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Postpartum haemorrhage and risk of mental ill health: A population-based 

longitudinal study using linked primary and secondary care databases 

Abstract 

There is a gap in the literature investigating the impact of obstetric complications on 

subsequent mental ill health outcomes. The aim of this study was to establish the 

association between post-partum haemorrhage (PPH) and mental ill health. We 

conducted a retrospective open cohort study utilizing linked primary care (The Health 

Improvement Network (THIN)) and English secondary care (Hospital Episode 

Statistics (HES)) databases, from 1st January 1990 to 31st January 2018. A total of 

42,327 women were included: 14,109 of them were exposed to PPH during the study 

period and 28,218 unexposed controls were matched for age and date of delivery. 

Hazard ratios (HRs) for mental illness among women with and without exposure to 

PPH were estimated after controlling for covariates. Women who had had PPH were 

at an increased risk of developing postnatal depression (adjusted HR: 1·10, 95%CI: 

1·01–1·21) and post–traumatic stress disorder (PTSD) (adjusted HR: 1·17, 95%CI: 

0·73–1·89) compared to women unexposed to PPH. When restricting the follow–up 

to the first year after childbirth, the adjusted HR for PTSD was 3·44 (95% CI 1·31–

9·03). No increase in the overall risk was observed for other mental illnesses, 

including depression (adjusted HR: 0·94, 95%CI: 0·87–1·01), severe mental illness 

(adjusted HR: 0·65, 95%CI: 0·40–1·08, p=0·239) and anxiety (adjusted HR: 0·99, 

95%CI: 0·90–1·09). PPH is associated with a significant increase in the risk of 

developing postnatal depression and PTSD in the first year after delivery. Active 

monitoring for mental illness should form an integral part of the follow–up in women 

who suffered a PPH.  
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Introduction 

For a substantial number of women, factors associated with mental health before, 

during and after pregnancy have critical impacts on their general wellbeing and 

relationship with the children. Some of these factors are the biological consequences 

of the birth itself and others involve social situations surrounding the birth. These 

factors range from mild in severity to life–threatening emergencies. One of such 

more severe complications that can occur after birth is postpartum haemorrhage 

(PPH). PPH is widely defined as blood loss following birth in excess of 500 mL 

(WHO, 2012). The Hospital Episode Statistics data show that there were over 

117,000 (19%) episodes of PPH in over 625,000 women delivering a baby in 

England in the financial year 2017–18 (NHS Digital, 2018). It is clear that there are 

gaps in the literature with no UK published cohort studies yet (although some are 

planned) examining the relationship between PPH and later health outcomes (Pranal 

et al., 2019). The investigation of psychological and physical health after PPH is very 

limited, in contrast to the many papers addressing prevention, treatment and risk 

factors for PPH itself (Carroll et al., 2016). A systematic review postulated a link 

between PPH and post–traumatic stress disorder (PTSD) and negative 

psychological responses, but concluded that quality of the existing literature is too 

inconsistent to determine a definite link (Zaat et al., 2018). A more recent and largest 

prospective cohort study including 187 patients with severe PPH (2000 mL or more) 

compared to 121 controls suggested an increased risk of developing PTSD; 

however, the authors were unable to recruit the sample size needed to adequately 

power the study (van Steijn et al., 2020). Of the additional literature exploring mental 
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health outcomes following PPH, one nested case cohort study examined the 

association between PPH and post–partum depressive (PPD) symptoms and 

concluded that there was no such positive association despite a large uncertainty 

around the estimate (Odds Ratio 1.81, 95% CI: 0.91 to 3.57) (Eckerdal et al., 2016).  

The rationale for the development of mental illness following PPH is clear and could 

be rooted in the traumatic experience of PPH which in itself could give rise to future 

ill health and adverse life events, such as long-term depression and divorce 

(Dunning et al., 2016; Sentilhes et al., 2011). The fear and anxiety of recurrence of 

PPH led to 21% of women deciding not to have another child and of those who did, 

60% reported intense anxiety throughout the pregnancy (Sentilhes et al., 2011). 

