disorder by blood pressure categories and the linearity of the relationship. As can be 

seen in Figure 2, there is a lower risk of depressive disorder with higher levels of blood pressure, with 

the lowest quintile of systolic blood pressure having the highest percentage of depressive disorder 

cases. 

Figure 2 

 

Figure to show percentage of children with new onset depressive disorder at follow-up by quintiles of 

systolic blood pressure at baseline in the EPAD sample  

Replication in ALSPAC dataset – using the subsample of children with mothers that have 

experienced recurrent depression in the past 

To further investigate the relationship between systolic blood pressure and depression in the replication 

sample, blood pressure was split into quintiles to examine the percentage of children with depression at 

age 15 by blood pressure categories and the linearity of the relationship.   

As can be seen in Figure 3, there is a lower risk of depressive disorder with higher levels of blood 

pressure, with the lowest quintile of systolic blood pressure having the highest percentage of depressive 

disorder cases.  
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Figure 3 

 

Figure to show percentage of children with depressive disorder at age 15 years by quintiles of systolic 

blood pressure at age 12 years in the ALSPAC sample  

Analyses so far have highlighted a significant association between lower systolic blood pressure and 

future depression in two different samples of offspring of parents with recurrent depression. Next, ROC 

analysis was performed to establish a cut off for blood pressure in both samples that showed adequate 

sensitivity and specificity for detecting future depressive disorder. A cut off point of below 0.025 

standard deviations above the mean using the 2007 blood pressure centiles for Great Britain
17

 showed a 

sensitivity of 63% and a specificity of 66% for the high risk EPAD sample (this would approximately 

equate to systolic blood pressure below 112mmHg for a 12 year old boy and below 113mmHg for a 12 

year old girl). A cut off point of below 0.485 standard deviations below the mean using the 2007 blood 

pressure centiles for Great Britain
17

 showed a sensitivity of 61% and a specificity of 61% for the 

ALSPAC replication sample (this would approximately equate to systolic blood pressure below 

108mmHg for a 12 year old boy or girl). Logistic regression analyses were performed to examine the 

strength of the association between low blood pressure and future depressive disorder using each of the 

cut offs identified in each sample (Table 1). 
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1
Adjusted for child weight at W1 

Association between low blood pressure and future depressive disorder in the EPAD and ALSPAC 

samples using the optimal cut off for low blood pressure identified in each sample using ROC curve 

analysis 

From these analyses it seems a cut off for low systolic blood pressure for children aged 12 years lies 

between 108 and 113mmHg. 

Lastly, supplementary analyses were performed to examine the association between blood pressure and 

future depression in the general population using the entire ALSPAC sample. 

Supplementary analyses using entire ALSPAC sample: 

1) Testing the relationship between depressive disorder and blood pressure in the general 

population (not limiting analysis to those adolescents with a parental history of recurrent 

depression)   

Descriptives 

Mean systolic and diastolic blood pressure in the sample at age 12 were 111.01 mmHg and 56.53 

mmHg and standard deviations were 9.54 and 7.88 respectively. There were no significant differences 

between males and females for systolic or diastolic blood pressure at age 12. Again, systolic blood 

pressure was standardised for age and gender to create standard deviation scores and all analyses for 

systolic blood pressure were run with the standardised variable. The association between blood 

pressure and weight at age 12 was significant for both systolic (r=.44, p<.001) and diastolic blood 

pressure (r=.19, p<.001), therefore all results are reported controlling for weight. 

Seventy five children (22 boys, 53 girls) in the sample reported a depressive disorder at age 15 

(1.55%). 

Optimal cut off in EPAD 

sample (< .025) 

Optimal cut off in 

ALSPAC sample (< -.485) 

EPAD sample 3.13 (1.30, 7.53) 3.43 (1.45, 8.13) 

ALSPAC sample 3.00 (.93, 9.71) 3.62 (1.23, 10.65) 
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Preliminary analyses 

Logistic regression analyses were performed to investigate the association between blood pressure and 

depressive disorder. Systolic blood pressure at age 12 did not significantly predict depressive disorder 

at age 15 (OR = .98, 95% CI .76 to 1.27; p=.875). Diastolic blood pressure at age 12 did not 

significantly predict depressive disorder at age 15 (OR = 1.01, 95% CI .98 to 1.04; p=.604).  

2) Examining whether a history of recurrent maternal depression moderated the 

relationship between systolic blood pressure and depression 

Logistic regression analyses were then performed to test if recurrent maternal depression moderated the 

relationship between systolic blood pressure and depressive disorder. The predictor variables, systolic 

blood pressure and maternal recurrent depression were centred to convert them to their deviation form 

to remove non-essential multicollinearity. The interaction was found to be significant (OR = .49, 95% 

CI .27 to .89; p=.019).  

Systolic blood pressure was then categorised into ‘high’ and ‘low’ by splitting at the median, so that 

the interaction could be displayed graphically. As can be seen in Figure 4, when recurrent maternal 

depression was present, children with low blood pressure showed the highest percentage of depressive 

disorder.  However, when recurrent maternal depression was not present, children with high blood 

pressure showed the highest percentage of depressive disorder. 

 

 

 

 

 

 

 

 

 

Figure 4 
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Figure to show percentage of children with depressive disorder at age 15 years within ‘high’ and ‘low’ 

systolic blood pressure groups at age 12 years by maternal depression status in the ALSPAC sample
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Discussion  

In this study we found that lower systolic blood pressure significantly predicted future new onset 

depressive disorder amongst a sample of children and adolescents at high risk of developing depression 

because of a parental history of recurrent depression. This finding was replicated in a large community 

based cohort study (ALSPAC) for children whose mothers reported a history of recurrent depression 

(replication sample).  When investigating this relationship in more detail, it seemed that those with the 

lowest systolic blood pressure were most at risk of developing a depressive disorder in the future. A cut 

off value for systolic blood pressure in 12 year old children was identified as being within the range of 

108 and 113mmHg. Finally when investigating this relationship in the entire population cohort 

(ALSPAC), the association between blood pressure and major depressive disorder was no longer 

significant. There was no evidence for an association in the opposite direction (depression predicting 

future blood pressure levels) either in the study sample or in the replication cohort nor was there an 

association between diastolic blood pressure and future depression in either dataset. 

In our study low systolic blood pressure significantly predicted depressive disorder in adolescent 

offspring of individuals with recurrent depressive disorder but not in adolescents from the general 

population.  There have been no previously published longitudinal studies examining the relationship 

between blood pressure and depression in children from the general population or children at high-risk 

of depression. In adults, findings have been mixed but links between low blood pressure and depression 

have been noted.  These have not only been noted cross-sectionally in adults,[19] but a study on elderly 

patients reported a fall in systolic blood pressure predicted the onset of depression.[6] In adolescents 

who did not have a parent with recurrent depressive disorder, higher blood pressure showed some 

association with a higher risk of future depressive disorder.  This may be one explanation of some of 

the mixed findings in previous studies.   The mechanism by which low blood pressure might precede 

depression for adolescent offspring of individuals with recurrent depressive disorder is unclear. For 

adults in certain countries (such as Germany) it seems accepted that chronic low blood pressure is 

associated with mood problems (the “hypotensive syndrome”). This consists of somatic symptoms such 

as tiredness, dizziness and headaches with occasionally some minor psychiatric symptoms such as 

anxiety and depression,[20] with the rationale that the somatic symptoms are unpleasant to live with 

and therefore may lead to low mood and feelings of depression in the subject.[3] Another possible 

explanation is that low blood pressure is an epiphenomenon, and that a common set of risk factors or 
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biological mechanism,[21] may explain the link between low blood pressure and mood disorder. Why 

this finding is limited to children of parents with a history of recurrent depression is unclear. Some 

animal studies have shown that early life stress (such as maternal deprivation in rats during postnatal 

days) has long-term effects on brain function and biology with implications for the development of 

depression or vulnerability to stress later in life.[22] Therefore the results from the current study could 

be explained by blood pressure being an initial manifestation of response to adversity and depression a 

later manifestation. However no empirical evidence for such an association has been found.   

Strengths and Limitations 

This is the first study we are aware of to report on the longitudinal relationship between blood pressure 

and depressive disorder in adolescents, an important period for the onset of depression.  In the main 

sample, children and adolescents were followed up at three points over a four year period with a high 

retention rate of over 80%.  A similar pattern of results was found in a large community based cohort 

study (ALSPAC) for those children of mothers with a history of recurrent depression. In both samples, 

diagnoses were systematically ascertained using interview and blood pressure readings were measured 

according to standardised protocol. In addition, potential confounders of the relationship were taken 

account of. There were also possible limitations of the study.  Blood pressures were measured using an 

electronic device which uses an oscillometric technique rather than the auscultatory technique that most 

population norms are based on and it has been noted that these readings are not equivalent. However 

there is a lack of consensus as to whether using different methods leads to any systematic bias and 

inaccuracies seem more related to not using a standardised technique rather than the instrument.[23] In 

addition, the cut off values identified in the high risk and replication samples differed slightly. This 

may have been because of differences in measurement techniques in the two studies. These results need 

to be replicated in other samples in order to establish more precise cut off for low systolic blood 

pressure. Despite being a high-risk sample, the number of children with depressive disorder was small 

and many of the sample had not been though the age of maximum risk for developing a depressive 

disorder so this could lead to an underestimate of the effects of risk factors. In addition, the number of 

children with depressive disorder was also low in the replication sample, partly because only a self-

report measure of depressive disorder was available at age 15, and partly because of selective attrition 

over time.  Previous studies have reported that although attrition has affected prevalence rates of 
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depression in the mother and internalising disorders in the children, the associations between risks and 

outcomes remained intact, although conservative estimates of the likely true effects.[24, 25]  Lastly, the 

subsample of recurrently depressed mothers in the replication dataset is likely to index a less severe 

group as maternal self-report of depression was used as opposed to defining episodes of depression 

using DSM-IV criteria as was done in the main dataset. 

In summary, in our study of adolescents at high risk of depression we found that low blood pressure 

was associated with major depressive disorder. This finding was replicated in an independent cohort.   

Future research is needed using different populations to confirm this relationship as it is a novel finding 

and to investigate the mechanisms by which the relationship between low blood pressure and 

depressive disorder in children at risk for depression may arise.  
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Demographic comparability of the EPAD high-risk sample, the ALSPAC subsample of children 

with mothers that have experienced recurrent depression and the whole ALSPAC sample  

In the EPAD sample, the mother and father questionnaires completed at baseline were used to assess 

maternal education and highest parental social class. In the ALSPAC sample, the mother and father 

questionnaires completed during pregnancy were used to assess maternal education and highest 

parental social class. Maternal education was categorised according to whether the mother had 

completed higher education (A-Levels, degree or postgraduate qualification). Parental social class was 

categorised according to whether either parent reported having a non-manual occupation.  

Table 2 shows that the three samples are comparable on a range of demographics (child age, gender, 

maternal education and parental social class).  

Table 2 

 

EPAD        

(n=281) 

ALSPAC         

(subsample of depressed 

mothers; n=612) 

ALSPAC            

(whole sample; 

n=4830) 

Child age: mean (sd) 12.4 (2.0) 12.8 (0.2) 12.8 (0.2) 

Child gender (% female) 58.4 56.7 52.1 

Maternal education (% higher education) 51.9 44.3 47.2 

Parental social class (% non-manual) 74.0 84.1 87.7 

Demographics at baseline in the EPAD sample, ALSPAC subsample of depressed mothers and the 

whole ALSPAC sample 
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Title: Depression and blood pressure in high-risk children and adolescents: an investigation using two 1 

longitudinal cohorts.  2 

Abstract 3 

Objective – To examine the relationship between blood pressure and depressive disorder in children 4 

and adolescents at high-risk for depression. 5 

Design – Multi-sample longitudinal design including a prospective longitudinal 3-wave high-risk study 6 

of offspring of parents with recurrent depression and an on-going birth cohort for replication. 7 

Setting – Community based studies. 8 

Participants – High-risk sample includes 281 families where children were aged 9-17 years at baseline 9 

and 10-19 years at the final data point. Replication cohort includes 4830 families where children were 10 

aged 11-14 years at baseline and 14-17 years at follow up and a high-risk subsample of 612 offspring 11 

with mothers that had reported recurrent depression. 12 

Main outcome measures –New onset DSM-IV defined depressive disorder in the offspring using 13 

established research diagnostic assessments - the Child and Adolescent Psychiatric Assessment 14 

(CAPA) in the high risk sample and the Development and Wellbeing Assessment (DAWBA) in the 15 

replication sample. 16 

Results – Blood pressure was standardised for age and gender to create standard deviation scores and 17 

child’s weight was statistically controlled in all analyses.  In the high-risk sample, lower systolic blood 18 

pressure at wave 1 significantly predicted new onset depressive disorder in children (OR=.65, 95% CI 19 

.44 to .96; p=.029) but diastolic blood pressure did not. Depressive disorder at Wave 1 did not predict 20 

systolic blood pressure at Wave 3.  A significant association between lower systolic blood pressure and 21 

future depression was also found in the replication cohort in the second subset of high-risk children 22 

whose mothers had experienced recurrent depression in the past.  23 

Conclusion – Lower systolic blood pressure predicts new onset depressive disorder in the offspring of 24 

parents with depression. Further studies are needed to investigate how this association arises.  25 

Key words 26 

Depression; Blood Pressure; ALSPAC; Adolescent; Cohort Studies27 
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28 

Article focus: 

• To examine the relationship between blood pressure and future depressive disorder 

in adolescents at high-risk for depression. 

Key messages  

• Low systolic blood pressure predicts future depressive disorder in adolescent 

offspring of parents with recurrent depression. 

 

Strength and Limitations 

• Replication of findings in two independent cohort studies, one a high risk sample 

and one a population based cohort. 

• Mechanism by which low blood pressure is linked to depression risk needs further 

investigation. 
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Introduction 29 

The two leading causes of death and disability in the developed world are depression and 30 

cardiovascular disease. The association between depression and cardiovascular disease is well 31 

established in adults,[1] although the mechanisms by which it arises are still not clear. It has been 32 

suggested that these links reflect early associations between depression and cardiovascular risk factors. 33 

High blood pressure is an important cardiovascular risk factor and it has also been linked to depression 34 

in adults in some studies.[2] Other studies, however, have found the converse. They suggest that 35 

depression is associated with low blood pressure and that it is only depression treated with certain 36 

antidepressants which is associated with high blood pressure.[3] To guide the study of mechanisms by 37 

which the links between cardiovascular risk factors, notably blood pressure and depression may arise, it 38 

is important to first ascertain the direction of effects. In the few longitudinal studies in this area, the 39 

findings are inconsistent, with some studies finding depression as a predictor of either high blood 40 

pressure,[4] or low blood pressure,[5]
 
whilst others have found the converse, with low blood pressure 41 

predicting depression.[6] 42 

 43 

Although both depression and the early indicators of cardiovascular disease have been found to have 44 

onset in childhood and adolescence,[7, 8] very few studies have focused on these links in younger 45 

populations. In this study, the main aim was to investigate the relationship between blood pressure and 46 

subsequent first onset episode of depression in a prospective cohort of children and adolescents at high 47 

risk of depression. The secondary aim was to replicate findings in an independent cohort.   48 

49 
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Method  50 

Data were derived from a prospective longitudinal study of offspring of parents with recurrent 51 

depression–‘The Early Prediction of Adolescent Depression (EPAD) study’. At baseline, the sample 52 

included 337 families (315 mothers and 22 fathers) that were recruited from general practices across 53 

South Wales, by writing to eligible families, and from a database of adults with previously identified 54 

unipolar depression. A sample size of 300 families was calculated to provide sufficient power to test 55 

the main hypotheses of the original project whilst allowing detailed assessments at each time point.  56 

Recurrent depression is defined as the presence of least two episodes of DSM-IV major depressive 57 

disorder. Diagnosis in the index parent was confirmed at baseline using a research diagnostic interview 58 

that is widely used to assess adult psychiatric disorder, the SCAN (Schedules for Clinical Assessment 59 

in Neuropsychiatry).  This was undertaken by researchers who were trained and supervised by an 60 

experienced academic clinician. The youngest child within the age range of 9 to 17 years was selected 61 

for inclusion (197 girls and 140 boys, mean age = 12.4 years).  All children were biologically related to 62 

and currently living with the affected parent.  Additional exclusion criteria included children with 63 

moderate-severe intellectual disability (IQ<50) and parents with bipolar disorder, mania/hypomania or 64 

psychosis at time of interview. Two families were consequently excluded from waves 2 and 3 of the 65 

study because the depressed parent had been diagnosed as suffering from bipolar disorder since the 66 

wave 1 assessment. Symptoms of psychiatric disorder in parents and offspring were separately assessed 67 

using age-appropriate standard research diagnostic interviews independently by two trained research 68 

psychologists on three occasions over the course of the study which began in April 2007 and finished 69 

in April 2011. The average time between the baseline and second assessment was 16.2 months and 70 

between the second and third assessment was 12.5 months. Further details on the sample characteristics 71 

and methodology have been described previously.[9] 72 

For the main analyses, 30 families were excluded because they had not completed at least two waves of 73 

data. A further 10 children were excluded from main analyses because they already met criteria for  74 

DSM-IV major depressive disorder at baseline and thus the blood pressure assessment did not precede 75 

onset.  Lastly 14 children were excluded because a measure of blood pressure and/or weight had not 76 

been completed at baseline either because there had been a fault in the equipment or the child had 77 

refused. This resulted in a final sample of 281 families (see Figure 1 for more details). Psychiatric data 78 

were collected from parents and children via semi-structured research diagnostic interviews and blood 79 
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pressure and weight were assessed by the interviewer. Additional data on physical health problems, 80 

maternal education and social class were collected from parents and children from self-completed 81 

questionnaires that were mailed to the families two weeks before their interview. Ethical approval for 82 

the study was obtained from the Multi-centre Research Ethics Committee for Wales. 83 

84 
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Figure 1 85 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flow chart of retention at each assessment in the EPAD sample   

 
Baseline eligible sample = 

337 families 

 
335 eligible families 

Exclusions 

2 families withdraw due to 

bipolar diagnosis in affected 

parent 

Data on W1 DSM Major 

Depressive Disorder: 

 335 children (100%) 

Data on W2 DSM Major 

Depressive Disorder: 

 287 children (86%) 

Data on W3 DSM Major 

Depressive Disorder: 

283 children (84%) 

Data on DSM Major 

Depressive Disorder from at 

least 2 waves:  

305 children (91%) 

Data on all variables of 

interest in main analyses: 

 281 children (84%) 

 

10 children excluded due to 

presence of W1 DSM Major 

Depressive Disorder 

Data on New Onset 

Depressive disorder at W2 

or W3: 

295 children (88%) 

 

12 children missing 

data on blood 

pressure at W1 

2 additional children 

missing data on 

weight at W1 

 

47 families not completed 

interview 

1 interview too much 

missing data to make 

diagnosis 

 

52 families not 

completed 

interview 
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Data were also utilised from a birth cohort study ‘The Avon Longitudinal Study of Parents and 86 

