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Postpartum depression (PPD) is a common and potentially severe disorder, with a global prevalence of 

17%.1   While other causes of maternal mortality are declining, suicide is not and now accounts for nearly a 

third of all maternal deaths.2 PPD has a complex neurobiological pathophysiology, involving factors such as 

neuroinflammation and neurotransmitter alterations.3 Nitrous oxide (N2O) has been used for labour analgesia 

for centuries but up to 30% of women report no perceived analgesia.4,5 Notably, N2O has shown promise as 

a novel rapid-acting antidepressant, a property thought to stem from its modulatory effects on glutamatergic 

signalling and induced neuronal plasticity.6 Depression and pain also share biological pathways and 

neurotransmitters.7 Collectively, these properties of N2O support investigating whether perceived analgesic 

non-responsiveness during labour is associated with a higher risk of PPD.  

We designed an observational prospective cohort study where all women who gave birth at 

the University Hospital of Tampere were screened for eligibility from September 2018 to December 2023, 

and those meeting the inclusion criteria (full-term singleton pregnancy (≥37 weeks of gestation), cephalic 

presentation, sufficient knowledge of Finnish, and newborn not treated in the Neonatal Unit) were 

approached on the first postpartum day. Exclusion criteria were elective caesarean section, aged younger 

than 18 years, and currently taking psychiatric medication. Analgesic responsiveness was assessed as a 

yes/no answer to capture the clinically meaningful distinction between women who did or did not experience 

noticeable analgesia from N₂O. The primary outcome was PPD at 3 months postpartum, which was defined 

as an Edinburgh Postnatal Depression Scale (EPDS) score of ≥11 points,8 using a questionnaire sent to 

participants via e-mail. The study sample size was calculated to be 2,400 participants. The study was 

approved by the Regional Ethics Committee of the Expert Responsibility are of Tampere University Hospital 

(R18080, 3 March 2018), and all participants provided written informed consent. Data were analysed with 

cross-tabulation, χ2 test, and binary logistic regression. Variables for multivariable logistic regression were 

based on a directed acyclic graph (DAG) (www.daggity.net)9 (Figure S1). Missing outcome data were 

handled with complete-case analysis. 

We recruited 1,348 participants for the study. Recruitment had to be terminated early due to a 

significant increase in COVID-19–related reluctance to participate. Follow-up data (3-month EPDS) were 

available for 857 participants, of whom 743 were N2O users and 114 non-users. Of the N2O users, 123 

(16.6%) reported they had not perceived any pain relief from the use of N2O (N2O analgesic non-

http://www.daggity.net/
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responders), and 620 (83.4%) reported perceiving pain relief from N2O (N2O analgesic responders). 

Participant flow through the study is presented in Figure S2.  

At 3 months after labour, 24 (19.8%) N2O analgesic non-responders and 69 (11.2%) 

responders had PPD (p = 0.009) (Table S1). In multivariable analysis based on the DAG model, prior 

depressive history was the strongest predictor of PPD (OR 4.24, 95% CI 2.66–6.78, p < 0.001). The 

connection between N2O analgesic non-responsiveness and PPD remained after adjusting for prior 

depression and fear of childbirth (adjusted odds ratio 1.90, 95% CI 1.11–3.23, p = 0.019) (Figure 1). 

Univariate and multivariable odds ratios are presented in Table S2. Among N2O non-users, 17 (14.9%) 

participants and among all N2O users 93 (12.5 %) participants (p = 0.476) had PPD at 3 months. 

We found that women who did not perceive pain relief from N2O during labour were more 

likely to develop PPD at 3 months postpartum than those who did. This association remained significant in 

multivariable logistic regression after adjusting for prior depression and fear of childbirth. The cohort was 

representative because 14.9% of non-N2O users had PPD, which is in line with the previous literature.10 N2O 

use in labour and subsequent PPD have been evaluated previously in two studies with conflicting result for 

the association between N2O use and PPD.11,12 However, neither study focused on the analgesic response 

and instead concentrated on overall N2O use.  

There are multiple potential explanations for the putative connection between non-analgesic 

response to N2O and PPD. It could represent a neurobiological vulnerability among non-responders 

increasing their susceptibility to PPD. Analgesic responsiveness may also reflect an overall responsiveness 

to N2O, if N2O exerted a prophylactic antidepressant effect. Dosing regiments were not measured in our 

study, and analgesic responsiveness could therefore represent a higher received dose. However, the same 

dosing regimen of N2O does not seem to produce uniform effects across individuals, highlighting the 

substantial variability in analgesic, antidepressant and neurobiological responses.13  

N2O may have anxiety-relieving properties, which may confound its analgesic effect. The 

subjective effects of N2O are complex and can vary from relieving anxiety to inducing it.14 Pain 

catastrophising may also have altered perceived analgesic response and predisposed to PPD. Previous 

depressive history was not an exclusion criterion to maintain generalisability of the results but was included 

in the adjusted model. However, residual confounding cannot be excluded. Use of epidural analgesia 

differed between groups in our study, with non-responders using more epidural analgesia. Epidural use was 
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not included in the adjusted model to avoid collider bias, as it may represent escalation of analgesia after 

poor perceived response from N2O. However, epidural use may reflect a more complex birth or a negative 

childbirth experience15, which were not measured in our study.  