However, as highlighted there has been no large-scale systematic investigation into 

the mental health outcomes of women who had a PPH compared to those who did 

not, leaving a large gap in the literature and more importantly, a missed opportunity 

for potential early detection and intervention of mental illness following childbirth. 

To address the gap in our knowledge of the mental health risks following a PPH, we 

carried out a large retrospective cohort study examining the long–term risk of 

developing mental illness among women who suffered a PPH compared to women 

who did not.  

Material and methods 

Study design and data sources 

This study is a population–based retrospective open cohort study utilising linked 

primary care (The Health Improvement Network (THIN)) and secondary care 

(Hospital Episode Statistics (HES)) databases. THIN is a large population wide 
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database in the UK that contains electronic medical records of over 17 million 

patients from 787 general practices (163 of them linked to the HES database 

containing information on admissions to NHS hospitals in England). The linked 

records were used in order to capture information on exposure (PPH) from HES (as 

PPH is better recorded in secondary care), and the long–term mental ill health 

outcomes recorded in primary care. THIN and HES databases, on their own and 

linked, have been extensively used for epidemiological studies, including longitudinal 

studies that examine long–term outcomes in women with exposures to a variety of 

events during pregnancy (Abdul Sultan et al., 2013; Achana et al., 2018; Lavrentaki 

et al., 2019). 

Study population 

Women aged between 16 and 46 years who had a record of delivery in HES 

between 1st January 1990 and 31st January 2018 (index delivery) were eligible to be 

included if they were registered with their general practice for at least 12 months  

and their general practice had been using  electronic medical records for a minimum 

of 12 months and shown acceptable mortality recording in the previous 12 months or 

before (Horsfall et al., 2013). These three criteria ensured data quality and sufficient 

time for maximum and accurate documentation of all covariates. The THIN–HES 

data linkage was performed by NHS Digital using patient–sensitive de–anonymized 

data which was then anonymized and received by our team. Once linked, women 

with a HES record of PPH associated with the index delivery were identified to form 

the exposed cohort. For each woman exposed to PPH, we selected two unexposed 

women matched for age (± 1 year) and delivery date (± 1 year) from the remaining 

cohort. Cohort selection for this study is described in Figure 1. Data extraction was 
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facilitated using the Data Extraction for Epidemiological Research (DExtER) tool 

(Gokhale et al., 2020). 

Follow–up period 

Index date was the date of delivery for all women. Patients were followed up using 

THIN records until the earliest of the following: date they left the general practice, 

date they died, date the general practice ceased to contribute to the THIN database, 

date the outcome of interest was recorded and study end date (31st December 

2018). We also investigated the risk of outcomes in the first year following delivery. 

Exposure definition 

Exposure PPH was defined using ICD–10 codes recorded in HES. ICD–10 codes 

used to identify PPH have previously been used in national audits and other 

epidemiological studies (Nair et al., 2016; National Maternity and Perinatal Audit, 

2019). 

Outcomes 

Outcomes were identified using THIN Read codes, a hierarchical coding system to 

document symptoms, signs and diagnoses in primary care (Booth, 1994). 

Depression following PPH was the primary outcome of interest. Post–traumatic 

stress disorder (PTSD), severe mental illness and anxiety were secondary 

outcomes.  All outcomes have previously been studied using THIN and some are 

included in the Quality Outcome Framework in UK, a payment incentivised process 

which requires mandatory maintenance of disease registers for these conditions 

(Adderley et al., 2019; Chandan et al., 2021, 2020; Joht S. Chandan et al., 2019; 

Joht Singh Chandan et al., 2019a, 2019b; Daly et al., 2018; Tracy et al., 2019). 
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Covariates 

Covariates were selected on the basis of biological plausibility and previous 

literature.  Information on the following covariates was extracted from THIN: age, 

Body Mass Index (BMI), ethnicity, socio-economic status, delivery mode and 

birthweight. 