Children (ALSPAC)’ to allow replication of findings from the first high-risk sample.  The cohort was 87 

set up to examine genetic and environmental determinants of health and development.[10] The initial 88 

cohort consisted of 14,062 children born to residents of the Bristol area, UK, who had an expected date 89 

of delivery between 1
st
 April 1991 and 31

st
 December 1992 (www.alspac.bris.ac.uk). All pregnant 90 

women resident in three health districts in the old administrative county of Avon who had an estimated 91 

delivery between the above dates were eligible to participate. In addition, pregnant women that had 92 

migrated into the catchment area before the point of delivery were eligible. Recruitment was carried 93 

out by attempting to make contact with eligible women through ALSPAC staff visiting community 94 

locations and through using antenatal and maternity health services and media information to 95 

encourage contact and promote the study.[10] The parents completed regular postal questionnaires 96 

concerning their child’s health and development since birth. The children have completed 97 

questionnaires and attended annual assessment clinics since age 7 years. For analyses using the whole 98 

sample, 4830 children had data on both blood pressure and weight at age 12 years (2515 females and 99 

2315 males; age range: 11-14 years; mean age = 12.8 years) and depression at age 15 years (age range: 100 

14-17 years; mean age = 15.4 years). Main replication analyses focused on the sub-sample of children 101 

whose mothers had experienced recurrent depression (at least two episodes); 612 children were 102 

included in these analyses (347 females and 265 males). Ethical approval for the study was obtained 103 

from the ALSPAC Ethics and Law committee and the Local Research Ethics Committees.  104 

Measures 105 

EPAD study: 106 

Assessment of depression in the offspring of parents with recurrent depression  107 

The Child and Adolescent Psychiatric Assessment (CAPA) is a semi-structured research diagnostic 108 

interview that has high reliability and that is used to assess children's psychiatric symptoms [11]. 109 

Parents are asked about their children's psychopathology and children are independently interviewed 110 

using the interview schedules (parent and child versions).  The presence of any given symptom has to 111 

be rigorously assessed and only endorsed by the interviewer when it achieves the CAPA defined 112 

symptom threshold. Interviewers were trained by the team that developed the CAPA and all interviews 113 

were recorded. Interview fidelity was checked through inter-rater reliability checks of 20 randomly 114 
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selected recordings at each time point (10 parent report and 10 child report) and through weekly 115 

supervision by an academic clinician with extensive experience in using the interview. Average 116 

agreement between raters for DSM-IV psychiatric disorder was excellent (κ =0.92), as was average 117 

agreement for depression symptoms (κ =0.93). CAPA was used at each assessment and assesses the 118 

presence of a major depressive disorder in the child over the preceding three months. The parent and 119 

child versions were completed independently, with interviews conducted in separate rooms where 120 

possible and in 99 percent of cases, by separate researchers. Child diagnoses were generated using 121 

DSM-IV criteria, based on CAPA symptoms.  The presence of a diagnosis was endorsed if either 122 

parent (reporting on the child) or child reported it as being present. Fidelity of the diagnostic algorithms 123 

was further checked as all those meeting diagnostic criteria and subthreshold cases were reviewed 124 

weekly by two senior clinical and academic child and adolescent psychiatrists.  The total number of 125 

DSM-IV major depressive disorder symptoms was also computed from the CAPA. 126 

New onset major depressive disorder - The presence of a new onset DSM-IV diagnosis of major 127 

depressive disorder at either the second or third assessment was defined by excluding children that had 128 

a baseline diagnosis of DSM-IV major depressive disorder.  129 

Blood pressure –An Omron 705IT sphygmomanometer was used to measure blood pressure at each 130 

assessment whilst the child was in a seated position with their arm resting on a flat surface.  A standard 131 

cuff was used to measure blood pressure in children aged 11 years and over and a small adult cuff was 132 

used for children under 11 years, unless overweight.  Systolic and diastolic blood pressures were 133 

measured using standardised guidelines set out by the American Heart association.[12] At least two 134 

readings were taken at least one minute apart using the right arm.  When the difference between two 135 

readings was 5mmHg or less an average was taken.  136 

Weight and other potential confounders – Weight was considered to be a confounder of the relationship 137 

between blood pressure and depression due to its potential association with both.[13, 14] Interviewers 138 

measured the weight of the children without shoes to the nearest 0.1 kg using Seca scales. We also 139 

examined whether the results were affected by the presence of physical health problems (parent 140 

reported), any medication use (child or parent reported) and using body mass index (BMI) instead of 141 

weight. 142 
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Demographics – The mother and father questionnaires completed at baseline were used to assess 143 

maternal education and highest parental social class. Maternal education was categorised according to 144 

whether the mother had completed higher education (A-Levels, degree or postgraduate qualification). 145 

Parental social class was categorised according to whether either parent reported having a non-manual 146 

occupation. 147 

ALSPAC: 148 

Maternal history of recurrent depression – Mothers completed regular questionnaires from pregnancy 149 

to when the child was aged 12 years including the questions ‘Have you had depression in the last year/ 150 

last two years/ since your child was born/ever’. The mother was also asked ‘Have you ever had severe 151 

depression’ on three occasions over this time period. Research diagnostic interview generated 152 

psychiatric data on parents are not available in ALSPAC. Recurrent depression in the replication data 153 

set thus had to be defined where mother had reported having depression on at least two separate 154 

occasions, and if at least one of these occasions was reported as being severe. These criteria were used 155 

to create a subsample that was as similar as possible to the primary high-risk sample. 156 

Child depressive disorder – Parent reports on their child's symptoms were obtained using a structured 157 

diagnostic schedule (the Development and Wellbeing Assessment; DAWBA [15]) that, like the CAPA, 158 

has been used widely for large scale population studies. The parent-rated DAWBA was completed 159 

when the target age of the children was 13 years. Children were directly interviewed using the 160 

DAWBA at age 15 years. The DAWBA assesses the presence of a depressive disorder over the 161 

preceding month. DSM-IV diagnoses of depression were generated at each time point using a well-162 

defined computerised algorithm that predicts the likelihood of a clinical rater assigning each child a 163 

DSM-IV diagnosis of depression and generates diagnoses (see www.DAWBA.com for more 164 

information). A senior clinical psychiatrist reviewed the diagnoses and the DAWBA responses as part 165 

of the ALSPAC data collection process. [16] 166 

Blood pressure – Systolic and diastolic blood pressure were measured at the clinic assessments when 167 

the target ages of the children were 12 years and 15 years.  Blood pressure was measured twice at each 168 

assessment with a Dinamap 9301 Vital Signs Monitor and a mean of both readings was taken. 169 
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Weight and other potential confounders – Interviewers measured the weight and height of the children 170 

in light clothing and without shoes at the clinic assessments when the target age of the children was 12 171 

years. Weight was measured to the nearest 0.1 kg using Tanita scales (Tanita; Illinois, USA) and height 172 

was measured to the nearest 0.1 cm using a Harpenden stadiometer (Tarti; Turkey). BMI was then 173 

calculated (kg/m²). Maternal systolic blood pressure at 8 weeks gestation was abstracted from antenatal 174 

medical records.  175 

Demographics – The mother and father questionnaires completed during pregnancy were used to assess 176 

maternal education and highest parental social class. Maternal education was categorised according to 177 

whether the mother had completed higher education (A-Levels or degree). Parental social class was 178 

categorised according to whether either parent reported having a non-manual occupation. 179 

Statistical methods 180 

Each set of analyses were conducted in two steps. First, descriptive statistics were examined in the 181 

high-risk sample and then in the replication cohort using the subsample of children with mothers that 182 

have experienced recurrent depression in the past. Next, regression analyses were performed to 183 

examine the association between blood pressure and depression in the high-risk sample and then in the 184 

subsample from the replication cohort. Logistic regression analyses were used when the dependent 185 

variable was dichotomous and ordinary least squares linear regression analysis was used when the 186 

dependent variable was continuous.  Continuous outcome data that were not normally distributed were 187 

transformed prior to analysis using a natural log transformation.  Next, the linearity of the relationship 188 

between systolic blood pressure and future depressive disorder was examined by investigating the 189 

percentage of children with future depressive disorder by blood pressure quintiles, again in both 190 

samples. Next, receiver operating characteristic (ROC) analysis was performed to establish a cut off for 191 

blood pressure in both samples that showed adequate sensitivity and specificity for detecting future 192 

depressive disorder. Lastly, the association between systolic blood pressure and future depressive 193 

disorder was investigated in the general population by using the entire ALSPAC sample and the 194 

presence of a multiplicative interaction between maternal depression and systolic blood pressure on 195 

future depressive disorder was examined. Listwise deletion was used to deal with missing data in all 196 

analyses and data were analysed using SPSS (v20).Results 197 
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Demographic comparability of the EPAD high-risk sample (offspring of parents with recurrent 198 

depression), the ALSPAC replication subsample of children with mothers that have experienced 199 

recurrent depression and the whole ALSPAC sample  200 

Table 1 shows that the three samples are comparable on a range of demographics (child age, gender, 201 

maternal education and parental social class).  202 

Table 1 203 

 
EPAD        

(n=281) 

ALSPAC     

(subsample of  offspring 

of  recurrently 

depressed mothers; 

n=612) 

ALSPAC            

(whole sample; 

n=4830) 

Child age: mean (sd) 12.4 (2.0) 12.8 (0.2) 12.8 (0.2) 

Child gender (% female) 58.4 56.7 52.1 

Maternal education (% higher education) 51.9 44.3 47.2 

Parental social class (% non-manual) 74.0 84.1 87.7 

Demographics at baseline in the EPAD sample, ALSPAC subsample of offspring of recurrently 204 

depressed mothers and the whole ALSPAC sample 205 

Descriptives from EPAD high-risk sample 206 

Mean systolic and diastolic blood pressure in the EPAD sample at baseline were 117.26 mmHg and 207 

70.88 mmHg and standard deviations were 13.18 and 11.39 respectively. There were no significant 208 

differences between males and females for systolic or diastolic blood pressure at baseline. Systolic 209 

blood pressure at baseline was significantly correlated with age (r=.23, p<.001), but diastolic blood 210 

pressure was not (r=.02, p=.728).  Systolic blood pressure was thus standardised for age and gender to 211 

create standard deviation scores and all analyses for systolic blood pressure were run with the 212 

standardised variable.[17] Mean blood pressures for each age group in this sample were generally 213 

higher than population norms.[17,18]  Systolic blood pressure at baseline was significantly associated 214 

with weight (r=.25, p<.001), but diastolic blood pressure was not (r=.07, p=.236).  Given this finding 215 

all analyses with systolic blood pressure are reported controlling for weight. 216 

Twenty-four children (5 boys, 19 girls) in the sample developed a new onset depressive disorder 217 

(8.54%). 218 
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Descriptives from ALSPAC dataset – using the subsample of children with mothers that have 219 

experienced recurrent depression in the past 220 

Mean systolic and diastolic blood pressure in this sample at age 12 years were 111.10 mmHg and 56.61 221 

mmHg and standard deviations were 9.44 and 8.16 respectively. There were no significant differences 222 

between males and females for systolic or diastolic blood pressure at age 12. Again, systolic blood 223 

pressure was standardised for age and gender to create standard deviation scores and all analyses for 224 

systolic blood pressure were run with the standardised variable. The association between blood 225 

pressure and weight at age 12 was significant for both systolic (r=.45, p<.001) and diastolic blood 226 

pressure (r=.18, p<.001), therefore all results are reported controlling for weight. 227 

Eighteen children (5 boys, 13 girls) in the sample reported a depressive disorder over the last month at 228 

age 15 (2.94%). 229 

Initial analyses in EPAD high-risk sample 230 

Logistic regression analyses were performed to investigate the association between blood pressure and 231 

new onset depressive disorder in the EPAD sample of children. Lower systolic blood pressure at 232 

baseline significantly predicted new onset depressive disorder (OR = .65, 95% CI .44 to .96; p=.029) 233 

when adjusting for child’s weight at baseline. Diastolic blood pressure at baseline did not significantly 234 

predict new onset depressive disorder (OR = .97, 95% CI .92 to 1.01; p=.120).  235 

Results remained the same when the outcome was expanded to include the new onset of more broadly 236 

defined mood-related diagnoses (primary diagnosis: major depressive disorder n=22, dysthymia n=1, 237 

cyclothymia n=1, bipolar disorder n=3, adjustment disorder with depressed mood n=4 and depressive 238 

disorder not otherwise specified n=5).  Results also remained similar when separately adjusting for 239 

medication use and physical health problems in the child and when adjusting for BMI instead of 240 

weight. The association was not significantly moderated by gender (p=.769). 241 

Given few adolescents developed new onset depressive disorder, the analysis was repeated using total 242 

depression symptom scores at wave 3 as the outcome.  Linear regression analysis with systolic blood 243 

pressure at baseline as a predictor and depression symptoms at the wave 3 assessment as the outcome, 244 

and again controlling for weight, showed significant association (β = -.13; p=.040). 245 
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To examine whether depressive disorder was a predictor of blood pressure, a linear regression analysis 246 

was performed with a diagnosis of depressive disorder at baseline as a predictor and systolic blood 247 

pressure at the wave 3 assessment as the outcome, again controlling for child’s weight at baseline.  This 248 

was non-significant (β = -.05; p =.412).  Given the low number of individuals with depressive disorder 249 

at baseline the analysis was repeated using total depression symptoms at baseline as a predictor. Again 250 

the results were non-significant (β = -.07; p = .286).  251 

Replication in ALSPAC dataset – using the subsample of children with mothers that have 252 

experienced recurrent depression in the past 253 

Logistic regression analyses were undertaken in the replication sample. Lower systolic blood pressure 254 

at age 12 significantly predicted depressive disorder at age 15 (OR = .48, 95% CI .27 to .85; p=.012), 255 

however, diastolic blood pressure did not (OR = .98, 95% CI .93 to 1.05; p=.597). Results remained 256 

similar when adjusting for BMI instead of weight and when additionally adjusting for maternal systolic 257 

blood pressure in pregnancy. The association was not significantly moderated by gender (p=.102). 258 

To examine whether depressive disorder was a predictor of blood pressure, a linear regression analyses 259 

was performed with a diagnosis of depressive disorder at age 13 as a predictor and systolic blood 260 

pressure at age 15 as the outcome, again controlling for child’s weight.  This was non-significant (β = -261 

.04; p = .378).   262 

Relationship between blood pressure and depressive disorder in high-risk EPAD sample 263 

To further investigate the relationship between systolic blood pressure and depressive disorder in the 264 

EPAD sample, blood pressure was split into quintiles to examine the percentage of children with new 265 

onset depressive disorder by blood pressure categories and the linearity of the relationship. As can be 266 

seen in Figure 2, there is a lower risk of depressive disorder with higher levels of blood pressure, with 267 

the lowest quintile of systolic blood pressure having the highest percentage of depressive disorder 268 

cases.  269 
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Figure 2 270 

 271 

Figure to show percentage of children with new onset depressive disorder at follow-up by quintiles of 272 

systolic blood pressure at baseline in the EPAD sample  273 

Replication in ALSPAC dataset – using the subsample of children with mothers that have 274 

experienced recurrent depression in the past 275 

To further investigate the relationship between systolic blood pressure and depression in the replication 276 

sample, blood pressure was split into quintiles to examine the percentage of children with depression at 277 

age 15 by blood pressure categories and the linearity of the relationship.   278 

As can be seen in Figure 3, there is a lower risk of depressive disorder with higher levels of blood 279 

pressure, with the lowest quintile of systolic blood pressure having the highest percentage of depressive 280 

disorder cases.  281 

Figure 3 282 
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Figure to show percentage of children with depressive disorder at age 15 years by quintiles of systolic 284 

blood pressure at age 12 years in the ALSPAC sample  285 

Analyses so far have highlighted a significant association between lower systolic blood pressure and 286 

future depression in two different samples of offspring of parents with recurrent depression. Next, ROC 287 

analysis was performed to establish a cut off for blood pressure in both samples that showed adequate 288 

sensitivity and specificity for detecting future depressive disorder. A cut off point of below 0.025 289 

standard deviations above the mean using standardised systolic blood pressure [17] showed a 290 

sensitivity of 63% and a specificity of 66% for the high risk EPAD sample (this would approximately 291 

equate to systolic blood pressure below 112mmHg for a 12 year old boy and below 113mmHg for a 12 292 

year old girl). A cut off point of below 0.485 standard deviations below the mean using standardised 293 

systolic blood pressure [17]  showed a sensitivity of 61% and a specificity of 61% for the ALSPAC 294 

replication sample (this would approximately equate to systolic blood pressure below 108mmHg for a 295 

12 year old boy or girl). Logistic regression analyses were performed to examine the strength of the 296 

association between low blood pressure and future depressive disorder using each of the cut offs 297 

identified in each sample (Table 2). 298 

Table 2 299 

   300 

1Adjusted for child weight at W1 301 

Association between low blood pressure and future depressive disorder in the EPAD and ALSPAC 302 

samples using the optimal cut off for low blood pressure identified in each sample using ROC curve 303 

analysis 304 

From these analyses it seems a cut off for low systolic blood pressure for children aged 12 years lies 305 

between 108 and 113mmHg. 306 

 

OR (95% CI)
1
 

Optimal cut off in EPAD 

sample (< .025) 

Optimal cut off in 

ALSPAC sample (< -.485) 

EPAD sample 3.13 (1.30, 7.53) 3.43 (1.45, 8.13) 

ALSPAC sample 3.00 (.93, 9.71) 3.62 (1.23, 10.65) 
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Lastly, supplementary analyses were performed to examine the association between blood pressure and 307 

future depression in the general population using the entire ALSPAC sample. 308 

Supplementary analyses using entire ALSPAC sample: 309 

1) Testing the relationship between depressive disorder and blood pressure in the general 310 

population (not limiting analysis to those adolescents with a parental history of recurrent 311 

depression)   312 

Descriptives 313 

Mean systolic and diastolic blood pressure in the sample at age 12 were 111.01 mmHg and 56.53 314 

mmHg and standard deviations were 9.54 and 7.88 respectively. There were no significant differences 315 

between males and females for systolic or diastolic blood pressure at age 12. Again, systolic blood 316 

pressure was standardised for age and gender to create standard deviation scores and all analyses for 317 

systolic blood pressure were run with the standardised variable. The association between blood 318 

pressure and weight at age 12 was significant for both systolic (r=.44, p<.001) and diastolic blood 319 

pressure (r=.19, p<.001), therefore all results are reported controlling for weight. 320 

Seventy five children (22 boys, 53 girls) in the sample reported a depressive disorder over the last 321 

month at age 15 (1.55%). 322 

Preliminary analyses 323 

Logistic regression analyses were performed to investigate the association between blood pressure and 324 

depressive disorder. Systolic blood pressure at age 12 did not significantly predict depressive disorder 325 

at age 15 (OR = .98, 95% CI .76 to 1.27; p=.875). Diastolic blood pressure at age 12 did not 326 

significantly predict depressive disorder at age 15 (OR = 1.01, 95% CI .98 to 1.04; p=.604).  327 