The strengths of this study include the novel hypothesis, prospective study design, and large 

sample size. Major limitations include the lack of measurements for anxiety, catastrophising, exact exposure 

times, and dosing. Furthermore, perceived analgesic responsiveness was assessed binarily with a 24-h 

delay.  Moreover, PPD was not diagnosed formally in the study, because the EPDS is a screening tool, not a 

diagnostic instrument.  

In conclusion, women who experienced no pain relief from N2O had higher rates of PPD at 3 

months postpartum. This result should be regarded as hypothesis-generating, as the data does not allow for 

differentiation of the underlying mechanisms. We suggest confirming results with studies including dosage 

measurements and psychiatric evaluation.  
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Figures 

 

 

 

 

Figure 1. Adjusted odds ratios (aOR) and 95% confidence intervals for predictors of the presence of 

postpartum depression (PPD) at 3 months after childbirth, where PPD was defined as an Edinburgh 

Postnatal Depression Scale score ≥ 11 points. Predictors included fear of childbirth, prior depression 

(defined as a yes-answer to ever having had physician-led care for depression in their lifetime), and N2O 

analgesic non-responsiveness compared with analgesic responsiveness. Vertical black line represents OR = 

1 (no increased risk). 
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Supplementary Figures 

 

Figure S1. Exploratory directed acyclic graph (DAG) illustrating the hypothesised connection between N2O 

analgesic non-responsiveness, and postpartum depression. Exposure (N2O analgesic non-responsiveness) 

is marked with a green circle and the outcome of postpartum depression (PPD) with a blue circle marked “I”. 

Red circles represent ancestors of both exposure and outcome, which serve as variables to control or adjust 

for prior depression and fear of childbirth. Blue circles represent ancestors of outcomes. Red arrows indicate 

possible confounding associations between exposure and outcome, and green arrows represent causal 

paths.  
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Figure S2. Participant flow through the study.  
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Supplementary Tables 

Table S1. Characteristics of nitrous oxide users in the study 

 

 

a SD, standard deviation, b BMI, body mass index, c Q1, 25th percentile; Q3, 75th percentile, d EPDS ≥ 11 point 

 

  

  total non-responder responder  

  n % n % n % p 

  743 100 123 16.6 620 83.4  

Demographic  Age in years  

(mean, SD a) 

30.9 4.6 30.6 4.9 30.8 4.3 0.572 

 BMI b (median,   

Q1 – Q3 
c) 

24.1 22.6– 

28.0 

23.9 22.3– 

27.2 

24.2 21.7– 

28.2 

0.562 

 Education ≤ 12 years 245 33.2 46 38.3 199 32.3 0.196 

 Unemployed 33 20.1 5 13.5 28 22.0 0.255 

 Single parent 11 1.5 3 2.6 8 1.3 0.299 

 Partner violence  17 2.4 1 0.9 16 2.7 0.253 

Depression Physician-treated for 

depression ever 

136 18,3 27 22.0 109 17.6 0.256 

 Lifetime use of 

antidepressants 

77 10.4 9 7.3 68 11.0 0.223 

 Non-pharmacological 

treatment in current 

pregnancy 

44 5.9 6 4.9 38 6.1 0.589 

Pregnancy Gestational diabetes 104 14.1 14 11.6 90 14.6 0.383 

 Gestational 

hypertension 

39 5.3 7 5.8 32 5.2 0.788 

 IVF 33 5.0 8 7.3 25 4.6 0.225 

 Primiparous 342 51.7 72 64.9 270 49.1 0.002 

 Fear of childbirth  61 8.2 8 6.5 53 8.6 0.448 

Delivery Induction for labour 234 35.6 47 43.1 187 34.1 0.073 

 Total blood loss ≥ 1000 

ml 

69 10.5 11 10.1 58 10.6 0.878 

 Vaginal delivery 541 73.3 85 70.2 456 73.9 0.406 

 Vacuum extraction 

assisted delivery 

75 10.2 17 14.0 58 9,4 0.122 

 Emergency section 41 5.6 7 5.8 34 5.5 0.904 

 Use of epidural 452 68.8 85 78.0 367 67.0 0.023 

Postpartum 

depression 

Depression at 3 

months postpartum d 

93 12.6 24 19.8 69 11.2 0.009 
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Table S2. Univariate and multivariable odds ratios (OR) and 95% confidence intervals (CIs) for postpartum 

depression 

 Univariate   Multivariable  

 OR 95% CI P-value  OR 95% CI P-value 

N2O analgesic 
responsiveness 

       

  Yes 1    1   
 No 1.97 1.18 – 3.28 0.010  1.90 1.11 – 3.23 0.019 

Prior depression        

  No 1    1   

 Yes 4.88 3.18 – 7.50 <0.001  4.24 2.66 – 6.78 <0.001 

Fear of childbirth        

  No 1    1   

 Yes 1.56 0.81 – 3.02 0.185  1.24 0.59 – 2.66 0.550 

 

 