Age was categorized as 16–19, 20–29, 30–39 and >40 years. BMI was categorized 

according to the World Health Organization’s (WHO) classification as <18 kg/m2, 

18–24 kg/m2, 25–29 kg/m2 and >30 kg/m2. Socio–economic status in THIN is 

recorded as Townsend deprivation quintile graded from 1 to 5 with increasing degree 

of deprivation.  

Information on the mode of delivery (spontaneous, caesarean and other delivery 

methods) and birthweight of the baby was obtained from National Clinical Coding 

Standards (OPCS) recorded in HES. Birthweight (BW) of the baby was categorized 

into <1000g (Extremely low BW), 1001–1500g (Very low BW), 1501–2500g (Low 

BW), 2501–4000g (Normal BW), 4001–4500g (High BW) and >4500g (Very high 

BW). 

Ethnicity data were derived from THIN and, when missing, HES records were used. 

Missing records of BMI, Townsend score, birthweight and ethnicity were allocated 

into the ‘missing–category’ of the corresponding covariate. 

Data analysis 

Baseline data stratified by exposure are reported as mean (SD) or median (IQR) for 

continuous variables depending upon the normality of the distribution and as 

frequency and proportions for categorical variables. Cox regression modelling was 
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used to obtain crude and adjusted hazard ratios (HRs and aHRs) of mental health 

outcomes among women with PPH compared to women without PPH, taking into 

account the covariates described earlier. For each outcome analysis, women with a 

Read code recording (in THIN) of the outcome of interest prior to the indexed 

delivery were excluded. In an exploratory analysis, we also looked at the likelihood of 

being prescribed relevant medications such as antidepressants, anxiolytics, and 

antipsychotics among those with PPH compared to those without PPH restricted to 

within one year of delivery. For this, women with a corresponding prescription in the 

previous year prior to index delivery, indicative of active mental health illness alone 

were excluded. All analyses were performed in Stata 14.0 (StataCorp. 2015. Stata 

Statistical Software: Release 14. College Station, TX: StataCorp LP). A two–sided P 

value of < 0.05 was considered statistically significant. 

Results 

A total of 42,327 women were included in our study: 14,109 women who had a PPH 

during index delivery were matched to 28,218 women unexposed to PPH.  Baseline 

summary statistics stratified by the exposure status are included in Table 1. Mean 

age at delivery was 30.90 (SD 5.72) and 30.85 (SD 5.68) years for women exposed 

and unexposed to PPH, respectively. The overall follow–up period was similar 

between women exposed and unexposed to PPH [Median (IQR) follow-up in years:  

4.13 (1.72–7.58) and 4.15 (1.78–7.63), respectively].  BMI recorded at baseline was 

very slightly higher among the women exposed to PPH compared to women without 

PPH [Median (IQR): 24.1 (21.5–28.0) and 23.7 (21.2–27.4) respectively]. There was 

no marked difference in socio-economic status and ethnicity of women with and 

without PPH.  Women with PPH were less likely to be smokers compared to women 

who did not experience PPH during delivery [2,409 (17.07%) vs 5,906 (20.93%)]. 
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There were also differences in the delivery methods between the two groups; higher 

proportion of women with PPH underwent caesarean section [5,173 (36.66%) vs 

7,020 (24.88%)] and other non-spontaneous delivery methods [5,576 (39.52%) vs 

16,422 (58.20%)]. Finally, women with PPH were more likely to have delivered very 

high BW babies compared to women without PPH [2,706(19.18%) vs 5,621 

(19.92%)]. Figure 2 and Table 2 summarise the study outcomes.   