2) Examining whether a history of recurrent maternal depression moderated the 328 

relationship between systolic blood pressure and depression 329 

Logistic regression analyses were then performed to test if recurrent maternal depression moderated the 330 

relationship between systolic blood pressure and depressive disorder. The predictor variables, systolic 331 

blood pressure and maternal recurrent depression were centred to convert them to their deviation form 332 

to remove non-essential multicollinearity. The interaction was found to be significant (OR = .49, 95% 333 

CI .27 to .89; p=.019).  334 
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Systolic blood pressure was then categorised into ‘high’ and ‘low’ by splitting at the median, so that 335 

the interaction could be displayed graphically. As can be seen in Figure 4, when recurrent maternal 336 

depression was present, children with low blood pressure showed the highest percentage of depressive 337 

disorder.  However, when recurrent maternal depression was not present, children with high blood 338 

pressure showed the highest percentage of depressive disorder. 339 

Figure 4 340 

 341 

Figure to show percentage of children with depressive disorder at age 15 years within ‘high’ and ‘low’ 342 

systolic blood pressure groups at age 12 years by maternal depression status in the ALSPAC sample343 
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Discussion  344 

In this study we found that lower systolic blood pressure significantly predicted future new onset 345 

depressive disorder amongst a sample of children and adolescents at high risk of developing depression 346 

because of a parental history of recurrent depression. This finding was replicated in a large community 347 

based cohort study (ALSPAC) for children whose mothers reported a history of recurrent depression 348 

(replication sample).  When investigating this relationship in more detail, it seemed that those with the 349 

lowest systolic blood pressure were most at risk of developing a depressive disorder in the future. A cut 350 

off value for systolic blood pressure in 12 year old children was identified as being within the range of 351 

108 and 113mmHg. Finally when investigating this relationship in the entire population cohort 352 

(ALSPAC), the association between blood pressure and major depressive disorder was no longer 353 

significant. There was no evidence for an association in the opposite direction (depression predicting 354 

future blood pressure levels) either in the study sample or in the replication cohort nor was there an 355 

association between diastolic blood pressure and future depression in either dataset. 356 

In our study, whilst the average blood pressure in the offspring of parents with recurrent depressive 357 

disorder was slightly higher than population norms, it was those whose blood pressure was lower who 358 

were at most risk of developing depressive disorder. This was not true in adolescents from the general 359 

population.  There have been no previously published longitudinal studies examining the relationship 360 

between blood pressure and depression in children from the general population or children at high-risk 361 

of depression. In adults, findings have been mixed but links between low blood pressure and depression 362 

have been noted.  These have not only been noted cross-sectionally in adults,[19, 20] but a study on 363 

elderly patients reported a fall in systolic blood pressure predicted the onset of depression.[6] In 364 

adolescents who did not have a parent with recurrent depressive disorder, higher blood pressure 365 

showed some association with a higher risk of future depressive disorder.    Given the limited scientific 366 

literature on this topic the mechanisms by which low blood pressure might precede depression for 367 

adolescent offspring of individuals with recurrent depressive disorder are unclear and we can at present 368 

only speculate as to what these might be.  Possible mechanisms include  shared risks (genetic and/or 369 

environmental) that contribute to both lower blood pressure and depression that are especially enriched 370 

in those offspring most at risk of developing depressive disorder in the near future. Another possibility 371 

is that low blood pressure, in those who are familially/genetically vulnerable to depression, represents 372 

an early manifestation (possibly through autonomic system dysregulation) or prodromal phase of major 373 
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depressive disorder. There is strikingly limited research on biological links between early mental health 374 

problems and physical health as well as on autonomic system function in young people who are 375 

familially vulnerable to depression [21]. Our findings highlight the need for further research on links 376 

between mental and physical health in young people. 377 

Strengths and Limitations 378 

This is the first study we are aware of to report on the longitudinal relationship between blood pressure 379 

and depressive disorder in adolescents, an important period for the onset of depression.  In the main 380 

sample, children and adolescents were followed up at three points over a four year period with a high 381 

retention rate of over 80%.  A similar pattern of results was found in a large community based cohort 382 

study (ALSPAC) for those children of mothers with a history of recurrent depression. In both samples, 383 

diagnoses were systematically ascertained using interview and blood pressure readings were measured 384 

according to standardised protocol. In addition, potential confounders of the relationship were taken 385 

account of. There were also possible limitations of the study.  Blood pressures were measured using an 386 

electronic device which uses an oscillometric technique rather than the auscultatory technique that most 387 

population norms are based on and it has been noted that these readings are not equivalent. However 388 

there is a lack of consensus as to whether using different methods leads to any systematic bias and 389 

inaccuracies seem more related to not using a standardised technique rather than the instrument.[22] In 390 

addition, the cut off values identified in the high risk and replication samples differed slightly. This 391 

may have been because of differences in measurement techniques in the two studies. These results need 392 

to be replicated in other samples in order to establish more precise cut off for low systolic blood 393 

pressure. Despite being a high-risk sample, the number of children with depressive disorder was small 394 

and many of the sample had not been though the age of maximum risk for developing a depressive 395 

disorder so this could lead to an underestimate of the effects of risk factors. In addition, the number of 396 

children with depressive disorder was also low in the replication sample, partly because only a self-397 

report measure of depressive disorder was available at age 15, and partly because of selective attrition 398 

over time.  Previous studies have reported that although attrition has affected prevalence rates of 399 

depression in the mother and internalising disorders in the children, the associations between risks and 400 

outcomes remained intact, although conservative estimates of the likely true effects.[23, 24]  Lastly, the 401 

subsample of recurrently depressed mothers in the replication dataset is likely to index a less severe 402 
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group as maternal self-report of depression was used as opposed to defining episodes of depression 403 

using DSM-IV criteria as was done in the main dataset. 404 

In summary, in our study of adolescents at high risk of depression we found that low blood pressure 405 

was associated with major depressive disorder. This finding was replicated in an independent cohort.   406 

Future research is needed using different populations to confirm this relationship as it is a novel finding 407 

and to investigate the mechanisms by which the relationship between low blood pressure and 408 

depressive disorder in children at risk for depression may arise.  409 
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Title: Depression and blood pressure in high-risk children and adolescents: an investigation using two 1 

longitudinal cohorts.  2 

Abstract 3 

Objective – To examine the relationship between blood pressure and depressive disorder in children 4 

and adolescents at high-risk for depression. 5 

Design – Multi-sample longitudinal design including a prospective longitudinal 3-wave high-risk study 6 

of offspring of parents with recurrent depression and an on-going birth cohort for replication. 7 

Setting – Community based studies.  8 

Participants – High-risk sample includes 281 families where children were aged 9-17 years at baseline 9 

and 10-19 years at the final data point. Replication cohort includes 4830 families where children were 10 

aged 11-14 years at baseline and 14-17 years at follow up and a high-risk subsample of 612 offspring 11 

with mothers that had reported recurrent depression. 12 

Main outcome measures –New onset DSM-IV defined depressive disorder in the offspring using 13 

established research diagnostic assessments - the Child and Adolescent Psychiatric Assessment 14 

(CAPA) in the high risk sample and the Development and Wellbeing Assessment (DAWBA) in the 15 

replication sample. 16 

Results – Blood pressure was standardised for age and gender to create standard deviation scores and 17 

child’s weight was statistically controlled in all analyses.  In the high-risk sample, lower systolic blood 18 

pressure at wave 1 significantly predicted new onset depressive disorder in children (OR=.65, 95% CI 19 

.44 to .96; p=.029) but diastolic blood pressure did not. Depressive disorder at Wave 1 did not predict 20 

systolic blood pressure at Wave 3.  A significant association between lower systolic blood pressure and 21 

future depression was also found in the replication cohort in the second subset of high-risk children 22 

whose mothers had experienced recurrent depression in the past.  23 

Conclusion – Lower systolic blood pressure predicts new onset depressive disorder in the offspring of 24 

parents with depression. Further studies are needed to investigate how this association arises.  25 

Key words 26 

Depression; Blood Pressure; ALSPAC; Adolescent; Cohort Studies27 
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28 

Article focus: 

• To examine the relationship between blood pressure and future depressive disorder 

in adolescents at high-risk for depression. 

Key messages  

• Low systolic blood pressure predicts future depressive disorder in adolescent 

offspring of parents with recurrent depression. 

 

Strength and Limitations 

• Replication of findings in two independent cohort studies, one a high risk sample 

and one a population based cohort. 

• Mechanism by which low blood pressure is linked to depression risk needs further 

investigation. 
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Introduction 29 

The two leading causes of death and disability in the developed world are depression and 30 

cardiovascular disease. The association between depression and cardiovascular disease is well 31 

established in adults,[1] although the mechanisms by which it arises are still not clear. It has been 32 

suggested that these links reflect early associations between depression and cardiovascular risk factors. 33 

High blood pressure is an important cardiovascular risk factor and it has also been linked to depression 34 

in adults in some studies.[2] Other studies, however, have found the converse. They suggest that 35 

depression is associated with low blood pressure and that it is only depression treated with certain 36 

antidepressants which is associated with high blood pressure.[3] To guide the study of mechanisms by 37 

which the links between cardiovascular risk factors, notably blood pressure and depression may arise, it 38 

is important to first ascertain the direction of effects. In the few longitudinal studies in this area, the 39 

findings are inconsistent, with some studies finding depression as a predictor of either high blood 40 

pressure,[4] or low blood pressure,[5]
 
whilst others have found the converse, with low blood pressure 41 

predicting depression.[6] 42 

 43 

Although both depression and the early indicators of cardiovascular disease have been found to have 44 

onset in childhood and adolescence,[7, 8] very few studies have focused on these links in younger 45 

populations. In this study, the main aim was to investigate the relationship between blood pressure and 46 

subsequent first onset episode of depression in a prospective cohort of children and adolescents at high 47 

risk of depression. The secondary aim was to replicate findings in an independent cohort.   48 

49 
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Method  50 

Data were derived from a prospective longitudinal study of offspring of parents with recurrent 51 

depression–‘The Early Prediction of Adolescent Depression (EPAD) study’. At baseline, the sample 52 

included 337 families (315 mothers and 22 fathers) that were recruited from general practices across 53 

South Wales, by writing to eligible families, and from a database of adults with previously identified 54 

unipolar depression. A sample size of 300 families was calculated to provide sufficient power to test 55 

the main hypotheses of the original project whilst allowing detailed assessments at each time point.  56 

Recurrent depression is defined as the presence of least two episodes of DSM-IV major depressive 57 

disorder. Diagnosis in the index parent was confirmed at baseline using a research diagnostic interview 58 

that is widely used to assess adult psychiatric disorder, the SCAN (Schedules for Clinical Assessment 59 

in Neuropsychiatry).  This was undertaken by researchers who were trained and supervised by an 60 

experienced academic clinician. The youngest child within the age range of 9 to 17 years was selected 61 

for inclusion (197 girls and 140 boys, mean age = 12.4 years).  All children were biologically related to 62 

and currently living with the affected parent.  Additional exclusion criteria included children with 63 

moderate-severe intellectual disability (IQ<50) and parents with bipolar disorder, mania/hypomania or 64 

psychosis at time of interview. Two families were consequently excluded from waves 2 and 3 of the 65 

study because the depressed parent had been diagnosed as suffering from bipolar disorder since the 66 

wave 1 assessment. Symptoms of psychiatric disorder in parents and offspring were separately assessed 67 

using age-appropriate standard research diagnostic interviews independently by two trained research 68 

psychologists on three occasions over the course of the study which began in April 2007 and finished 69 

in April 2011. The average time between the baseline and second assessment was 16.2 months and 70 

between the second and third assessment was 12.5 months. Further details on the sample characteristics 71 

and methodology have been described previously.[9] 72 

For the main analyses, 30 families were excluded because they had not completed at least two waves of 73 

data. A further 10 children were excluded from main analyses because they already met criteria for  74 

DSM-IV major depressive disorder at baseline and thus the blood pressure assessment did not precede 75 

onset.  Lastly 14 children were excluded because a measure of blood pressure and/or weight had not 76 

been completed at baseline either because there had been a fault in the equipment or the child had 77 

refused. This resulted in a final sample of 281 families (see Figure 1 for more details). Psychiatric data 78 

were collected from parents and children via semi-structured research diagnostic interviews and blood 79 
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pressure and weight were assessed by the interviewer. Additional data on physical health problems, 80 

maternal education and social class were collected from parents and children from self-completed 81 

questionnaires that were mailed to the families two weeks before their interview. Ethical approval for 82 

the study was obtained from the Multi-centre Research Ethics Committee for Wales. 83 

84 
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Figure 1 85 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flow chart of retention at each assessment in the EPAD sample   

 
Baseline eligible sample = 

337 families 

 
335 eligible families 

Exclusions 

2 families withdraw due to 

bipolar diagnosis in affected 

parent 

Data on W1 DSM Major 

Depressive Disorder: 

 335 children (100%) 

Data on W2 DSM Major 

Depressive Disorder: 

 287 children (86%) 

Data on W3 DSM Major 

Depressive Disorder: 

283 children (84%) 

Data on DSM Major 

Depressive Disorder from at 

least 2 waves:  

305 children (91%) 

Data on all variables of 

interest in main analyses: 

 281 children (84%) 

 

10 children excluded due to 

presence of W1 DSM Major 

Depressive Disorder 

Data on New Onset 

Depressive disorder at W2 

or W3: 

295 children (88%) 

 

12 children missing 

data on blood 

pressure at W1 

2 additional children 

missing data on 

weight at W1 

 

47 families not completed 

interview 

1 interview too much 

missing data to make 

diagnosis 

 

52 families not 

completed 

interview 
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Data were also utilised from a birth cohort study ‘The Avon Longitudinal Study of Parents and 86 

Children (ALSPAC)’ to allow replication of findings from the first high-risk sample.  The cohort was 87 

set up to examine genetic and environmental determinants of health and development.[10] The initial 88 

cohort consisted of 14,062 children born to residents of the Bristol area, UK, who had an expected date 89 

of delivery between 1
st
 April 1991 and 31

st
 December 1992 (www.alspac.bris.ac.uk). All pregnant 90 

women resident in three health districts in the old administrative county of Avon who had an estimated 91 

delivery between the above dates were eligible to participate. In addition, pregnant women that had 92 

migrated into the catchment area before the point of delivery were eligible. Recruitment was carried 93 

out by attempting to make contact with eligible women through ALSPAC staff visiting community 94 

locations and through using antenatal and maternity health services and media information to 95 

encourage contact and promote the study.[10] The parents completed regular postal questionnaires 96 

concerning their child’s health and development since birth. The children have completed 97 

questionnaires and attended annual assessment clinics since age 7 years. For analyses using the whole 98 

sample, 4830 children had data on both blood pressure and weight at age 12 years (2515 females and 99 

2315 males; age range: 11-14 years; mean age = 12.8 years) and depression at age 15 years (age range: 100 

14-17 years; mean age = 15.4 years). Main replication analyses focused on the sub-sample of children 101 

whose mothers had experienced recurrent depression (at least two episodes); 612 children were 102 

included in these analyses (347 females and 265 males). Ethical approval for the study was obtained 103 

from the ALSPAC Ethics and Law committee and the Local Research Ethics Committees.  104 

Measures 105 

EPAD study: 106 

Assessment of depression in the offspring of parents with recurrent depression  107 

The Child and Adolescent Psychiatric Assessment (CAPA) is a semi-structured research diagnostic 108 

interview that has high reliability and that is used to assess children's psychiatric symptoms [11]. 109 

Parents are asked about their children's psychopathology and children are independently interviewed 110 

using the interview schedules (parent and child versions).  The presence of any given symptom has to 111 

be rigorously assessed and only endorsed by the interviewer when it achieves the CAPA defined 112 

symptom threshold. Interviewers were trained by the team that developed the CAPA and all interviews 113 

were recorded. Interview fidelity was checked through inter-rater reliability checks of 20 randomly 114 
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selected recordings at each time point (10 parent report and 10 child report) and through weekly 115 

supervision by an academic clinician with extensive experience in using the interview. Average 116 

agreement between raters for DSM-IV psychiatric disorder was excellent (κ =0.92), as was average 117 

agreement for depression symptoms (κ =0.93). CAPA was used at each assessment and assesses the 118 

presence of a major depressive disorder in the child over the preceding three months. The parent and 119 

child versions were completed independently, with interviews conducted in separate rooms where 120 

possible and in 99 percent of cases, by separate researchers. Child diagnoses were generated using 121 

DSM-IV criteria, based on CAPA symptoms.  The presence of a diagnosis was endorsed if either 122 

parent (reporting on the child) or child reported it as being present. Fidelity of the diagnostic algorithms 123 

was further checked as all those meeting diagnostic criteria and subthreshold cases were reviewed 124 

weekly by two senior clinical and academic child and adolescent psychiatrists.  The total number of 125 

DSM-IV major depressive disorder symptoms was also computed from the CAPA. 126 

New onset major depressive disorder - The presence of a new onset DSM-IV diagnosis of major 127 

depressive disorder at either the second or third assessment was defined by excluding children that had 128 

a baseline diagnosis of DSM-IV major depressive disorder.  129 

Blood pressure –An Omron 705IT sphygmomanometer was used to measure blood pressure at each 130 

assessment whilst the child was in a seated position with their arm resting on a flat surface.  A standard 131 

cuff was used to measure blood pressure in children aged 11 years and over and a small adult cuff was 132 

used for children under 11 years, unless overweight.  Systolic and diastolic blood pressures were 133 

measured using standardised guidelines set out by the American Heart association.[12] At least two 134 

readings were taken at least one minute apart using the right arm.  When the difference between two 135 

readings was 5mmHg or less an average was taken.  136 

Weight and other potential confounders – Weight was considered to be a confounder of the relationship 137 

between blood pressure and depression due to its potential association with both.[13, 14] Interviewers 138 

measured the weight of the children without shoes to the nearest 0.1 kg using Seca scales. We also 139 

examined whether the results were affected by the presence of physical health problems (parent 140 

reported), any medication use (child or parent reported) and using body mass index (BMI) instead of 141 

weight. 142 
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Demographics – The mother and father questionnaires completed at baseline were used to assess 143 

maternal education and highest parental social class. Maternal education was categorised according to 144 

whether the mother had completed higher education (A-Levels, degree or postgraduate qualification). 145 

Parental social class was categorised according to whether either parent reported having a non-manual 146 

occupation. 147 

ALSPAC: 148 

Maternal history of recurrent depression – Mothers completed regular questionnaires from pregnancy 149 

to when the child was aged 12 years including the questions ‘Have you had depression in the last year/ 150 

last two years/ since your child was born/ever’. The mother was also asked ‘Have you ever had severe 151 

depression’ on three occasions over this time period. Research diagnostic interview generated 152 

psychiatric data on parents are not available in ALSPAC. Recurrent depression in the replication data 153 

set thus had to be defined where mother had reported having depression on at least two separate 154 

occasions, and if at least one of these occasions was reported as being severe. These criteria were used 155 

to create a subsample that was as similar as possible to the primary high-risk sample. 156 

Child depressive disorder – Parent reports on their child's symptoms were obtained using a structured 157 

diagnostic schedule (the Development and Wellbeing Assessment; DAWBA [15]) that, like the CAPA, 158 

has been used widely for large scale population studies. The parent-rated DAWBA was completed 159 

when the target age of the children was 13 years. Children were directly interviewed using the 160 

DAWBA at age 15 years. The DAWBA assesses the presence of a depressive disorder over the 161 

preceding month. DSM-IV diagnoses of depression were generated at each time point using a well-162 

defined computerised algorithm that predicts the likelihood of a clinical rater assigning each child a 163 

DSM-IV diagnosis of depression and generates diagnoses (see www.DAWBA.com for more 164 

information). A senior clinical psychiatrist reviewed the diagnoses and the DAWBA responses as part 165 

of the ALSPAC data collection process. [16] 166 

Blood pressure – Systolic and diastolic blood pressure were measured at the clinic assessments when 167 

the target ages of the children were 12 years and 15 years.  Blood pressure was measured twice at each 168 

assessment with a Dinamap 9301 Vital Signs Monitor and a mean of both readings was taken. 169 
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Weight and other potential confounders – Interviewers measured the weight and height of the children 170 

in light clothing and without shoes at the clinic assessments when the target age of the children was 12 171 

years. Weight was measured to the nearest 0.1 kg using Tanita scales (Tanita; Illinois, USA) and height 172 

was measured to the nearest 0.1 cm using a Harpenden stadiometer (Tarti; Turkey). BMI was then 173 

calculated (kg/m²). Maternal systolic blood pressure at 8 weeks gestation was abstracted from antenatal 174 

medical records.  175 

Demographics – The mother and father questionnaires completed during pregnancy were used to assess 176 

maternal education and highest parental social class. Maternal education was categorised according to 177 

whether the mother had completed higher education (A-Levels or degree). Parental social class was 178 

categorised according to whether either parent reported having a non-manual occupation. 179 

Statistical methods 180 

Each set of analyses were conducted in two steps. First, descriptive statistics were examined in the 181 

high-risk sample and then in the replication cohort using the subsample of children with mothers that 182 

have experienced recurrent depression in the past. Next, regression analyses were performed to 183 

examine the association between blood pressure and depression in the high-risk sample and then in the 184 

subsample from the replication cohort. Logistic regression analyses were used when the dependent 185 

variable was dichotomous and ordinary least squares linear regression analysis was used when the 186 

dependent variable was continuous.  Continuous outcome data that were not normally distributed were 187 

transformed prior to analysis using a natural log transformation.  Next, the linearity of the relationship 188 

between systolic blood pressure and future depressive disorder was examined by investigating the 189 

percentage of children with future depressive disorder by blood pressure quintiles, again in both 190 

samples. Next, receiver operating characteristic (ROC) analysis was performed to establish a cut off for 191 

blood pressure in both samples that showed adequate sensitivity and specificity for detecting future 192 

depressive disorder. Lastly, the association between systolic blood pressure and future depressive 193 

disorder was investigated in the general population by using the entire ALSPAC sample and the 194 

presence of a multiplicative interaction between maternal depression and systolic blood pressure on 195 

future depressive disorder was examined. Listwise deletion was used to deal with missing data in all 196 

analyses and data were analysed using SPSS (v20).197 
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Results 198 

Demographic comparability of the EPAD high-risk sample (offspring of parents with recurrent 199 

depression), the ALSPAC replication subsample of children with mothers that have experienced 200 

recurrent depression and the whole ALSPAC sample  201 

Table 1 shows that the three samples are comparable on a range of demographics (child age, gender, 202 

maternal education and parental social class).  203 

Table 1 204 

 
EPAD        

(n=281) 

ALSPAC     

(subsample of  offspring 

of  recurrently 

depressed mothers; 

n=612) 

ALSPAC            

(whole sample; 

n=4830) 

Child age: mean (sd) 12.4 (2.0) 12.8 (0.2) 12.8 (0.2) 

Child gender (% female) 58.4 56.7 52.1 

Maternal education (% higher education) 51.9 44.3 47.2 

Parental social class (% non-manual) 74.0 84.1 87.7 

Demographics at baseline in the EPAD sample, ALSPAC subsample of offspring of recurrently 205 

depressed mothers and the whole ALSPAC sample 206 

Descriptives from EPAD high-risk sample 207 

Mean systolic and diastolic blood pressure in the EPAD sample at baseline were 117.26 mmHg and 208 

70.88 mmHg and standard deviations were 13.18 and 11.39 respectively. There were no significant 209 

differences between males and females for systolic or diastolic blood pressure at baseline. Systolic 210 

blood pressure at baseline was significantly correlated with age (r=.23, p<.001), but diastolic blood 211 

pressure was not (r=.02, p=.728).  Systolic blood pressure was thus standardised for age and gender to 212 

create standard deviation scores and all analyses for systolic blood pressure were run with the 213 

standardised variable.[17] Mean blood pressures for each age group in this sample were generally 214 

higher than population norms.[17,18]  Systolic blood pressure at baseline was significantly associated 215 

with weight (r=.25, p<.001), but diastolic blood pressure was not (r=.07, p=.236).  Given this finding 216 

all analyses with systolic blood pressure are reported controlling for weight. 217 

Page 35 of 49

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

12 

 

Twenty-four children (5 boys, 19 girls) in the sample developed a new onset depressive disorder 218 

(8.54%). 219 

Descriptives from ALSPAC dataset – using the subsample of children with mothers that have 220 

experienced recurrent depression in the past 221 

Mean systolic and diastolic blood pressure in this sample at age 12 years were 111.10 mmHg and 56.61 222 

mmHg and standard deviations were 9.44 and 8.16 respectively. There were no significant differences 223 

between males and females for systolic or diastolic blood pressure at age 12. Again, systolic blood 224 

pressure was standardised for age and gender to create standard deviation scores and all analyses for 225 

systolic blood pressure were run with the standardised variable. The association between blood 226 

pressure and weight at age 12 was significant for both systolic (r=.45, p<.001) and diastolic blood 227 

pressure (r=.18, p<.001), therefore all results are reported controlling for weight. 228 

Eighteen children (5 boys, 13 girls) in the sample reported a depressive disorder over the last month at 229 

age 15 (2.94%). 230 

Initial analyses in EPAD high-risk sample 231 

Logistic regression analyses were performed to investigate the association between blood pressure and 232 

new onset depressive disorder in the EPAD sample of children. Lower systolic blood pressure at 233 

baseline significantly predicted new onset depressive disorder (OR = .65, 95% CI .44 to .96; p=.029) 234 

when adjusting for child’s weight at baseline. Diastolic blood pressure at baseline did not significantly 235 

predict new onset depressive disorder (OR = .97, 95% CI .92 to 1.01; p=.120).  236 

Results remained the same when the outcome was expanded to include the new onset of more broadly 237 

defined mood-related diagnoses (primary diagnosis: major depressive disorder n=22, dysthymia n=1, 238 

cyclothymia n=1, bipolar disorder n=3, adjustment disorder with depressed mood n=4 and depressive 239 

disorder not otherwise specified n=5).  Results also remained similar when separately adjusting for 240 

medication use and physical health problems in the child and when adjusting for BMI instead of 241 

weight. The association was not significantly moderated by gender (p=.769). 242 

Given few adolescents developed new onset depressive disorder, the analysis was repeated using total 243 

depression symptom scores at wave 3 as the outcome.  Linear regression analysis with systolic blood 244 
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pressure at baseline as a predictor and depression symptoms at the wave 3 assessment as the outcome, 245 

and again controlling for weight, showed significant association (β = -.13; p=.040). 246 

To examine whether depressive disorder was a predictor of blood pressure, a linear regression analysis 247 

was performed with a diagnosis of depressive disorder at baseline as a predictor and systolic blood 248 

pressure at the wave 3 assessment as the outcome, again controlling for child’s weight at baseline.  This 249 

was non-significant (β = -.05; p =.412).  Given the low number of individuals with depressive disorder 250 

at baseline the analysis was repeated using total depression symptoms at baseline as a predictor. Again 251 

the results were non-significant (β = -.07; p = .286).  252 

Replication in ALSPAC dataset – using the subsample of children with mothers that have 253 

experienced recurrent depression in the past 254 

Logistic regression analyses were undertaken in the replication sample. Lower systolic blood pressure 255 

at age 12 significantly predicted depressive disorder at age 15 (OR = .48, 95% CI .27 to .85; p=.012), 256 

however, diastolic blood pressure did not (OR = .98, 95% CI .93 to 1.05; p=.597). Results remained 257 

similar when adjusting for BMI instead of weight and when additionally adjusting for maternal systolic 258 

blood pressure in pregnancy. The association was not significantly moderated by gender (p=.102). 259 

To examine whether depressive disorder was a predictor of blood pressure, a linear regression analyses 260 

was performed with a diagnosis of depressive disorder at age 13 as a predictor and systolic blood 261 

pressure at age 15 as the outcome, again controlling for child’s weight.  This was non-significant (β = -262 

.04; p = .378).   263 

Relationship between blood pressure and depressive disorder in high-risk EPAD sample 264 

To further investigate the relationship between systolic blood pressure and depressive disorder in the 265 

EPAD sample, blood pressure was split into quintiles to examine the percentage of children with new 266 

onset depressive disorder by blood pressure categories and the linearity of the relationship. As can be 267 

seen in Figure 2, there is a lower risk of depressive disorder with higher levels of blood pressure, with 268 

the lowest quintile of systolic blood pressure having the highest percentage of depressive disorder 269 

cases.  270 
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Figure 2 271 

 272 

Figure to show percentage of children with new onset depressive disorder at follow-up by quintiles of 273 

systolic blood pressure at baseline in the EPAD sample  274 

Replication in ALSPAC dataset – using the subsample of children with mothers that have 275 

experienced recurrent depression in the past 276 

To further investigate the relationship between systolic blood pressure and depression in the replication 277 

sample, blood pressure was split into quintiles to examine the percentage of children with depression at 278 

age 15 by blood pressure categories and the linearity of the relationship.   279 

As can be seen in Figure 3, there is a lower risk of depressive disorder with higher levels of blood 280 

pressure, with the lowest quintile of systolic blood pressure having the highest percentage of depressive 281 

disorder cases.  282 

Figure 3 283 
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Figure to show percentage of children with depressive disorder at age 15 years by quintiles of systolic 285 

blood pressure at age 12 years in the ALSPAC sample  286 

Analyses so far have highlighted a significant association between lower systolic blood pressure and 287 

future depression in two different samples of offspring of parents with recurrent depression. Next, ROC 288 

analysis was performed to establish a cut off for blood pressure in both samples that showed adequate 289 

sensitivity and specificity for detecting future depressive disorder. A cut off point of below 0.025 290 

standard deviations above the mean using standardised systolic blood pressure [17] showed a 291 

sensitivity of 63% and a specificity of 66% for the high risk EPAD sample (this would approximately 292 

equate to systolic blood pressure below 112mmHg for a 12 year old boy and below 113mmHg for a 12 293 

year old girl). A cut off point of below 0.485 standard deviations below the mean using standardised 294 

systolic blood pressure [17]  showed a sensitivity of 61% and a specificity of 61% for the ALSPAC 295 

replication sample (this would approximately equate to systolic blood pressure below 108mmHg for a 296 

12 year old boy or girl). Logistic regression analyses were performed to examine the strength of the 297 

association between low blood pressure and future depressive disorder using each of the cut offs 298 

identified in each sample (Table 2). 299 

Table 2 300 

   301 

1Adjusted for child weight at W1 302 

Association between low blood pressure and future depressive disorder in the EPAD and ALSPAC 303 

samples using the optimal cut off for low blood pressure identified in each sample using ROC curve 304 

analysis 305 

From these analyses it seems a cut off for low systolic blood pressure for children aged 12 years lies 306 

between 108 and 113mmHg. 307 

 

OR (95% CI)
1
 

Optimal cut off in EPAD 

sample (< .025) 

Optimal cut off in 

ALSPAC sample (< -.485) 

EPAD sample 3.13 (1.30, 7.53) 3.43 (1.45, 8.13) 

ALSPAC sample 3.00 (.93, 9.71) 3.62 (1.23, 10.65) 
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Lastly, supplementary analyses were performed to examine the association between blood pressure and 308 

future depression in the general population using the entire ALSPAC sample. 309 

Supplementary analyses using entire ALSPAC sample: 310 

1) Testing the relationship between depressive disorder and blood pressure in the general 311 

population (not limiting analysis to those adolescents with a parental history of recurrent 312 

depression)   313 

Descriptives 314 

Mean systolic and diastolic blood pressure in the sample at age 12 were 111.01 mmHg and 56.53 315 

mmHg and standard deviations were 9.54 and 7.88 respectively. There were no significant differences 316 

between males and females for systolic or diastolic blood pressure at age 12. Again, systolic blood 317 

pressure was standardised for age and gender to create standard deviation scores and all analyses for 318 

systolic blood pressure were run with the standardised variable. The association between blood 319 

pressure and weight at age 12 was significant for both systolic (r=.44, p<.001) and diastolic blood 320 

pressure (r=.19, p<.001), therefore all results are reported controlling for weight. 321 

Seventy five children (22 boys, 53 girls) in the sample reported a depressive disorder over the last 322 

month at age 15 (1.55%). 323 

Preliminary analyses 324 

Logistic regression analyses were performed to investigate the association between blood pressure and 325 

depressive disorder. Systolic blood pressure at age 12 did not significantly predict depressive disorder 326 

at age 15 (OR = .98, 95% CI .76 to 1.27; p=.875). Diastolic blood pressure at age 12 did not 327 

significantly predict depressive disorder at age 15 (OR = 1.01, 95% CI .98 to 1.04; p=.604).  328 

2) Examining whether a history of recurrent maternal depression moderated the 329 

relationship between systolic blood pressure and depression 330 

Logistic regression analyses were then performed to test if recurrent maternal depression moderated the 331 

relationship between systolic blood pressure and depressive disorder. The predictor variables, systolic 332 

blood pressure and maternal recurrent depression were centred to convert them to their deviation form 333 

to remove non-essential multicollinearity. The interaction was found to be significant (OR = .49, 95% 334 

CI .27 to .89; p=.019).  335 
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Systolic blood pressure was then categorised into ‘high’ and ‘low’ by splitting at the median, so that 336 

the interaction could be displayed graphically. As can be seen in Figure 4, when recurrent maternal 337 

depression was present, children with low blood pressure showed the highest percentage of depressive 338 

disorder.  However, when recurrent maternal depression was not present, children with high blood 339 

pressure showed the highest percentage of depressive disorder. 340 

Figure 4 341 

 342 

Figure to show percentage of children with depressive disorder at age 15 years within ‘high’ and ‘low’ 343 

systolic blood pressure groups at age 12 years by maternal depression status in the ALSPAC sample344 
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Discussion  345 

In this study we found that lower systolic blood pressure significantly predicted future new onset 346 

depressive disorder amongst a sample of children and adolescents at high risk of developing depression 347 

because of a parental history of recurrent depression. This finding was replicated in a large community 348 

based cohort study (ALSPAC) for children whose mothers reported a history of recurrent depression 349 

(replication sample).  When investigating this relationship in more detail, it seemed that those with the 350 

lowest systolic blood pressure were most at risk of developing a depressive disorder in the future. A cut 351 

off value for systolic blood pressure in 12 year old children was identified as being within the range of 352 

108 and 113mmHg. Finally when investigating this relationship in the entire population cohort 353 

(ALSPAC), the association between blood pressure and major depressive disorder was no longer 354 

significant. There was no evidence for an association in the opposite direction (depression predicting 355 

future blood pressure levels) either in the study sample or in the replication cohort nor was there an 356 

association between diastolic blood pressure and future depression in either dataset. 357 

In our study, whilst the average blood pressure in the offspring of parents with recurrent depressive 358 

disorder was slightly higher than population norms, it was those whose blood pressure was lower who 359 

were at most risk of developing depressive disorder. This was not true in adolescents from the general 360 

population.  There have been no previously published longitudinal studies examining the relationship 361 

between blood pressure and depression in children from the general population or children at high-risk 362 

of depression. In adults, findings have been mixed but links between low blood pressure and depression 363 

have been noted.  These have not only been noted cross-sectionally in adults,[19, 20] but a study on 364 

elderly patients reported a fall in systolic blood pressure predicted the onset of depression.[6] In 365 

adolescents who did not have a parent with recurrent depressive disorder, higher blood pressure 366 

showed some association with a higher risk of future depressive disorder.    Given the limited scientific 367 

literature on this topic the mechanisms by which low blood pressure might precede depression for 368 

adolescent offspring of individuals with recurrent depressive disorder are unclear and we can at present 369 

only speculate as to what these might be.  Possible mechanisms include  shared risks (genetic and/or 370 

environmental) that contribute to both lower blood pressure and depression that are especially enriched 371 

in those offspring most at risk of developing depressive disorder in the near future. Another possibility 372 

is that low blood pressure, in those who are familially/genetically vulnerable to depression, represents 373 

an early manifestation (possibly through autonomic system dysregulation) or prodromal phase of major 374 
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depressive disorder. There is strikingly limited research on biological links between early mental health 375 

problems and physical health as well as on autonomic system function in young people who are 376 

familially vulnerable to depression [21]. Our findings highlight the need for further research on links 377 

between mental and physical health in young people.   378 

Strengths and Limitations 379 

This is the first study we are aware of to report on the longitudinal relationship between blood pressure 380 

and depressive disorder in adolescents, an important period for the onset of depression.  In the main 381 

sample, children and adolescents were followed up at three points over a four year period with a high 382 

retention rate of over 80%.  A similar pattern of results was found in a large community based cohort 383 

study (ALSPAC) for those children of mothers with a history of recurrent depression. In both samples, 384 

diagnoses were systematically ascertained using interview and blood pressure readings were measured 385 

according to standardised protocol. In addition, potential confounders of the relationship were taken 386 

account of. There were also possible limitations of the study.  Blood pressures were measured using an 387 

electronic device which uses an oscillometric technique rather than the auscultatory technique that most 388 

population norms are based on and it has been noted that these readings are not equivalent. However 389 

there is a lack of consensus as to whether using different methods leads to any systematic bias and 390 

inaccuracies seem more related to not using a standardised technique rather than the instrument.[22] In 391 

addition, the cut off values identified in the high risk and replication samples differed slightly. This 392 

may have been because of differences in measurement techniques in the two studies. These results need 393 

to be replicated in other samples in order to establish more precise cut off for low systolic blood 394 

pressure. Despite being a high-risk sample, the number of children with depressive disorder was small 395 

and many of the sample had not been though the age of maximum risk for developing a depressive 396 

disorder so this could lead to an underestimate of the effects of risk factors. In addition, the number of 397 

children with depressive disorder was also low in the replication sample, partly because only a self-398 

report measure of depressive disorder was available at age 15, and partly because of selective attrition 399 

over time.  Previous studies have reported that although attrition has affected prevalence rates of 400 

depression in the mother and internalising disorders in the children, the associations between risks and 401 

outcomes remained intact, although conservative estimates of the likely true effects.[23, 24]  Lastly, the 402 

subsample of recurrently depressed mothers in the replication dataset is likely to index a less severe 403 
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group as maternal self-report of depression was used as opposed to defining episodes of depression 404 

using DSM-IV criteria as was done in the main dataset. 405 

In summary, in our study of adolescents at high risk of depression we found that low blood pressure 406 

was associated with major depressive disorder. This finding was replicated in an independent cohort.   407 

Future research is needed using different populations to confirm this relationship as it is a novel finding 408 

and to investigate the mechanisms by which the relationship between low blood pressure and 409 

depressive disorder in children at risk for depression may arise.  410 
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Title: Depression and blood pressure in high-risk children and adolescents: an investigation using two 1 

longitudinal cohorts.  2 

Abstract 3 

Objective – To examine the relationship between blood pressure and depressive disorder in children 4 

and adolescents at high-risk for depression. 5 

Design – Multi-sample longitudinal design including a prospective longitudinal 3-wave high-risk study 6 

of offspring of parents with recurrent depression and an on-going birth cohort for replication. 7 

Setting – Community based studies.  8 

Participants – High-risk sample includes 281 families where children were aged 9-17 years at baseline 9 

and 10-19 years at the final data point. Replication cohort includes 4830 families where children were 10 

aged 11-14 years at baseline and 14-17 years at follow up and a high-risk subsample of 612 offspring 11 

with mothers that had reported recurrent depression. 12 

Main outcome measures –New onset DSM-IV defined depressive disorder in the offspring using 13 

established research diagnostic assessments - the Child and Adolescent Psychiatric Assessment 14 

(CAPA) in the high risk sample and the Development and Wellbeing Assessment (DAWBA) in the 15 

replication sample. 16 

Results – Blood pressure was standardised for age and gender to create standard deviation scores and 17 

child’s weight was statistically controlled in all analyses.  In the high-risk sample, lower systolic blood 18 

pressure at wave 1 significantly predicted new onset depressive disorder in children (OR=.65, 95% CI 19 

.44 to .96; p=.029) but diastolic blood pressure did not. Depressive disorder at Wave 1 did not predict 20 

systolic blood pressure at Wave 3.  A significant association between lower systolic blood pressure and 21 

future depression was also found in the replication cohort in the second subset of high-risk children 22 

whose mothers had experienced recurrent depression in the past.  23 

Conclusion – Lower systolic blood pressure predicts new onset depressive disorder in the offspring of 24 

parents with depression. Further studies are needed to investigate how this association arises.  25 

Key words 26 

Depression; Blood Pressure; ALSPAC; Adolescent; Cohort Studies27 
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28 

Article focus: 

• To examine the relationship between blood pressure and future depressive disorder 

in adolescents at high-risk for depression. 