Risk of postnatal depression (PND) 

After excluding women with a history of postnatal depression, 731 (5.34%) women 

exposed to PPH and 1,309 (4.75%) women unexposed to PPH developed PND 

during follow-up, with an incidence rate of 11.1 and 9.8 per 1,000 person years. 

There was a significant increase in the hazard of PND among women who were 

exposed to PPH compared to those matched controls unexposed to PPH [HR: 1.13 

(95%CI: 1.03–1.23), aHR: 1.10 (95%CI: 1.01–1.21)].  

Risk of post–traumatic stress disorder (PTSD) 

28 (0.20%) women exposed to PPH and 49 (0.17%) women unexposed to PPH 

developed PTSD during the total follow-up period, with an incidence rate of 0.39 and 

0.34 per 1,000 person years. There was an overall 17% increase in the risk of PTSD 

in women who had PPH compared to women unexposed to PPH [unadjusted 

HR=1.15 (95% CI: 0.72–1.82), aHR: 1.17 (95%CI: 0.73–1.89] although this was not 

statistically significant. In the first year following childbirth, women with PPH had a 

3.44 times higher risk of PTSD than women who did not have PPH (aHR 3.44 

(95%CI: 1.31–9.03). 

Risk of severe mental illness 
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After excluding 187 women with a record of severe mental illness at baseline [55 

(0.39%) and 132 (0.47%) among those with and without PPH], 21 (0.19%) women 

exposed to PPH and 60 (0.21%) women unexposed to PPH received a diagnosis of 

severe mental illness during the total follow-up, with an incidence rate of 0.29 and 

0.42 per 1,000 person years. There was no significant difference in the overall 

hazard of severe mental illness between women who were exposed and unexposed 

to PPH [HR=0.70 (95% CI: 0.43–1.15), including after adjustment for covariates 

aHR: 0.65 (95%CI: 0.40–1.08)], although when restricted to one year follow-up, the 

aHR was 1.18 (95% CI: 0.40–1.53). There was a small reduction in the likelihood of 

being prescribed antipsychotic medication between women who were exposed and 

unexposed to PPH [HR=0.94 (95% CI: 0.88–1.00), aHR: 0.92 (95%CI: 0.86–0.98)]. 

Risk of anxiety 

After excluding 3,837 women with a record of anxiety at baseline [1,298 (9.20%) and 

2,539 (9.00%) among those with and without PPH], 662 (5.17%) women exposed to 

PPH and 1,361 (5.30%) women unexposed to PPH developed anxiety during the 

total follow-up period, with an incidence rate of 10.5% and 10.8% per 1,000 person 

years. There was no significant difference in the risk of anxiety between women who 

were exposed and unexposed to PPH [HR= 0.97 (95% CI: 0.88–1.07)], including 

after adjustment for covariates aHR: 0.99 (95%CI: 0.90–1.09)]. When restricting the 

follow–up period to one year, the aHR was 1.08 (95% CI: 0.86–1.36). There was no 

significant difference in the risk of being prescribed medication for the treatment of 

anxiety between women who were exposed and unexposed to PPH [HR=1.02 (95% 

CI: 0.96–1.10), including after adjustment for covariates aHR: 1.03 (95%CI: 0.96–

1.11)].  
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Risk of depression 

After excluding 6,617 women with a record of depression at baseline [2,110 

(14.95%) and 4,597 (15.97%) among the exposed and the unexposed], 980 (8.17%) 

women exposed to PPH and 2,096 (8.84%) women unexposed to PPH received a 

diagnosis of depression during follow–up, with an incidence rate of 17.2 and 18.6 per 

1,000 person years. After adjusting for covariates, there was no significant difference 

in the risk of depression between women who were exposed and unexposed to PPH 

[HR: 0.92 (95% CI: 0.86–1.00), aHR: 0.94 (95%CI: 0.87–1.01). In the analysis 

restricted to the first year of follow-up, the aHR was 1.01 (0.87–1.17). There was no 

significant difference in the likelihood of being prescribed medication for the 

treatment of depression between women who were exposed and unexposed to PPH 

[HR=0.99 (95% CI: 0.95–1.04), including after adjustment for covariates aHR: 1.00 

(95%CI: 0.96–1.04)]. 

Discussion 

To our knowledge, this is the first UK population-wide longitudinal study to date 

investigating mental health outcomes following PPH which includes over 14,000 

episodes of PPH and over 150,000 person years of follow-up. Women who 

experienced PPH were found to be at an increased risk of developing postnatal 

depression and PTSD in the first year after delivery. There were also small increases 

in the risk of having a diagnosis of serious mental illness and anxiety within a year 

following a PPH, although with considerable uncertainty around the estimates. 

Women who experienced PPH, however, were not at a higher risk of developing 

non–pregnancy related depression compared to those who did not experience PPH.  
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Our findings confirm that PPH is associated with an increased risk of postnatal 

depression, while a small previous study in Sweden of 196 women with PPH and 

250 controls had inconclusive results (Eckerdal et al., 2016).  Postnatal depression 

according to the ICD–10 classification occurs within six weeks of giving birth. The 

prevalence of PND depending on the criteria used for diagnosis ranges from 10–

30% (Brummelte and Galea, 2016; Vigod et al., 2010).  A recognized risk factor for 

developing PND is a prior depressive episode. Although we excluded from our 

analysis women with prior mental illness. 

One hypothesis to explain the increased risk of PND could be that there is transient 

increase in stress secondary to PPH often with an increased length of hospital stay 

and comorbidity (anaemia, renal impairment, coagulopathy) which is largely resolved 

by the first six weeks following birth (Carroll et al., 2016). Although not formally 

classed as a severe mental illness outcome, postnatal depression has frequently 

been linked with serious adverse effects on women’s wellbeing and bonding with 

their new-borns. These effects can be long–lasting and impact upon the children’s 

critical years of development. Albeit a rare occurrence, in the most extremely severe 

cases of postnatal depression, cases of infanticide and suicide are reported in 

relation to an acute depressive episode and there is evidence showing increased 

suicidal ideation in general in mothers with postnatal depression (Howard et al., 

2011). 

Our study also confirms the association between PPH and PTSD showing that 

women who had PPH are at more than three times the risk of having a clinical 

diagnosis of PTSD in the first year after childbirth that women who did not 

experience PPH. Considering the associations demonstrated in our findings, the 
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systematic investigation of different mental illness outcomes following childbirth, and 

in particular, those births complicated by a PPH is clearly warranted. 

Strengths and weaknesses 

The findings of this study should be considered in light of its strengths and 

limitations. Due to the linked nature of the dataset this study has several unique 

strengths including its sample size, population–wide coverage, and controlling for 

confounding by using the matched controlled study design and adjusting for a wide 

range of relevant covariates. A major strength is that we accounted for prior 

depression and other mental illness diagnoses in the population, so that a known 

confounding factor was mitigated when investigating outcomes. Investigation of 

diagnosis of mental illnesses and subsequent prescriptions issued for their treatment 

also allowed the outcomes to be investigated by two techniques, strengthening the 

reliability.  

However, when conducting epidemiological studies, the accuracy of such studies 

largely relies upon the accuracy of documentation by the primary and secondary 

care clinicians. There has yet to be a published study validating the ICD–10 codes 

for PPH in UK secondary care. However, our code lists have been selected with the 

support of experts in code list selection, clinicians in primary care and those trained 

in Psychiatry. Additionally, by linking the datasets we aimed to reduce the potential 

bias of misclassification. However, due to difficulties in accounting for measurement 

of blood loss intrinsically linked with the definition of PPH, we were only able to 

identify those women who had the presence of such records. HES data does not 

allow classification of volume of blood loss, only that excessive blood loss of at least 

500mL following birth has been diagnosed. We were also not able to examine the 



 
 

13 

association between PPH and severity of depression and PTSD. Additionally, 

although we were able to control for many important confounding factors, there are 

still other confounders not well recorded in primary care which may be related to 

poor post-natal and mental health outcomes which may include exposure to abuse 

and education status (Joht S. Chandan et al., 2019).  