Key messages  

• Low systolic blood pressure predicts future depressive disorder in adolescent 

offspring of parents with recurrent depression. 

 

Strength and Limitations 

• Replication of findings in two independent cohort studies, one a high risk sample 

and one a population based cohort. 

• Mechanism by which low blood pressure is linked to depression risk needs further 

investigation. 
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Introduction 29 

The two leading causes of death and disability in the developed world are depression and 30 

cardiovascular disease. The association between depression and cardiovascular disease is well 31 

established in adults,[1] although the mechanisms by which it arises are still not clear. It has been 32 

suggested that these links reflect early associations between depression and cardiovascular risk factors. 33 

High blood pressure is an important cardiovascular risk factor and it has also been linked to depression 34 

in adults in some studies.[2] Other studies, however, have found the converse. They suggest that 35 

depression is associated with low blood pressure and that it is only depression treated with certain 36 

antidepressants which is associated with high blood pressure.[3] To guide the study of mechanisms by 37 

which the links between cardiovascular risk factors, notably blood pressure and depression may arise, it 38 

is important to first ascertain the direction of effects. In the few longitudinal studies in this area, the 39 

findings are inconsistent, with some studies finding depression as a predictor of either high blood 40 

pressure,[4] or low blood pressure,[5]
 
whilst others have found the converse, with low blood pressure 41 

predicting depression.[6] 42 

 43 

Although both depression and the early indicators of cardiovascular disease have been found to have 44 

onset in childhood and adolescence,[7, 8] very few studies have focused on these links in younger 45 

populations. In this study, the main aim was to investigate the relationship between blood pressure and 46 

subsequent first onset episode of depression in a prospective cohort of children and adolescents at high 47 

risk of depression. The secondary aim was to replicate findings in an independent cohort.   48 

49 
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Method  50 

Data were derived from a prospective longitudinal study of offspring of parents with recurrent 51 

depression–‘The Early Prediction of Adolescent Depression (EPAD) study’. At baseline, the sample 52 

included 337 families (315 mothers and 22 fathers) that were recruited from general practices across 53 

South Wales, by writing to eligible families, and from a database of adults with previously identified 54 

unipolar depression. A sample size of 300 families was calculated to provide sufficient power to test 55 

the main hypotheses of the original project whilst allowing detailed assessments at each time point.  56 

Recurrent depression is defined as the presence of least two episodes of DSM-IV major depressive 57 

disorder. Diagnosis in the index parent was confirmed at baseline using a research diagnostic interview 58 

that is widely used to assess adult psychiatric disorder, the SCAN (Schedules for Clinical Assessment 59 

in Neuropsychiatry).  This was undertaken by researchers who were trained and supervised by an 60 

experienced academic clinician. The youngest child within the age range of 9 to 17 years was selected 61 

for inclusion (197 girls and 140 boys, mean age = 12.4 years).  All children were biologically related to 62 

and currently living with the affected parent.  Additional exclusion criteria included children with 63 

moderate-severe intellectual disability (IQ<50) and parents with bipolar disorder, mania/hypomania or 64 

psychosis at time of interview. Two families were consequently excluded from waves 2 and 3 of the 65 

study because the depressed parent had been diagnosed as suffering from bipolar disorder since the 66 

wave 1 assessment. Symptoms of psychiatric disorder in parents and offspring were separately assessed 67 

using age-appropriate standard research diagnostic interviews independently by two trained research 68 

psychologists on three occasions over the course of the study which began in April 2007 and finished 69 

in April 2011. The average time between the baseline and second assessment was 16.2 months and 70 

between the second and third assessment was 12.5 months. Further details on the sample characteristics 71 

and methodology have been described previously.[9] 72 

For the main analyses, 30 families were excluded because they had not completed at least two waves of 73 

data. A further 10 children were excluded from main analyses because they already met criteria for  74 

DSM-IV major depressive disorder at baseline and thus the blood pressure assessment did not precede 75 

onset.  Lastly 14 children were excluded because a measure of blood pressure and/or weight had not 76 

been completed at baseline either because there had been a fault in the equipment or the child had 77 

refused. This resulted in a final sample of 281 families (see Figure 1 for more details). Psychiatric data 78 

were collected from parents and children via semi-structured research diagnostic interviews and blood 79 
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pressure and weight were assessed by the interviewer. Additional data on physical health problems, 80 

maternal education and social class were collected from parents and children from self-completed 81 

questionnaires that were mailed to the families two weeks before their interview. Ethical approval for 82 

the study was obtained from the Multi-centre Research Ethics Committee for Wales. 83 

84 
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Figure 1 85 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flow chart of retention at each assessment in the EPAD sample   

 
Baseline eligible sample = 

337 families 

 
335 eligible families 

Exclusions 

2 families withdraw due to 

bipolar diagnosis in affected 

parent 

Data on W1 DSM Major 

Depressive Disorder: 

 335 children (100%) 

Data on W2 DSM Major 

Depressive Disorder: 

 287 children (86%) 

Data on W3 DSM Major 

Depressive Disorder: 

283 children (84%) 

Data on DSM Major 

Depressive Disorder from at 

least 2 waves:  

305 children (91%) 

Data on all variables of 

interest in main analyses: 

 281 children (84%) 

 

10 children excluded due to 

presence of W1 DSM Major 

Depressive Disorder 

Data on New Onset 

Depressive disorder at W2 

or W3: 

295 children (88%) 

 

12 children missing 

data on blood 

pressure at W1 

2 additional children 

missing data on 

weight at W1 

 

47 families not completed 

interview 

1 interview too much 

missing data to make 

diagnosis 

 

52 families not 

completed 

interview 
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Data were also utilised from a birth cohort study ‘The Avon Longitudinal Study of Parents and 86 

Children (ALSPAC)’ to allow replication of findings from the first high-risk sample.  The cohort was 87 

set up to examine genetic and environmental determinants of health and development.[10] The initial 88 

cohort consisted of 14,062 children born to residents of the Bristol area, UK, who had an expected date 89 

of delivery between 1
st
 April 1991 and 31

st
 December 1992 (www.alspac.bris.ac.uk). All pregnant 90 

women resident in three health districts in the old administrative county of Avon who had an estimated 91 

delivery between the above dates were eligible to participate. In addition, pregnant women that had 92 

migrated into the catchment area before the point of delivery were eligible. Recruitment was carried 93 

out by attempting to make contact with eligible women through ALSPAC staff visiting community 94 

locations and through using antenatal and maternity health services and media information to 95 

encourage contact and promote the study.[10] The parents completed regular postal questionnaires 96 

concerning their child’s health and development since birth. The children have completed 97 

questionnaires and attended annual assessment clinics since age 7 years. For analyses using the whole 98 

sample, 4830 children had data on both blood pressure and weight at age 12 years (2515 females and 99 

2315 males; age range: 11-14 years; mean age = 12.8 years) and depression at age 15 years (age range: 100 

14-17 years; mean age = 15.4 years). Main replication analyses focused on the sub-sample of children 101 

whose mothers had experienced recurrent depression (at least two episodes); 612 children were 102 

included in these analyses (347 females and 265 males). Ethical approval for the study was obtained 103 

from the ALSPAC Ethics and Law committee and the Local Research Ethics Committees.  104 

Measures 105 

EPAD study: 106 

Assessment of depression in the offspring of parents with recurrent depression  107 

The Child and Adolescent Psychiatric Assessment (CAPA) is a semi-structured research diagnostic 108 

interview that has high reliability and that is used to assess children's psychiatric symptoms [11]. 109 

Parents are asked about their children's psychopathology and children are independently interviewed 110 

using the interview schedules (parent and child versions).  The presence of any given symptom has to 111 

be rigorously assessed and only endorsed by the interviewer when it achieves the CAPA defined 112 

symptom threshold. Interviewers were trained by the team that developed the CAPA and all interviews 113 

were recorded. Interview fidelity was checked through inter-rater reliability checks of 20 randomly 114 
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selected recordings at each time point (10 parent report and 10 child report) and through weekly 115 

supervision by an academic clinician with extensive experience in using the interview. Average 116 

agreement between raters for DSM-IV psychiatric disorder was excellent (κ =0.92), as was average 117 

agreement for depression symptoms (κ =0.93). CAPA was used at each assessment and assesses the 118 

presence of a major depressive disorder in the child over the preceding three months. The parent and 119 

child versions were completed independently, with interviews conducted in separate rooms where 120 

possible and in 99 percent of cases, by separate researchers. Child diagnoses were generated using 121 

DSM-IV criteria, based on CAPA symptoms.  The presence of a diagnosis was endorsed if either 122 

parent (reporting on the child) or child reported it as being present. Fidelity of the diagnostic algorithms 123 

was further checked as all those meeting diagnostic criteria and subthreshold cases were reviewed 124 

weekly by two senior clinical and academic child and adolescent psychiatrists.  The total number of 125 

DSM-IV major depressive disorder symptoms was also computed from the CAPA. 126 

New onset major depressive disorder - The presence of a new onset DSM-IV diagnosis of major 127 

depressive disorder at either the second or third assessment was defined by excluding children that had 128 

a baseline diagnosis of DSM-IV major depressive disorder.  129 

Blood pressure –An Omron 705IT sphygmomanometer was used to measure blood pressure at each 130 

assessment whilst the child was in a seated position with their arm resting on a flat surface.  A standard 131 

cuff was used to measure blood pressure in children aged 11 years and over and a small adult cuff was 132 

used for children under 11 years, unless overweight.  Systolic and diastolic blood pressures were 133 

measured using standardised guidelines set out by the American Heart association.[12] At least two 134 

readings were taken at least one minute apart using the right arm.  When the difference between two 135 

readings was 5mmHg or less an average was taken.  136 

Weight and other potential confounders – Weight was considered to be a confounder of the relationship 137 

between blood pressure and depression due to its potential association with both.[13, 14] Interviewers 138 

measured the weight of the children without shoes to the nearest 0.1 kg using Seca scales. We also 139 

examined whether the results were affected by the presence of physical health problems (parent 140 

reported), any medication use (child or parent reported) and using body mass index (BMI) instead of 141 

weight. 142 
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Demographics – The mother and father questionnaires completed at baseline were used to assess 143 

maternal education and highest parental social class. Maternal education was categorised according to 144 

whether the mother had completed higher education (A-Levels, degree or postgraduate qualification). 145 

Parental social class was categorised according to whether either parent reported having a non-manual 146 

occupation. 147 

ALSPAC: 148 

Maternal history of recurrent depression – Mothers completed regular questionnaires from pregnancy 149 

to when the child was aged 12 years including the questions ‘Have you had depression in the last year/ 150 

last two years/ since your child was born/ever’. The mother was also asked ‘Have you ever had severe 151 

depression’ on three occasions over this time period. Research diagnostic interview generated 152 

psychiatric data on parents are not available in ALSPAC. Recurrent depression in the replication data 153 

set thus had to be defined where mother had reported having depression on at least two separate 154 

occasions, and if at least one of these occasions was reported as being severe. These criteria were used 155 

to create a subsample that was as similar as possible to the primary high-risk sample. 156 

Child depressive disorder – Parent reports on their child's symptoms were obtained using a structured 157 

diagnostic schedule (the Development and Wellbeing Assessment; DAWBA [15]) that, like the CAPA, 158 

has been used widely for large scale population studies. The parent-rated DAWBA was completed 159 

when the target age of the children was 13 years. Children were directly interviewed using the 160 

DAWBA at age 15 years. The DAWBA assesses the presence of a depressive disorder over the 161 

preceding month. DSM-IV diagnoses of depression were generated at each time point using a well-162 

defined computerised algorithm that predicts the likelihood of a clinical rater assigning each child a 163 

DSM-IV diagnosis of depression and generates diagnoses (see www.DAWBA.com for more 164 

information). A senior clinical psychiatrist reviewed the diagnoses and the DAWBA responses as part 165 

of the ALSPAC data collection process. [16] 166 

Blood pressure – Systolic and diastolic blood pressure were measured at the clinic assessments when 167 

the target ages of the children were 12 years and 15 years.  Blood pressure was measured twice at each 168 

assessment with a Dinamap 9301 Vital Signs Monitor and a mean of both readings was taken. 169 
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Weight and other potential confounders – Interviewers measured the weight and height of the children 170 

in light clothing and without shoes at the clinic assessments when the target age of the children was 12 171 

years. Weight was measured to the nearest 0.1 kg using Tanita scales (Tanita; Illinois, USA) and height 172 

was measured to the nearest 0.1 cm using a Harpenden stadiometer (Tarti; Turkey). BMI was then 173 

calculated (kg/m²). Maternal systolic blood pressure at 8 weeks gestation was abstracted from antenatal 174 

medical records.  175 

Demographics – The mother and father questionnaires completed during pregnancy were used to assess 176 

maternal education and highest parental social class. Maternal education was categorised according to 177 

whether the mother had completed higher education (A-Levels or degree). Parental social class was 178 

categorised according to whether either parent reported having a non-manual occupation. 179 

Statistical methods 180 

Each set of analyses were conducted in two steps. First, descriptive statistics were examined in the 181 

high-risk sample and then in the replication cohort using the subsample of children with mothers that 182 

have experienced recurrent depression in the past. Next, regression analyses were performed to 183 

examine the association between blood pressure and depression in the high-risk sample and then in the 184 

subsample from the replication cohort. Logistic regression analyses were used when the dependent 185 

variable was dichotomous and ordinary least squares linear regression analysis was used when the 186 

dependent variable was continuous.  Continuous outcome data that were not normally distributed were 187 

transformed prior to analysis using a natural log transformation.  Next, the linearity of the relationship 188 

between systolic blood pressure and future depressive disorder was examined by investigating the 189 

percentage of children with future depressive disorder by blood pressure quintiles, again in both 190 

samples. Next, receiver operating characteristic (ROC) analysis was performed to establish a cut off for 191 

blood pressure in both samples that showed adequate sensitivity and specificity for detecting future 192 

depressive disorder. Lastly, the association between systolic blood pressure and future depressive 193 

disorder was investigated in the general population by using the entire ALSPAC sample and the 194 

presence of a multiplicative interaction between maternal depression and systolic blood pressure on 195 

future depressive disorder was examined. Listwise deletion was used to deal with missing data in all 196 

analyses and data were analysed using SPSS (v20).197 
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Results 198 

Demographic comparability of the EPAD high-risk sample (offspring of parents with recurrent 199 

depression), the ALSPAC replication subsample of children with mothers that have experienced 200 

recurrent depression and the whole ALSPAC sample  201 

Table 1 shows that the three samples are comparable on a range of demographics (child age, gender, 202 

maternal education and parental social class).  203 

Table 1 204 

 
EPAD        

(n=281) 

ALSPAC     

(subsample of  offspring 

of  recurrently 

depressed mothers; 

n=612) 

ALSPAC            

(whole sample; 

n=4830) 

Child age: mean (sd) 12.4 (2.0) 12.8 (0.2) 12.8 (0.2) 

Child gender (% female) 58.4 56.7 52.1 

Maternal education (% higher education) 51.9 44.3 47.2 

Parental social class (% non-manual) 74.0 84.1 87.7 

Demographics at baseline in the EPAD sample, ALSPAC subsample of offspring of recurrently 205 

depressed mothers and the whole ALSPAC sample 206 

Descriptives from EPAD high-risk sample 207 

Mean systolic and diastolic blood pressure in the EPAD sample at baseline were 117.26 mmHg and 208 

70.88 mmHg and standard deviations were 13.18 and 11.39 respectively. There were no significant 209 

differences between males and females for systolic or diastolic blood pressure at baseline. Systolic 210 

blood pressure at baseline was significantly correlated with age (r=.23, p<.001), but diastolic blood 211 

pressure was not (r=.02, p=.728).  Systolic blood pressure was thus standardised for age and gender to 212 

create standard deviation scores and all analyses for systolic blood pressure were run with the 213 

standardised variable.[17] Mean blood pressures for each age group in this sample were generally 214 

higher than population norms.[17,18]  Systolic blood pressure at baseline was significantly associated 215 

with weight (r=.25, p<.001), but diastolic blood pressure was not (r=.07, p=.236).  Given this finding 216 

all analyses with systolic blood pressure are reported controlling for weight. 217 
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Twenty-four children (5 boys, 19 girls) in the sample developed a new onset depressive disorder 218 