Implications for research and clinical practice  

There is certainly a group of women at high risk of bleeding, including those with 

placenta praevia or placenta accreta who would be excellent candidates for research 

to prevent harm – interventions which could range from pre-delivery counselling to 

the use of early general anaesthesia if excessive bleeding starts to occur.  

In clinical practice, vigilance in women who have had a PPH needs to be raised and 

assessment for postnatal depression and PTSD should be considered as part of the 

general follow-up strategy given the associated increased risk following PPH.  The 

current NICE guidance gives advice that during each postnatal contact, women 

should be asked about their emotional wellbeing, however we advise that particular 

attention is paid to this subgroup of mothers by clinicians due to their increased risk 

of this kind of mental illness (The National Institute for Health and Care Excellence 

(NICE), 2015). In particular the six-week General Practice postnatal check-up should 

explicitly screen for PTSD and postnatal depression. Written information should also 

be given to women about symptoms that might suggest developing PTSD and 

postnatal depression, and how to access care.   

Conclusion 
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PPH is associated with an increase in the risk of developing postnatal depression 

and PTSD in the year following delivery. Our findings are potentially impactful on 

determining the focus of follow–up by health visitors and primary care clinicians in 

women who had a PPH after childbirth. This group of women should be deemed as 

at an increased risk for postnatal depression and PTSD and careful assessment 

needs to be put in place for early detection and intervention. 

FIGURE LEGENDS 

 

Figure 1: Study flow chart 

Figure 2: Risk of developing mental ill health following post-partum haemorrhage 
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Figure 1. Study flow chart. 

 

 

 

 



 

 

 

 

 

 

Figure 2. Risk of developing mental ill health following post-partum haemorrhage. 

 

 



 

Table 1- Baseline Characteristics 
 

Women with 

PPH (exposed) 

(N=14,109) 

Women without 

PPH (unexposed) 

(N=28,218) 

Age [Mean(SD)] 30.90 (5.72) 30.85 (5.68) 

BMI (kg/m2) 

[Median(IQR)] 

24.1 (21.5-28.0) 23.7 (21.2-27.4) 

BMI categories  [n(%)] 
  

< 18 kg/m2 239 (1.69%) 635 (2.25%) 

18-24 kg/m2 

(reference) 

6,742 (47.79%) 14,015 (49.67%) 

25-29 kg/m2 3,100 (21.97%) 5,711 (20.24%) 

>=30 kg/m2 2,164 (15.34%) 3,717 (13.17%) 

Missing 1,864 (13.21%) 4,140 (14.67%) 

Townsend deprivation 

quintile [n(%)] 

  

1 (reference) 3,341 (23.68%) 6,316 (22.38%) 

2 2,573 (18.24%) 5,035 (17.84%) 

3 3,087 (21.88%) 6,216 (22.03%) 

4 2,741 (19.43%) 5,582 (19.78%) 

5 1,567 (11.11%) 3,349 (11.87%) 

Missing 800 (5.67%) 1,720 (6.10%) 

Smoking Status  [n(%)] 
  

Non-Smoker 

(reference) 

8,473 (60.05%) 16,060 (56.91%) 

Ex-Smoker 2,887 (20.46%) 5,552 (19.68%) 

Smoker 2,409 (17.07%) 5,906 (20.93%) 

Missing 340 (2.41%) 700 (2.48%) 

Baseline Comorbidities 

[n(%)] 

  

Hypertensive disorders 

(pre-eclampsia, 

pregnancy induced 

and pre-existing 

hypertension) 

298 (2.11%) 518 (1.84) 

Hypertensive disorders 

of pregnancy 

(pregnancy induced 

hypertension and pre-

eclampsia) 

128 (0.91%) 227 (0.80%) 



Pre-existing 

hypertension 

186 (1.32%) 306 (1.08%) 

Gestational Diabetes 352 (2.49%) 598 (2.12%) 

Pre-existing diabetes 120 (0.85%) 200 (0.71%) 

Depression 2,110 (14.95%) 4,597 (15.97%) 

Anxiety 1,298 (9.20%) 2,539 (9.00%) 

Post traumatic stress 

disorder 

52 (0.37%) 109 (0.39%) 

History of post natal 

depression 

431 (3.05%) 677 (2.40%) 

Mode of delivery 

[N(%)] 

  

Spontaneous 

(reference) 

5,576 (39.52%) 16,422 (58.20%) 

Caesarean 5,173 (36.66%) 7,020 (24.88%) 

Other delivery 

methods 

3,360 (23.81%) 4,776 (16.93%) 

Ethnicity [N(%)] 
  

Caucasians 

(reference) 

10,949 

(77.60%) 

22,023 (78.05%) 

South-Asians 695 (4.93%) 1,340 (4.75%) 

Afro-Carribeans 502 (3.56%) 894 (3.17%) 

Mixed race 193 (1.37%) 373 (1.32%) 

Other race 490 (3.47%) 953 (3.38%) 

Missing 1,280 (9.07%) 2,635 (9.34%) 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 1- Crude and adjusted hazard rate ratio for mental health outcomes among 
women who were exposed PPH compared to women unexposed to PPH 

  Exposed to PPH Unexposed 

women 

Postnatal 

Depression 
Total N 13,668 27,541 

Outcomes N (%) 731 (5.34%) 1,309 (4.75%) 

Follow up (person-

years) 

65,891 133,446 

Hazard rate ratio 

(95%CI); p-value 

1.13 (1.03-1.23); p=0.009 

Adjusted Hazard rate 

ratio (95%CI); p-value^ 

1.10 (1.01-1.21); p=0.037 

Post-traumatic 

Stress Disorder 
Total N 14,057 28,109 

Outcomes N (%) 28 (0.20%) 49 (0.17%) 

Follow up (person-

years) 

71,565 143,530 

Hazard rate ratio 

(95%CI); p-value 

1.15 (0.72-1.83); p=0.561 

Adjusted Hazard rate 

ratio (95%CI); p-value* 

1.17 (0.73-1.89); p=0.511 

Severe Mental 

Illness 
Total N 14,054 28,086 

Outcomes N (%) 21 (0.19%) 60 (0.21%) 

Follow up (person-

years) 

71,589 143,359 

Hazard rate ratio 

(95%CI); p-value 

0.70 (0.43-1.15), p=0.162 

Adjusted Hazard rate 

ratio (95%CI); p-value* 

0.65 (0.40-1.08); p=0.095 

 

 



 

Anxiety Total N 12,811 25,679 

Outcomes N (%) 662 (5.17%) 1,361 (5.30%) 

Follow up (person-

years) 

     62,975 125,834 

Hazard rate ratio 

(95%CI); p-value 

0.97 (0.88-1.07, p=0.541) 

Adjusted Hazard rate 

ratio (95%CI); p-value* 

0.99 (0.90-1.09); p=0.881 

Depression Total N 11,999 23,711 

Outcomes N (%) 980 (8.17%) 2,096 (8.84%) 

Follow up (person-

years) 

59,954 112,360 

Hazard rate ratio 

(95%CI); p-value 

0.92 (0.86-1.00), p=0.043 

Adjusted Hazard rate 

ratio (95%CI); p-value* 

0.94 (0.87-1.01); p=0.103 

* adjusted for age category, BMI category, smoking status, ethnicity, birth weight 

category, delivery method. 

 
 

 

 