(8.54%). 219 

Descriptives from ALSPAC dataset – using the subsample of children with mothers that have 220 

experienced recurrent depression in the past 221 

Mean systolic and diastolic blood pressure in this sample at age 12 years were 111.10 mmHg and 56.61 222 

mmHg and standard deviations were 9.44 and 8.16 respectively. There were no significant differences 223 

between males and females for systolic or diastolic blood pressure at age 12. Again, systolic blood 224 

pressure was standardised for age and gender to create standard deviation scores and all analyses for 225 

systolic blood pressure were run with the standardised variable. The association between blood 226 

pressure and weight at age 12 was significant for both systolic (r=.45, p<.001) and diastolic blood 227 

pressure (r=.18, p<.001), therefore all results are reported controlling for weight. 228 

Eighteen children (5 boys, 13 girls) in the sample reported a depressive disorder over the last month at 229 

age 15 (2.94%). 230 

Initial analyses in EPAD high-risk sample 231 

Logistic regression analyses were performed to investigate the association between blood pressure and 232 

new onset depressive disorder in the EPAD sample of children. It was found that as systolic blood 233 

pressure increased, risk for new onset depressive disorder decreased, when adjusting for child’s weight 234 

at baseline (OR = .65, 95% CI .44 to .96; p=.029), i.e. lower systolic blood pressure at baseline 235 

significantly predicted new onset depressive disorder. Diastolic blood pressure at baseline did not 236 

significantly predict new onset depressive disorder (OR = .97, 95% CI .92 to 1.01; p=.120).  237 

Results remained the same when the outcome was expanded to include the new onset of more broadly 238 

defined mood-related diagnoses (primary diagnosis: major depressive disorder n=22, dysthymia n=1, 239 

cyclothymia n=1, bipolar disorder n=3, adjustment disorder with depressed mood n=4 and depressive 240 

disorder not otherwise specified n=5).  Results also remained similar when separately adjusting for 241 

medication use and physical health problems in the child and when adjusting for BMI instead of 242 

weight. The association was not significantly moderated by gender (p=.769). 243 

Given few adolescents developed new onset depressive disorder, the analysis was repeated using total 244 

depression symptom scores at wave 3 as the outcome.  Linear regression analysis with systolic blood 245 
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pressure at baseline as a predictor and depression symptoms at the wave 3 assessment as the outcome, 246 

and again controlling for weight, showed significant association (β = -.13; p=.040). 247 

To examine whether depressive disorder was a predictor of blood pressure, a linear regression analysis 248 

was performed with a diagnosis of depressive disorder at baseline as a predictor and systolic blood 249 

pressure at the wave 3 assessment as the outcome, again controlling for child’s weight at baseline.  This 250 

was non-significant (β = -.05; p =.412).  Given the low number of individuals with depressive disorder 251 

at baseline the analysis was repeated using total depression symptoms at baseline as a predictor. Again 252 

the results were non-significant (β = -.07; p = .286).  253 

Replication in ALSPAC dataset – using the subsample of children with mothers that have 254 

experienced recurrent depression in the past 255 

Logistic regression analyses were undertaken in the replication sample. Again, it was found that as 256 

systolic blood pressure increased, risk for future depressive disorder decreased, when adjusting for 257 

child’s weight at baseline (OR = .48, 95% CI .27 to .85; p=.012), i.e. lower systolic blood pressure at 258 

age 12 significantly predicted depressive disorder at age 15.  Diastolic blood pressure at age 12 years 259 

did not significantly predict depressive disorder at age 15 (OR = .98, 95% CI .93 to 1.05; p=.597). 260 

Results remained similar when adjusting for BMI instead of weight and when additionally adjusting for 261 

maternal systolic blood pressure in pregnancy. The association was not significantly moderated by 262 

gender (p=.102). 263 

To examine whether depressive disorder was a predictor of blood pressure, a linear regression analyses 264 

was performed with a diagnosis of depressive disorder at age 13 as a predictor and systolic blood 265 

pressure at age 15 as the outcome, again controlling for child’s weight.  This was non-significant (β = -266 

.04; p = .378).   267 

Relationship between blood pressure and depressive disorder in high-risk EPAD sample 268 

To further investigate the relationship between systolic blood pressure and depressive disorder in the 269 

EPAD sample, blood pressure was split into quintiles to examine the percentage of children with new 270 

onset depressive disorder by blood pressure categories and the linearity of the relationship. As can be 271 

seen in Figure 2, there is a lower risk of depressive disorder with higher levels of blood pressure, with 272 
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the lowest quintile of systolic blood pressure having the highest percentage of depressive disorder 273 

cases. 274 

Figure 2 275 

 276 

Figure to show percentage of children with new onset depressive disorder at follow-up by quintiles of 277 

systolic blood pressure at baseline in the EPAD sample  278 

Replication in ALSPAC dataset – using the subsample of children with mothers that have 279 

experienced recurrent depression in the past 280 

To further investigate the relationship between systolic blood pressure and depression in the replication 281 

sample, blood pressure was split into quintiles to examine the percentage of children with depression at 282 

age 15 by blood pressure categories and the linearity of the relationship.   283 

As can be seen in Figure 3, there is a lower risk of depressive disorder with higher levels of blood 284 

pressure, with the lowest quintile of systolic blood pressure having the highest percentage of depressive 285 

disorder cases.  286 

Figure 3 287 
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Figure to show percentage of children with depressive disorder at age 15 years by quintiles of systolic 289 

blood pressure at age 12 years in the ALSPAC sample  290 

Analyses so far have highlighted a significant association between lower systolic blood pressure and 291 

future depression in two different samples of offspring of parents with recurrent depression. Next, ROC 292 

analysis was performed to establish a cut off for blood pressure in both samples that maximised both 293 

sensitivity and specificity for detection of future depressive disorder. A cut off point of below 0.025 294 

standard deviations above the mean using standardised systolic blood pressure [17] showed a 295 

sensitivity of 63% and a specificity of 66% for the high risk EPAD sample (this would approximately 296 

equate to systolic blood pressure below 112mmHg for a 12 year old boy and below 113mmHg for a 12 297 

year old girl). A cut off point of below 0.485 standard deviations below the mean using standardised 298 

systolic blood pressure [17]  showed a sensitivity of 61% and a specificity of 61% for the ALSPAC 299 

replication sample (this would approximately equate to systolic blood pressure below 108mmHg for a 300 

12 year old boy or girl). Logistic regression analyses were performed to examine the strength of the 301 

association between low blood pressure and future depressive disorder using each of the cut offs 302 

identified in each sample (Table 2). 303 

Table 2 304 

   305 

1Adjusted for child weight at W1 306 

Association between low blood pressure and future depressive disorder in the EPAD and ALSPAC 307 

samples using the optimal cut off for low blood pressure identified in each sample using ROC curve 308 

analysis 309 

From these analyses it seems a cut off for low systolic blood pressure for children aged 12 years lies 310 

between 108 and 113mmHg. 311 

 

OR (95% CI)
1
 

Optimal cut off in EPAD 

sample (< .025) 

Optimal cut off in 

ALSPAC sample (< -.485) 

EPAD sample 3.13 (1.30, 7.53) 3.43 (1.45, 8.13) 

ALSPAC sample 3.00 (.93, 9.71) 3.62 (1.23, 10.65) 
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Lastly, supplementary analyses were performed to examine the association between blood pressure and 312 

future depression in the general population using the entire ALSPAC sample. 313 

Supplementary analyses using entire ALSPAC sample: 314 

1) Testing the relationship between depressive disorder and blood pressure in the general 315 

population (not limiting analysis to those adolescents with a parental history of recurrent 316 

depression)   317 

Descriptives 318 

Mean systolic and diastolic blood pressure in the sample at age 12 were 111.01 mmHg and 56.53 319 

mmHg and standard deviations were 9.54 and 7.88 respectively. There were no significant differences 320 

between males and females for systolic or diastolic blood pressure at age 12. Again, systolic blood 321 

pressure was standardised for age and gender to create standard deviation scores and all analyses for 322 

systolic blood pressure were run with the standardised variable. The association between blood 323 

pressure and weight at age 12 was significant for both systolic (r=.44, p<.001) and diastolic blood 324 

pressure (r=.19, p<.001), therefore all results are reported controlling for weight. 325 

Seventy five children (22 boys, 53 girls) in the sample reported a depressive disorder over the last 326 

month at age 15 (1.55%). 327 

Preliminary analyses 328 

Logistic regression analyses were performed to investigate the association between blood pressure and 329 

depressive disorder. Systolic blood pressure at age 12 did not significantly predict depressive disorder 330 

at age 15 (OR = .98, 95% CI .76 to 1.27; p=.875). Diastolic blood pressure at age 12 did not 331 

significantly predict depressive disorder at age 15 (OR = 1.01, 95% CI .98 to 1.04; p=.604).  332 

2) Examining whether a history of recurrent maternal depression moderated the 333 

relationship between systolic blood pressure and depression 334 

Logistic regression analyses were then performed to test if recurrent maternal depression moderated the 335 

relationship between systolic blood pressure and depressive disorder. The predictor variables, systolic 336 

blood pressure and maternal recurrent depression were centred to convert them to their deviation form 337 

to remove non-essential multicollinearity. The interaction was found to be significant (OR = .49, 95% 338 

CI .27 to .89; p=.019).  339 
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Systolic blood pressure was then categorised into ‘high’ and ‘low’ by splitting at the median, so that 340 

the interaction could be displayed graphically. As can be seen in Figure 4, when recurrent maternal 341 

depression was present, children with low blood pressure showed the highest percentage of depressive 342 

disorder.  However, when recurrent maternal depression was not present, children with high blood 343 

pressure showed the highest percentage of depressive disorder. 344 

Figure 4 345 

 346 

Figure to show percentage of children with depressive disorder at age 15 years within ‘high’ and ‘low’ 347 

systolic blood pressure groups at age 12 years by maternal depression status in the ALSPAC sample348 
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Discussion  349 

In this study we found that lower systolic blood pressure significantly predicted future new onset 350 

depressive disorder amongst a sample of children and adolescents at high risk of developing depression 351 

because of a parental history of recurrent depression. This finding was replicated in a large community 352 

based cohort study (ALSPAC) for children whose mothers reported a history of recurrent depression 353 

(replication sample).  When investigating this relationship in more detail, it seemed that those with the 354 

lowest systolic blood pressure were most at risk of developing a depressive disorder in the future. A cut 355 

off value for systolic blood pressure in 12 year old children was identified as being within the range of 356 

108 and 113mmHg. Finally when investigating this relationship in the entire population cohort 357 

(ALSPAC), the association between blood pressure and major depressive disorder was no longer 358 

significant. There was no evidence for an association in the opposite direction (depression predicting 359 

future blood pressure levels) either in the study sample or in the replication cohort nor was there an 360 

association between diastolic blood pressure and future depression in either dataset. 361 

In our study, whilst the average blood pressure in the offspring of parents with recurrent depressive 362 

disorder was slightly higher than population norms, it was those whose blood pressure was lower who 363 

were at most risk of developing depressive disorder. This was not true in adolescents from the general 364 

population.  In adolescents from the general population who did not have a parent with recurrent 365 

depressive disorder, higher blood pressure showed some association with a higher risk of future 366 

depressive disorder.  There have been no previously published longitudinal studies examining the 367 

relationship between blood pressure and depression in children from the general population or children 368 

at high-risk of depression. In adults a “vascular depression” hypothesis has been proposed to explain 369 

links between elevated blood pressure and depression [19] but some adult studies have found cross-370 

sectional links between low blood pressure and depression.[20, 21] In addition, a study on elderly 371 

patients reported a fall in systolic blood pressure predicted the onset of depression.[6] The aim in our 372 

study was however to look at links between blood pressure and depression prior to the usual age of 373 

onset of hypertensive disease to examine developmental changes. Given the limited scientific literature 374 

on this topic, the mechanisms by which low blood pressure might precede depression for adolescent 375 

offspring of individuals with recurrent depressive disorder are unclear and we can at present only 376 

speculate as to what these might be.  Possible mechanisms include  shared risks (genetic and/or 377 

environmental) that contribute to both lower blood pressure and depression that are especially enriched 378 
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in those offspring most at risk of developing depressive disorder in the near future. Another possibility 379 

is that low blood pressure, in those who are familially/genetically vulnerable to depression, represents 380 

an early manifestation (possibly through autonomic system dysregulation) or prodromal phase of major 381 

depressive disorder. There is strikingly limited research on biological links between early mental health 382 

problems and physical health as well as on autonomic system function in young people who are 383 

familially vulnerable to depression [22]. Our findings highlight the need for further research on links 384 

between mental and physical health in young people.   385 

Strengths and Limitations 386 

This is the first study we are aware of to report on the longitudinal relationship between blood pressure 387 

and depressive disorder in adolescents, an important period for the onset of depression.  In the main 388 

sample, children and adolescents were followed up at three points over a four year period with a high 389 

retention rate of over 80%.  A similar pattern of results was found in a large community based cohort 390 

study (ALSPAC) for those children of mothers with a history of recurrent depression. In both samples, 391 

diagnoses were systematically ascertained using interview and blood pressure readings were measured 392 

according to standardised protocol. In addition, potential confounders of the relationship were taken 393 

account of. There were also possible limitations of the study.  Blood pressures were measured using an 394 

electronic device which uses an oscillometric technique rather than the auscultatory technique that most 395 

population norms are based on and it has been noted that these readings are not equivalent. However 396 

there is a lack of consensus as to whether using different methods leads to any systematic bias and 397 

inaccuracies seem more related to not using a standardised technique rather than the instrument.[23] In 398 

addition, the cut off values identified in the high risk and replication samples differed slightly. This 399 

may have been because of differences in measurement techniques in the two studies. These results need 400 

to be replicated in other samples in order to establish more precise cut off for low systolic blood 401 

pressure.  There was also relatively a high false positive rate for the cut offs identified in both the high 402 

risk and the replication sample (34% and 39% respectively). However the aim of this analysis was not 403 

to develop a screening tool for depression but to use ROC curve analysis as a method to maximise both 404 

sensitivity and specificity in determining the optimal cut off value for low blood pressure. Moreover 405 

some of the individuals labelled as “false positives” will have sub-threshold depression which has been 406 

found to be associated with impairment, and to predict escalation to future disorder;[24, 25]. Despite 407 
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being a high-risk sample, the number of children with depressive disorder was small and many of the 408 

sample had not been though the age of maximum risk for developing a depressive disorder so this 409 

could lead to an underestimate of the effects of risk factors. In addition, the number of children with 410 

depressive disorder was also low in the replication sample, partly because only a self-report measure of 411 

depressive disorder was available at age 15, and partly because of selective attrition over time.  412 

Previous studies have reported that although attrition has affected prevalence rates of depression in the 413 

mother and internalising disorders in the children, the associations between risks and outcomes 414 

remained intact, although conservative estimates of the likely true effects.[26, 27]  Lastly, the 415 

subsample of recurrently depressed mothers in the replication dataset is likely to index a less severe 416 

group as maternal self-report of depression was used as opposed to defining episodes of depression 417 

using DSM-IV criteria as was done in the main dataset. 418 

In summary, in our study of adolescents at high risk of depression we found that low blood pressure 419 

was associated with major depressive disorder. This finding was replicated in an independent cohort.   420 

Future research is needed using different populations to confirm this relationship as it is a novel finding 421 

and to investigate the mechanisms by which the relationship between low blood pressure and 422 

depressive disorder in children at risk for depression may arise.423 

Page 20 of 50

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

21 

 

Acknowledgments 424 

Funding support: British Medical Association (Strutt and Harper) Grant, the Sir Jules Thorn Charitable 425 

Trust and the National Institute for Social Care and Health Research Academic Health Science 426 

Collaboration (AHSC) fellowship.  427 

We are extremely grateful to all the families who took part in the EPAD study, the GP surgeries for 428 

their help with recruiting them and the whole EPAD team. We thank the other investigators involved in 429 

the original EPAD study, Dr. Robert Potter, Dr. Stephan Collishaw, Dr. Daniel Smith, Prof. Michael 430 

Owen, Dr. Frances Rice and Prof. Nick Craddock.  In addition, we are also extremely grateful to all the 431 

families who took part in the ALSPAC study, the midwives for their help with recruiting them, and the 432 

whole ALSPAC team, which includes interviewers, computer and laboratory technicians, clerical 433 

workers, research scientists, volunteers, managers, receptionists and nurses. The UK Medical Research 434 

Council and the Wellcome Trust (Grant ref: 092731) and the University of Bristol provide core support 435 

for ALSPAC. This publication is the work of the authors and Gemma Hammerton, Ajay Thapar, 436 

Gordon Harold and Anita Thapar will serve as guarantors for the contents of this paper. This research 437 

was specifically funded by the British Medical Association (Strutt and Harper Grant) and the Sir Jules 438 

Thorn Charitable Trust. 439 

Conflict of interest 440 

None of the authors have conflict of interest/financial disclosures. 441 

Role of funding source 442 

Initial funding for this study was provided by the British Medical Association (Strutt and Harper) Grant 443 

and the Sir Jules Thorn Charitable Trust. The National Institute for Social Care and Health Research 444 

Academic Health Science Collaboration (AHSC) fellowship provided funding for one of the authors 445 

(AKT). The funders had no further role in the study design, the collection, analysis and interpretation 446 

of data, the writing of the report, or in the decision to submit the paper for publication.447 

Page 21 of 50

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

22 

 

References 448 

1 
Evans DL, Charney DS, Lewis L, et al. Mood disorders in the medically ill: scientific review and 449 

recommendations. Biol Psychiatry 2005;58(3):175-89. 450 

2 
 Davidson K, Jonas BS, Dixon KE, et al. Do depression symptoms predict early hypertension 451 

incidence in young adults in the CARDIA study?  Coronary Artery Risk Development in 452 

Young Adults. Arch Intern Med 2000;160(10):1495-500.
 453 

3 
Licht CM, de Gaus EJC, Seldenrijk A, et al. Depression is associated with decreased blood pressure, 454 

but antidepressant use increases the risk for hypertension. Hypertension 2009;53(4):631-8.
 455 

4
 Patten SB, Williams JV, Lavorato DH, et al. Major depression     as a risk factor for high blood 456 

pressure: epidemiologic evidence from a national longitudinal study.  Psychosom Med.  457 

2009;71(3):273-9. 458 

5 
Hildrum B, Romild U, Holmen J. Anxiety and depression lowers blood pressure: 22-year follow-up of 459 

the population based HUNT study, Norway. Bmc Public Health 2011;11. 460 

6 
Paterniti S, Verdier-Taillefer MH, Geneste C, et al. Low blood pressure and risk of depression in the 461 

elderly - A prospective community-based study. British Journal of Psychiatry 2000;176:464-462 

67. 463 

7 
Doris A, Ebmeier K, Shajahan P. Depressive illness. Lancet 1999;354(9187):1369-75. 464 

8 
Berenson GS. Cardiovascular risk begins in childhood: a time for action. Am J Prev Med 2009;37(1 465 

Suppl):S1-2. 466 

9 
Mars B, Collishaw S, Smith D, et al. Offspring of parents with recurrent depression: Which features 467 

of parent depression index risk for offspring psychopathology? J Affect Disord 2012;136(1-468 

2):44-53 469 

10 
Boyd A, Golding J, Macleod J, Lawlor DA, Fraser A, Henderson J, et al. Cohort Profile: The 470 

‘Children of the 90s’--the index offspring of the Avon Longitudinal Study of Parents and 471 

Children. Int J Epidemiol 2012;42(1):111-27 472 

11 
Angold A, Costello EJ. The Child and Adolescent Psychiatric Assessment (CAPA). J Am Acad Child 473 

Adolesc Psychiatry 2000;39(1):39-48. 474 

12 
Smith L. New AHA recommendations for blood pressure measurement. American Family Physician 475 

2005;72(7):1391-+. 476 

Page 22 of 50

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

23 

 

13
Anderson SE, Cohen P, Naumova EN, et al. Adolescent obesity and risk for subsequent major 477 

depressive disorder and anxiety disorder: prospective evidence. Psychosom Med 478 

2007;69(8):740-7. 479 

14 
Bekkers MB, Brunekreef B, Koppelman GH, et al. BMI and Waist Circumference; Cross-Sectional 480 

and Prospective Associations with Blood Pressure and Cholesterol in 12-Year-Olds. PLoS 481 

One 2012;7(12):e51801. 482 

15 
Goodman R, Ford T, Richards H, et al. The Development and Well-Being Assessment: Description 483 

and initial validation of an integrated assessment of child and adolescent psychopathology. 484 

Journal of Child Psychology and Psychiatry 2000;41:645-55. 485 

16 
Goodman A,  Heiervang E, Collishaw S, et al. The 'DAWBA bands' as an ordered-categorical 486 

measure of child mental health: description and validation in British and Norwegian samples. 487 

Soc Psychiatry Psychiatr Epidemiol 2011;46(6):521-32. 488 

17 
Jackson LV, Thalange NK, Cole TJ. Blood pressure centiles for Great Britain. Arch Dis Child 489 

2007;92(4):298-303. 490 

18 
National High Blood Pressure Education Program Working Group on High Blood Pressure in 491 

Children and Adolescents. Fourth Report on the Diagnosis, Evaluation, and Treatment of High 492 

Blood Pressure in Children and Adolescents. Pediatrics 2004;114(2):555 -576. 493 

19 
Taylor WD, Aizenstein HJ, Alexopoulos GS. The vascular depression hypothesis: mechanisms 494 

linking vascular disease with depression. Mol Psychiatry 2013; doi: 10.1038/mp.2013.20 495 

20 
Hildrum B, Mykletun A, Stordal E, et al. Association of low blood pressure with anxiety and 496 

depression: the Nord-Trøndelag Health Study. J Epidemiol Community Health 2007;61(1):53-497 

8. 498 

21 
Moldin SO, Scheftner WA, Rice JP, Nelson E, Knesevich MA, Akiskal H.Association between major 499 

depressive disorder and physical illness. Psychol Med. 1993;23(3):755-61. 500 

22
McGirr A, Diaconu G, Berlim MT, Pruessner JC, Sablé R, Cabot S, Turecki G. Dysregulation of the 501 

sympathetic nervous system, hypothalamic-pituitary-adrenal axis and executive function in 502 

individuals at risk for suicide. J Psychiatry Neurosci. 2010; 35(6):399-408. 503 

23 
Portman RJ, Sorof JM, Ingelfinger JR. Pediatric Hypertension. New Jersey: Humana Press Inc. 2004. 504 

24
Fergusson D, Horwood LJ, Ridder EM, Beautrais AL. Subthreshold depression in adolescence and 505 

mental health outcomes in adulthood.  Archives of General Psychiatry 2005, 62:66-72. 506 

Page 23 of 50

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

24 

 

25 
Johnson JG, Cohen P, Kasen S. Minor depression during adolescence and mental health outcomes 507 

during adulthood.  Br J Psychiatry 2009, 195(3):264-5. 508 

26 
Barker ED, Copeland W, Maughan B, et al.  Relative impact of maternal depression and associated 509 

risk factors on offspring psychopathology. Br J Psychiatry 2012;200(2):124-9. 510 

27 
Wolke D, Waylen A, Samara M, et al. Selective drop-out in longitudinal studies and non-biased 511 

prediction of behaviour disorders. Br J Psychiatry 2009;195(3):249-56.  512 

Page 24 of 50

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

1 

 

Title: Depression and blood pressure in high-risk children and adolescents: an investigation using two 1 

longitudinal cohorts.  2 

Abstract 3 

Objective – To examine the relationship between blood pressure and depressive disorder in children 4 

and adolescents at high-risk for depression. 5 

Design – Multi-sample longitudinal design including a prospective longitudinal 3-wave high-risk study 6 

of offspring of parents with recurrent depression and an on-going birth cohort for replication. 7 

Setting – Community based studies.  8 

Participants – High-risk sample includes 281 families where children were aged 9-17 years at baseline 9 

and 10-19 years at the final data point. Replication cohort includes 4830 families where children were 10 

aged 11-14 years at baseline and 14-17 years at follow up and a high-risk subsample of 612 offspring 11 

with mothers that had reported recurrent depression. 12 

Main outcome measures –New onset DSM-IV defined depressive disorder in the offspring using 13 

established research diagnostic assessments - the Child and Adolescent Psychiatric Assessment 14 

(CAPA) in the high risk sample and the Development and Wellbeing Assessment (DAWBA) in the 15 

replication sample. 16 

Results – Blood pressure was standardised for age and gender to create standard deviation scores and 17 

child’s weight was statistically controlled in all analyses.  In the high-risk sample, lower systolic blood 18 

pressure at wave 1 significantly predicted new onset depressive disorder in children (OR=.65, 95% CI 19 

.44 to .96; p=.029) but diastolic blood pressure did not. Depressive disorder at Wave 1 did not predict 20 

systolic blood pressure at Wave 3.  A significant association between lower systolic blood pressure and 21 

future depression was also found in the replication cohort in the second subset of high-risk children 22 

whose mothers had experienced recurrent depression in the past.  23 

Conclusion – Lower systolic blood pressure predicts new onset depressive disorder in the offspring of 24 

parents with depression. Further studies are needed to investigate how this association arises.  25 

Key words 26 

Depression; Blood Pressure; ALSPAC; Adolescent; Cohort Studies27 
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28 

Article focus: 

• To examine the relationship between blood pressure and future depressive disorder 

in adolescents at high-risk for depression. 

Key messages  

• Low systolic blood pressure predicts future depressive disorder in adolescent 

offspring of parents with recurrent depression. 

 

Strength and Limitations 

• Replication of findings in two independent cohort studies, one a high risk sample 

and one a population based cohort. 

• Mechanism by which low blood pressure is linked to depression risk needs further 

investigation. 
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Introduction 29 

The two leading causes of death and disability in the developed world are depression and 30 

cardiovascular disease. The association between depression and cardiovascular disease is well 31 

established in adults,[1] although the mechanisms by which it arises are still not clear. It has been 32 

suggested that these links reflect early associations between depression and cardiovascular risk factors. 33 

High blood pressure is an important cardiovascular risk factor and it has also been linked to depression 34 

in adults in some studies.[2] Other studies, however, have found the converse. They suggest that 35 

depression is associated with low blood pressure and that it is only depression treated with certain 36 

antidepressants which is associated with high blood pressure.[3] To guide the study of mechanisms by 37 

which the links between cardiovascular risk factors, notably blood pressure and depression may arise, it 38 

is important to first ascertain the direction of effects. In the few longitudinal studies in this area, the 39 

findings are inconsistent, with some studies finding depression as a predictor of either high blood 40 

pressure,[4] or low blood pressure,[5]
 
whilst others have found the converse, with low blood pressure 41 

predicting depression.[6] 42 

 43 

Although both depression and the early indicators of cardiovascular disease have been found to have 44 

onset in childhood and adolescence,[7, 8] very few studies have focused on these links in younger 45 

populations. In this study, the main aim was to investigate the relationship between blood pressure and 46 

subsequent first onset episode of depression in a prospective cohort of children and adolescents at high 47 

risk of depression. The secondary aim was to replicate findings in an independent cohort.   48 

49 
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Method  50 

Data were derived from a prospective longitudinal study of offspring of parents with recurrent 51 

depression–‘The Early Prediction of Adolescent Depression (EPAD) study’. At baseline, the sample 52 

included 337 families (315 mothers and 22 fathers) that were recruited from general practices across 53 

South Wales, by writing to eligible families, and from a database of adults with previously identified 54 

unipolar depression. A sample size of 300 families was calculated to provide sufficient power to test 55 

the main hypotheses of the original project whilst allowing detailed assessments at each time point.  56 

Recurrent depression is defined as the presence of least two episodes of DSM-IV major depressive 57 

disorder. Diagnosis in the index parent was confirmed at baseline using a research diagnostic interview 58 

that is widely used to assess adult psychiatric disorder, the SCAN (Schedules for Clinical Assessment 59 

in Neuropsychiatry).  This was undertaken by researchers who were trained and supervised by an 60 

experienced academic clinician. The youngest child within the age range of 9 to 17 years was selected 61 

for inclusion (197 girls and 140 boys, mean age = 12.4 years).  All children were biologically related to 62 

and currently living with the affected parent.  Additional exclusion criteria included children with 63 

moderate-severe intellectual disability (IQ<50) and parents with bipolar disorder, mania/hypomania or 64 

psychosis at time of interview. Two families were consequently excluded from waves 2 and 3 of the 65 

study because the depressed parent had been diagnosed as suffering from bipolar disorder since the 66 

wave 1 assessment. Symptoms of psychiatric disorder in parents and offspring were separately assessed 67 

using age-appropriate standard research diagnostic interviews independently by two trained research 68 

psychologists on three occasions over the course of the study which began in April 2007 and finished 69 

in April 2011. The average time between the baseline and second assessment was 16.2 months and 70 

between the second and third assessment was 12.5 months. Further details on the sample characteristics 71 

and methodology have been described previously.[9] 72 

For the main analyses, 30 families were excluded because they had not completed at least two waves of 73 

data. A further 10 children were excluded from main analyses because they already met criteria for  74 

DSM-IV major depressive disorder at baseline and thus the blood pressure assessment did not precede 75 

onset.  Lastly 14 children were excluded because a measure of blood pressure and/or weight had not 76 

been completed at baseline either because there had been a fault in the equipment or the child had 77 

refused. This resulted in a final sample of 281 families (see Figure 1 for more details). Psychiatric data 78 

were collected from parents and children via semi-structured research diagnostic interviews and blood 79 
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pressure and weight were assessed by the interviewer. Additional data on physical health problems, 80 

maternal education and social class were collected from parents and children from self-completed 81 

questionnaires that were mailed to the families two weeks before their interview. Ethical approval for 82 

the study was obtained from the Multi-centre Research Ethics Committee for Wales. 83 

84 

Page 29 of 50

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

6 

 

Figure 1 85 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flow chart of retention at each assessment in the EPAD sample   

 
Baseline eligible sample = 

337 families 

 
335 eligible families 

Exclusions 

2 families withdraw due to 

bipolar diagnosis in affected 

parent 

Data on W1 DSM Major 

Depressive Disorder: 

 335 children (100%) 

Data on W2 DSM Major 

Depressive Disorder: 

 287 children (86%) 

Data on W3 DSM Major 

Depressive Disorder: 

283 children (84%) 

Data on DSM Major 

Depressive Disorder from at 

least 2 waves:  

305 children (91%) 

Data on all variables of 

interest in main analyses: 

 281 children (84%) 

 

10 children excluded due to 

presence of W1 DSM Major 

Depressive Disorder 

Data on New Onset 

Depressive disorder at W2 

or W3: 

295 children (88%) 

 

12 children missing 

data on blood 

pressure at W1 

2 additional children 

missing data on 

weight at W1 

 

47 families not completed 

interview 

1 interview too much 

missing data to make 

diagnosis 

 

52 families not 

completed 

interview 
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Data were also utilised from a birth cohort study ‘The Avon Longitudinal Study of Parents and 86 

Children (ALSPAC)’ to allow replication of findings from the first high-risk sample.  The cohort was 87 

set up to examine genetic and environmental determinants of health and development.[10] The initial 88 

cohort consisted of 14,062 children born to residents of the Bristol area, UK, who had an expected date 89 

of delivery between 1
st
 April 1991 and 31

st
 December 1992 (www.alspac.bris.ac.uk). All pregnant 90 

women resident in three health districts in the old administrative county of Avon who had an estimated 91 

delivery between the above dates were eligible to participate. In addition, pregnant women that had 92 

migrated into the catchment area before the point of delivery were eligible. Recruitment was carried 93 

out by attempting to make contact with eligible women through ALSPAC staff visiting community 94 

locations and through using antenatal and maternity health services and media information to 95 

encourage contact and promote the study.[10] The parents completed regular postal questionnaires 96 

concerning their child’s health and development since birth. The children have completed 97 

questionnaires and attended annual assessment clinics since age 7 years. For analyses using the whole 98 

sample, 4830 children had data on both blood pressure and weight at age 12 years (2515 females and 99 

2315 males; age range: 11-14 years; mean age = 12.8 years) and depression at age 15 years (age range: 100 

14-17 years; mean age = 15.4 years). Main replication analyses focused on the sub-sample of children 101 

whose mothers had experienced recurrent depression (at least two episodes); 612 children were 102 

included in these analyses (347 females and 265 males). Ethical approval for the study was obtained 103 

from the ALSPAC Ethics and Law committee and the Local Research Ethics Committees.  104 

Measures 105 

EPAD study: 106 

Assessment of depression in the offspring of parents with recurrent depression  107 

The Child and Adolescent Psychiatric Assessment (CAPA) is a semi-structured research diagnostic 108 

interview that has high reliability and that is used to assess children's psychiatric symptoms [11]. 109 

Parents are asked about their children's psychopathology and children are independently interviewed 110 

using the interview schedules (parent and child versions).  The presence of any given symptom has to 111 

be rigorously assessed and only endorsed by the interviewer when it achieves the CAPA defined 112 

symptom threshold. Interviewers were trained by the team that developed the CAPA and all interviews 113 

were recorded. Interview fidelity was checked through inter-rater reliability checks of 20 randomly 114 
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selected recordings at each time point (10 parent report and 10 child report) and through weekly 115 

supervision by an academic clinician with extensive experience in using the interview. Average 116 

agreement between raters for DSM-IV psychiatric disorder was excellent (κ =0.92), as was average 117 

agreement for depression symptoms (κ =0.93). CAPA was used at each assessment and assesses the 118 

presence of a major depressive disorder in the child over the preceding three months. The parent and 119 

child versions were completed independently, with interviews conducted in separate rooms where 120 

possible and in 99 percent of cases, by separate researchers. Child diagnoses were generated using 121 

DSM-IV criteria, based on CAPA symptoms.  The presence of a diagnosis was endorsed if either 122 

parent (reporting on the child) or child reported it as being present. Fidelity of the diagnostic algorithms 123 

was further checked as all those meeting diagnostic criteria and subthreshold cases were reviewed 124 

weekly by two senior clinical and academic child and adolescent psychiatrists.  The total number of 125 

DSM-IV major depressive disorder symptoms was also computed from the CAPA. 126 

New onset major depressive disorder - The presence of a new onset DSM-IV diagnosis of major 127 

depressive disorder at either the second or third assessment was defined by excluding children that had 128 

a baseline diagnosis of DSM-IV major depressive disorder.  129 

Blood pressure –An Omron 705IT sphygmomanometer was used to measure blood pressure at each 130 

assessment whilst the child was in a seated position with their arm resting on a flat surface.  A standard 131 

cuff was used to measure blood pressure in children aged 11 years and over and a small adult cuff was 132 

used for children under 11 years, unless overweight.  Systolic and diastolic blood pressures were 133 

measured using standardised guidelines set out by the American Heart association.[12] At least two 134 

readings were taken at least one minute apart using the right arm.  When the difference between two 135 

readings was 5mmHg or less an average was taken.  136 

Weight and other potential confounders – Weight was considered to be a confounder of the relationship 137 

between blood pressure and depression due to its potential association with both.[13, 14] Interviewers 138 

measured the weight of the children without shoes to the nearest 0.1 kg using Seca scales. We also 139 

examined whether the results were affected by the presence of physical health problems (parent 140 

reported), any medication use (child or parent reported) and using body mass index (BMI) instead of 141 

weight. 142 
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Demographics – The mother and father questionnaires completed at baseline were used to assess 143 

maternal education and highest parental social class. Maternal education was categorised according to 144 

whether the mother had completed higher education (A-Levels, degree or postgraduate qualification). 145 

Parental social class was categorised according to whether either parent reported having a non-manual 146 

occupation. 147 

ALSPAC: 148 

Maternal history of recurrent depression – Mothers completed regular questionnaires from pregnancy 149 

to when the child was aged 12 years including the questions ‘Have you had depression in the last year/ 150 

last two years/ since your child was born/ever’. The mother was also asked ‘Have you ever had severe 151 

depression’ on three occasions over this time period. Research diagnostic interview generated 152 

psychiatric data on parents are not available in ALSPAC. Recurrent depression in the replication data 153 

set thus had to be defined where mother had reported having depression on at least two separate 154 

occasions, and if at least one of these occasions was reported as being severe. These criteria were used 155 

to create a subsample that was as similar as possible to the primary high-risk sample. 156 

Child depressive disorder – Parent reports on their child's symptoms were obtained using a structured 157 

diagnostic schedule (the Development and Wellbeing Assessment; DAWBA [15]) that, like the CAPA, 158 

has been used widely for large scale population studies. The parent-rated DAWBA was completed 159 

when the target age of the children was 13 years. Children were directly interviewed using the 160 

DAWBA at age 15 years. The DAWBA assesses the presence of a depressive disorder over the 161 

preceding month. DSM-IV diagnoses of depression were generated at each time point using a well-162 

defined computerised algorithm that predicts the likelihood of a clinical rater assigning each child a 163 

DSM-IV diagnosis of depression and generates diagnoses (see www.DAWBA.com for more 164 

information). A senior clinical psychiatrist reviewed the diagnoses and the DAWBA responses as part 165 

of the ALSPAC data collection process. [16] 166 

Blood pressure – Systolic and diastolic blood pressure were measured at the clinic assessments when 167 

the target ages of the children were 12 years and 15 years.  Blood pressure was measured twice at each 168 

assessment with a Dinamap 9301 Vital Signs Monitor and a mean of both readings was taken. 169 
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Weight and other potential confounders – Interviewers measured the weight and height of the children 170 

in light clothing and without shoes at the clinic assessments when the target age of the children was 12 171 

years. Weight was measured to the nearest 0.1 kg using Tanita scales (Tanita; Illinois, USA) and height 172 

was measured to the nearest 0.1 cm using a Harpenden stadiometer (Tarti; Turkey). BMI was then 173 

calculated (kg/m²). Maternal systolic blood pressure at 8 weeks gestation was abstracted from antenatal 174 

medical records.  175 

Demographics – The mother and father questionnaires completed during pregnancy were used to assess 176 

maternal education and highest parental social class. Maternal education was categorised according to 177 

whether the mother had completed higher education (A-Levels or degree). Parental social class was 178 

categorised according to whether either parent reported having a non-manual occupation. 179 

Statistical methods 180 

Each set of analyses were conducted in two steps. First, descriptive statistics were examined in the 181 

high-risk sample and then in the replication cohort using the subsample of children with mothers that 182 

have experienced recurrent depression in the past. Next, regression analyses were performed to 183 

examine the association between blood pressure and depression in the high-risk sample and then in the 184 

subsample from the replication cohort. Logistic regression analyses were used when the dependent 185 

variable was dichotomous and ordinary least squares linear regression analysis was used when the 186 

dependent variable was continuous.  Continuous outcome data that were not normally distributed were 187 

transformed prior to analysis using a natural log transformation.  Next, the linearity of the relationship 188 

between systolic blood pressure and future depressive disorder was examined by investigating the 189 

percentage of children with future depressive disorder by blood pressure quintiles, again in both 190 

samples. Next, receiver operating characteristic (ROC) analysis was performed to establish a cut off for 191 

blood pressure in both samples that showed adequate sensitivity and specificity for detecting future 192 

depressive disorder. Lastly, the association between systolic blood pressure and future depressive 193 

disorder was investigated in the general population by using the entire ALSPAC sample and the 194 

presence of a multiplicative interaction between maternal depression and systolic blood pressure on 195 

future depressive disorder was examined. Listwise deletion was used to deal with missing data in all 196 

analyses and data were analysed using SPSS (v20).197 
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Results 198 

Demographic comparability of the EPAD high-risk sample (offspring of parents with recurrent 199 

depression), the ALSPAC replication subsample of children with mothers that have experienced 200 

recurrent depression and the whole ALSPAC sample  201 

Table 1 shows that the three samples are comparable on a range of demographics (child age, gender, 202 

maternal education and parental social class).  203 

Table 1 204 

 
EPAD        

(n=281) 

ALSPAC     

(subsample of  offspring 

of  recurrently 

depressed mothers; 

n=612) 

ALSPAC            

(whole sample; 

n=4830) 

Child age: mean (sd) 12.4 (2.0) 12.8 (0.2) 12.8 (0.2) 

Child gender (% female) 58.4 56.7 52.1 

Maternal education (% higher education) 51.9 44.3 47.2 

Parental social class (% non-manual) 74.0 84.1 87.7 

Demographics at baseline in the EPAD sample, ALSPAC subsample of offspring of recurrently 205 

depressed mothers and the whole ALSPAC sample 206 

Descriptives from EPAD high-risk sample 207 

Mean systolic and diastolic blood pressure in the EPAD sample at baseline were 117.26 mmHg and 208 

70.88 mmHg and standard deviations were 13.18 and 11.39 respectively. There were no significant 209 

differences between males and females for systolic or diastolic blood pressure at baseline. Systolic 210 

blood pressure at baseline was significantly correlated with age (r=.23, p<.001), but diastolic blood 211 

pressure was not (r=.02, p=.728).  Systolic blood pressure was thus standardised for age and gender to 212 

create standard deviation scores and all analyses for systolic blood pressure were run with the 213 

standardised variable.[17] Mean blood pressures for each age group in this sample were generally 214 

higher than population norms.[17,18]  Systolic blood pressure at baseline was significantly associated 215 

with weight (r=.25, p<.001), but diastolic blood pressure was not (r=.07, p=.236).  Given this finding 216 

all analyses with systolic blood pressure are reported controlling for weight. 217 
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Twenty-four children (5 boys, 19 girls) in the sample developed a new onset depressive disorder 218 

(8.54%). 219 

Descriptives from ALSPAC dataset – using the subsample of children with mothers that have 220 

experienced recurrent depression in the past 221 

Mean systolic and diastolic blood pressure in this sample at age 12 years were 111.10 mmHg and 56.61 222 

mmHg and standard deviations were 9.44 and 8.16 respectively. There were no significant differences 223 

between males and females for systolic or diastolic blood pressure at age 12. Again, systolic blood 224 

pressure was standardised for age and gender to create standard deviation scores and all analyses for 225 

systolic blood pressure were run with the standardised variable. The association between blood 226 

pressure and weight at age 12 was significant for both systolic (r=.45, p<.001) and diastolic blood 227 

pressure (r=.18, p<.001), therefore all results are reported controlling for weight. 228 

Eighteen children (5 boys, 13 girls) in the sample reported a depressive disorder over the last month at 229 

age 15 (2.94%). 230 

Initial analyses in EPAD high-risk sample 231 

Logistic regression analyses were performed to investigate the association between blood pressure and 232 

new onset depressive disorder in the EPAD sample of children. It was found that as systolic blood 233 

pressure increased, risk for new onset depressive disorder decreased, when adjusting for child’s weight 234 

at baseline (OR = .65, 95% CI .44 to .96; p=.029), i.e. lower systolic blood pressure at baseline 235 

significantly predicted new onset depressive disorder. Diastolic blood pressure at baseline did not 236 

significantly predict new onset depressive disorder (OR = .97, 95% CI .92 to 1.01; p=.120).  237 

Results remained the same when the outcome was expanded to include the new onset of more broadly 238 

defined mood-related diagnoses (primary diagnosis: major depressive disorder n=22, dysthymia n=1, 239 

cyclothymia n=1, bipolar disorder n=3, adjustment disorder with depressed mood n=4 and depressive 240 

disorder not otherwise specified n=5).  Results also remained similar when separately adjusting for 241 

medication use and physical health problems in the child and when adjusting for BMI instead of 242 

weight. The association was not significantly moderated by gender (p=.769). 243 

Given few adolescents developed new onset depressive disorder, the analysis was repeated using total 244 

depression symptom scores at wave 3 as the outcome.  Linear regression analysis with systolic blood 245 
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pressure at baseline as a predictor and depression symptoms at the wave 3 assessment as the outcome, 246 

and again controlling for weight, showed significant association (β = -.13; p=.040). 247 

To examine whether depressive disorder was a predictor of blood pressure, a linear regression analysis 248 

was performed with a diagnosis of depressive disorder at baseline as a predictor and systolic blood 249 

pressure at the wave 3 assessment as the outcome, again controlling for child’s weight at baseline.  This 250 

was non-significant (β = -.05; p =.412).  Given the low number of individuals with depressive disorder 251 

at baseline the analysis was repeated using total depression symptoms at baseline as a predictor. Again 252 

the results were non-significant (β = -.07; p = .286).  253 

Replication in ALSPAC dataset – using the subsample of children with mothers that have 254 

experienced recurrent depression in the past 255 

Logistic regression analyses were undertaken in the replication sample. Again, it was found that as 256 

systolic blood pressure increased, risk for future depressive disorder decreased, when adjusting for 257 

child’s weight at baseline (OR = .48, 95% CI .27 to .85; p=.012), i.e. lower systolic blood pressure at 258 

age 12 significantly predicted depressive disorder at age 15.  Diastolic blood pressure at age 12 years 259 

did not significantly predict depressive disorder at age 15 (OR = .98, 95% CI .93 to 1.05; p=.597). 260 

Results remained similar when adjusting for BMI instead of weight and when additionally adjusting for 261 

maternal systolic blood pressure in pregnancy. The association was not significantly moderated by 262 

gender (p=.102). 263 

To examine whether depressive disorder was a predictor of blood pressure, a linear regression analyses 264 

was performed with a diagnosis of depressive disorder at age 13 as a predictor and systolic blood 265 

pressure at age 15 as the outcome, again controlling for child’s weight.  This was non-significant (β = -266 

.04; p = .378).   267 

Relationship between blood pressure and depressive disorder in high-risk EPAD sample 268 

To further investigate the relationship between systolic blood pressure and depressive disorder in the 269 

EPAD sample, blood pressure was split into quintiles to examine the percentage of children with new 270 

onset depressive disorder by blood pressure categories and the linearity of the relationship. As can be 271 

seen in Figure 2, there is a lower risk of depressive disorder with higher levels of blood pressure, with 272 
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the lowest quintile of systolic blood pressure having the highest percentage of depressive disorder 273 

cases. 274 

Figure 2 275 

 276 

Figure to show percentage of children with new onset depressive disorder at follow-up by quintiles of 277 

systolic blood pressure at baseline in the EPAD sample  278 

Replication in ALSPAC dataset – using the subsample of children with mothers that have 279 

experienced recurrent depression in the past 280 

To further investigate the relationship between systolic blood pressure and depression in the replication 281 

sample, blood pressure was split into quintiles to examine the percentage of children with depression at 282 

age 15 by blood pressure categories and the linearity of the relationship.   283 

As can be seen in Figure 3, there is a lower risk of depressive disorder with higher levels of blood 284 

pressure, with the lowest quintile of systolic blood pressure having the highest percentage of depressive 285 

disorder cases.  286 

Figure 3 287 
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Figure to show percentage of children with depressive disorder at age 15 years by quintiles of systolic 289 

blood pressure at age 12 years in the ALSPAC sample  290 

Analyses so far have highlighted a significant association between lower systolic blood pressure and 291 

future depression in two different samples of offspring of parents with recurrent depression. Next, ROC 292 

analysis was performed to establish a cut off for blood pressure in both samples that maximised both 293 

sensitivity and specificity for detection of future depressive disorder. A cut off point of below 0.025 294 

standard deviations above the mean using standardised systolic blood pressure [17] showed a 295 

sensitivity of 63% and a specificity of 66% for the high risk EPAD sample (this would approximately 296 

equate to systolic blood pressure below 112mmHg for a 12 year old boy and below 113mmHg for a 12 297 

year old girl). A cut off point of below 0.485 standard deviations below the mean using standardised 298 

systolic blood pressure [17]  showed a sensitivity of 61% and a specificity of 61% for the ALSPAC 299 

replication sample (this would approximately equate to systolic blood pressure below 108mmHg for a 300 

12 year old boy or girl). Logistic regression analyses were performed to examine the strength of the 301 

association between low blood pressure and future depressive disorder using each of the cut offs 302 

identified in each sample (Table 2). 303 

Table 2 304 

   305 

1Adjusted for child weight at W1 306 

Association between low blood pressure and future depressive disorder in the EPAD and ALSPAC 307 

samples using the optimal cut off for low blood pressure identified in each sample using ROC curve 308 

analysis 309 

From these analyses it seems a cut off for low systolic blood pressure for children aged 12 years lies 310 

between 108 and 113mmHg. 311 

 

OR (95% CI)
1
 

Optimal cut off in EPAD 

sample (< .025) 

Optimal cut off in 

ALSPAC sample (< -.485) 

EPAD sample 3.13 (1.30, 7.53) 3.43 (1.45, 8.13) 

ALSPAC sample 3.00 (.93, 9.71) 3.62 (1.23, 10.65) 
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Lastly, supplementary analyses were performed to examine the association between blood pressure and 312 

future depression in the general population using the entire ALSPAC sample. 313 

Supplementary analyses using entire ALSPAC sample: 314 

1) Testing the relationship between depressive disorder and blood pressure in the general 315 

population (not limiting analysis to those adolescents with a parental history of recurrent 316 

depression)   317 

Descriptives 318 

Mean systolic and diastolic blood pressure in the sample at age 12 were 111.01 mmHg and 56.53 319 

mmHg and standard deviations were 9.54 and 7.88 respectively. There were no significant differences 320 

between males and females for systolic or diastolic blood pressure at age 12. Again, systolic blood 321 

pressure was standardised for age and gender to create standard deviation scores and all analyses for 322 

systolic blood pressure were run with the standardised variable. The association between blood 323 

pressure and weight at age 12 was significant for both systolic (r=.44, p<.001) and diastolic blood 324 

pressure (r=.19, p<.001), therefore all results are reported controlling for weight. 325 

Seventy five children (22 boys, 53 girls) in the sample reported a depressive disorder over the last 326 

month at age 15 (1.55%). 327 

Preliminary analyses 328 

Logistic regression analyses were performed to investigate the association between blood pressure and 329 

depressive disorder. Systolic blood pressure at age 12 did not significantly predict depressive disorder 330 

at age 15 (OR = .98, 95% CI .76 to 1.27; p=.875). Diastolic blood pressure at age 12 did not 331 

significantly predict depressive disorder at age 15 (OR = 1.01, 95% CI .98 to 1.04; p=.604).  332 

2) Examining whether a history of recurrent maternal depression moderated the 333 

relationship between systolic blood pressure and depression 334 

Logistic regression analyses were then performed to test if recurrent maternal depression moderated the 335 

relationship between systolic blood pressure and depressive disorder. The predictor variables, systolic 336 

blood pressure and maternal recurrent depression were centred to convert them to their deviation form 337 

to remove non-essential multicollinearity. The interaction was found to be significant (OR = .49, 95% 338 

CI .27 to .89; p=.019).  339 
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Systolic blood pressure was then categorised into ‘high’ and ‘low’ by splitting at the median, so that 340 

the interaction could be displayed graphically. As can be seen in Figure 4, when recurrent maternal 341 

depression was present, children with low blood pressure showed the highest percentage of depressive 342 

disorder.  However, when recurrent maternal depression was not present, children with high blood 343 

pressure showed the highest percentage of depressive disorder. 344 

Figure 4 345 

 346 

Figure to show percentage of children with depressive disorder at age 15 years within ‘high’ and ‘low’ 347 

systolic blood pressure groups at age 12 years by maternal depression status in the ALSPAC sample348 
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Discussion  349 

In this study we found that lower systolic blood pressure significantly predicted future new onset 350 

depressive disorder amongst a sample of children and adolescents at high risk of developing depression 351 

because of a parental history of recurrent depression. This finding was replicated in a large community 352 

based cohort study (ALSPAC) for children whose mothers reported a history of recurrent depression 353 

(replication sample).  When investigating this relationship in more detail, it seemed that those with the 354 

lowest systolic blood pressure were most at risk of developing a depressive disorder in the future. A cut 355 

off value for systolic blood pressure in 12 year old children was identified as being within the range of 356 

108 and 113mmHg. Finally when investigating this relationship in the entire population cohort 357 

(ALSPAC), the association between blood pressure and major depressive disorder was no longer 358 

significant. There was no evidence for an association in the opposite direction (depression predicting 359 

future blood pressure levels) either in the study sample or in the replication cohort nor was there an 360 

association between diastolic blood pressure and future depression in either dataset. 361 

In our study, whilst the average blood pressure in the offspring of parents with recurrent depressive 362 

disorder was slightly higher than population norms, it was those whose blood pressure was lower who 363 

were at most risk of developing depressive disorder. This was not true in adolescents from the general 364 

population.  In adolescents from the general population who did not have a parent with recurrent 365 

depressive disorder, higher blood pressure showed some association with a higher risk of future 366 

depressive disorder.  There have been no previously published longitudinal studies examining the 367 

relationship between blood pressure and depression in children from the general population or children 368 

at high-risk of depression. In adults a “vascular depression” hypothesis has been proposed to explain 369 

links between elevated blood pressure and depression [19] but some adult studies have found cross-370 

sectional links between low blood pressure and depression.[20, 21] In addition, a study on elderly 371 

patients reported a fall in systolic blood pressure predicted the onset of depression.[6] The aim in our 372 

study was however to look at links between blood pressure and depression prior to the usual age of 373 

onset of hypertensive disease to examine developmental changes. Given the limited scientific literature 374 

on this topic, the mechanisms by which low blood pressure might precede depression for adolescent 375 

offspring of individuals with recurrent depressive disorder are unclear and we can at present only 376 

speculate as to what these might be.  Possible mechanisms include  shared risks (genetic and/or 377 

environmental) that contribute to both lower blood pressure and depression that are especially enriched 378 
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in those offspring most at risk of developing depressive disorder in the near future. Another possibility 379 

is that low blood pressure, in those who are familially/genetically vulnerable to depression, represents 380 

an early manifestation (possibly through autonomic system dysregulation) or prodromal phase of major 381 

depressive disorder. There is strikingly limited research on biological links between early mental health 382 

problems and physical health as well as on autonomic system function in young people who are 383 

familially vulnerable to depression [22]. Our findings highlight the need for further research on links 384 

between mental and physical health in young people.   385 

Strengths and Limitations 386 

This is the first study we are aware of to report on the longitudinal relationship between blood pressure 387 

and depressive disorder in adolescents, an important period for the onset of depression.  In the main 388 

sample, children and adolescents were followed up at three points over a four year period with a high 389 

retention rate of over 80%.  A similar pattern of results was found in a large community based cohort 390 

study (ALSPAC) for those children of mothers with a history of recurrent depression. In both samples, 391 

diagnoses were systematically ascertained using interview and blood pressure readings were measured 392 

according to standardised protocol. In addition, potential confounders of the relationship were taken 393 

account of. There were also possible limitations of the study.  Blood pressures were measured using an 394 

electronic device which uses an oscillometric technique rather than the auscultatory technique that most 395 

population norms are based on and it has been noted that these readings are not equivalent. However 396 

there is a lack of consensus as to whether using different methods leads to any systematic bias and 397 

inaccuracies seem more related to not using a standardised technique rather than the instrument.[23] In 398 

addition, the cut off values identified in the high risk and replication samples differed slightly. This 399 

may have been because of differences in measurement techniques in the two studies. These results need 400 

to be replicated in other samples in order to establish more precise cut off for low systolic blood 401 

pressure.  There was also relatively a high false positive rate for the cut offs identified in both the high 402 

risk and the replication sample (34% and 39% respectively). However the aim of this analysis was not 403 

to develop a screening tool for depression but to use ROC curve analysis as a method to maximise both 404 

sensitivity and specificity in determining the optimal cut off value for low blood pressure. Moreover 405 

some of the individuals labelled as “false positives” will have sub-threshold depression which has been 406 

found to be associated with impairment, and to predict escalation to future disorder;[24, 25]. Despite 407 
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being a high-risk sample, the number of children with depressive disorder was small and many of the 408 

sample had not been though the age of maximum risk for developing a depressive disorder so this 409 

could lead to an underestimate of the effects of risk factors. In addition, the number of children with 410 

depressive disorder was also low in the replication sample, partly because only a self-report measure of 411 

depressive disorder was available at age 15, and partly because of selective attrition over time.  412 

Previous studies have reported that although attrition has affected prevalence rates of depression in the 413 

mother and internalising disorders in the children, the associations between risks and outcomes 414 

remained intact, although conservative estimates of the likely true effects.[26, 27]  Lastly, the 415 

subsample of recurrently depressed mothers in the replication dataset is likely to index a less severe 416 

group as maternal self-report of depression was used as opposed to defining episodes of depression 417 

using DSM-IV criteria as was done in the main dataset. 418 

In summary, in our study of adolescents at high risk of depression we found that low blood pressure 419 

was associated with major depressive disorder. This finding was replicated in an independent cohort.   420 

Future research is needed using different populations to confirm this relationship as it is a novel finding 421 

and to investigate the mechanisms by which the relationship between low blood pressure and 422 

depressive disorder in children at risk for depression may arise.423 
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pages 18 & 19 

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based   

page 21 

*Give information separately for exposed and unexposed groups. n/a 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at http://www.strobe-statement.org. 
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