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Abstract 

Background Being exposed to crises during pregnancy can affect maternal health through stress exposure, 
which can in return impact neonatal health. We investigated temporal trends in neonatal outcomes in Switzerland 
between 2007 and 2022 and their variations depending on exposure to the economic crisis of 2008, the flu pandemic 
of 2009, heatwaves (2015 and 2018) and the COVID-19 pandemic.

Methods Using individual cross-sectional data encompassing all births occurring in Switzerland at the monthly level 
(2007-2022), we analysed changes in birth weight and in the rates of preterm birth (PTB) and stillbirth through time 
with generalized additive models. We assessed whether the intensity or length of crisis exposure was associ-
ated with variations in these outcomes. Furthermore, we explored effects of exposure depending on trimesters 
of pregnancy.

Results Over 1.2 million singleton births were included in our analyses. While birth weight and the rate of stillbirth 
have remained stable since 2007, the rate of PTB has declined by one percentage point. Exposure to the crises led 
to different results, but effect sizes were overall small. Exposure to COVID-19, irrespective of the pregnancy trimester, 
was associated with a higher birth weight (+12 grams [95% confidence interval (CI) 5.5 to 17.9 grams]). Being exposed 
to COVID-19 during the last trimester was associated with an increased risk of stillbirth (odds ratio 1.24 [95%CI 1.02 
to 1.50]). Exposure to the 2008 economic crisis during pregnancy was not associated with any changes in neonatal 
health outcomes, while heatwave effect was difficult to interpret.

Conclusion Overall, maternal and neonatal health demonstrated resilience to the economic crisis and to the 
COVID-19 pandemic in a high-income country like Switzerland. However, the effect of exposure to the COVID-19 
pandemic is dual, and the negative impact of maternal infection on pregnancy is well-documented. Stress exposure 
and economic constraint may also have had adverse effects among the most vulnerable subgroups of Switzerland. To 
investigate better the impact of heatwave exposure on neonatal health, weekly or daily-level data is needed, instead 
of monthly-level data.
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Introduction
Neonatal health is a major public health concern: it 
reflects the overall health and well-being of a population 
[1, 2]. It is therefore crucial to understand how it changes 
over time and which factors influence it the most. Neo-
natal health in a population can be assessed by indicators 
such as the proportion of stillbirth, preterm birth (PTB) 
or neonatal mortality, or by the average size and weight 
of newborns. These parameters can then be used to pre-
dict postnatal health and even long-term health out-
comes, such as mortality and the likelihood of developing 
various health problems, including hypertension or car-
diovascular diseases [3, 4].

Birth weight is extensively used as a proxy to estimate 
neonatal health and population health in general [5]. It is 
known to influence infant mortality and morbidity [6, 7], 
and can vary depending on genetics and/or lifestyle of the 
mother. Maternal infections occurring during pregnancy 
can also affect birth weight as well as risks of PTB and 
stillbirth [8–10]. PTB is a major determinant of neona-
tal health: it is the leading cause of neonatal mortality in 
otherwise healthy neonates, and premature infants are at 
a higher risk of developing diseases [11]. Risks of sponta-
neous PTB include a previous PTB [12], older age [13] or 
ethnicity [14], and are more common for multiple and/or 
technology-assisted pregnancies [12]. A third of all PTB 
are iatrogenic: these are elective due to maternal or foetal 
complications [15]. PTB is also associated with long-term 
negative outcomes such as cardiac, respiratory and neu-
rodevelopmental impacts [16].

There are reports of minor birth weight increases in 
the second half of the  20th century [17], but more recent 
variations are country-dependent [17–21]. In Europe, 
recent PTB time trends are also heterogeneous [22–24], 
but globally, PTB rates barely changed between 2010 and 
2020 [16, 25]. High income countries (HICs) are also con-
cerned, with the US being the  6th country with the high-
est PTB rate worldwide [25]. Stillbirth rates in Western 
Europe and North America dramatically declined from 
the late 1930s, thanks to improved antenatal and intra-
partum care and to the introduction of antibiotics [26]. 
In 2019, stillbirth rate was 2.9/1000 births in Western 
Europe: this is 26% lower than in 2000 [27], and this pat-
tern is similar among HICs [27, 28]. However, this declin-
ing stillbirth rate has been slowing down recently [29].

When pregnant women are exposed to crises such as 
wars, pandemics or economic depressions, adverse neo-
natal health outcomes can occur more frequently, due to 
stress [30]. For instance, exposure to heatwaves report-
edly makes pregnancies more vulnerable to PTB and still-
birth [31–33], while their impact on birth weight is still 
unclear [34]. Economic uncertainty may also indirectly 
influence neonatal health: during the economic crisis 

of 2008 (thereafter called the Great Recession) and its 
aftermaths, pregnancy outcomes worsened [35, 36], but 
aggregated-level studies fail to reach consistent results 
[37]. The Dutch famine of 1944-45 had immediate con-
sequences on birth weight [38] and long-lasting conse-
quences on the offspring of mothers who were exposed to 
it during pregnancy [39]. During the 1918 flu pandemic, 
higher rates of low birth weight (LBW i.e. birth weight 
<2’500g) [40], stillbirth and neonatal mortality were also 
reported [41]. Interestingly, birth cohorts exposed to 
this pandemic in utero had a shorter height and a lower 
socioeconomic status later on [42, 43]. The impact of 
the Coronavirus disease 2019 (COVID-19) pandemic on 
pregnancies is still unclear, but studies suggest that the 
mental health of pregnant women has worsened [44, 45], 
with up to 12% of pregnant women in Switzerland pre-
senting depression- and anxiety-like symptoms during 
the pandemic [46]. Regarding effects on neonatal health, 
a meta-analysis reported a small increase in birth weight 
during the pandemic, while rates of LBW and macroso-
mia were unchanged [47].

Switzerland is a HIC with interesting specificities: with 
four national languages and the presence of alpine areas 
with elevated residential altitude, this country has a rich 
cultural, behavioural and topographical diversity. Data 
from the Swiss Federal Statistical Office (FSO) seem to 
indicate that neonatal health has not improved and even 
slightly worsened over the last decades, with crude LBW 
rates increasing from 6% to 6.5% between 2000 and 2015 
[48]. Crude stillbirth rates were steadily declining until 
the mid-1980s, but no further improvement has been 
achieved since then, with a rate now oscillating between 
3.5 and 4.5 per 1’000 births [49]. Birth weight and ges-
tational age variations were recently studied at a spatial 
level encompassing 705 areas (called MedStat regions). 
Language region accounted for 23% variation of ges-
tational age and 62% of variation in birth weight, with 
longer gestational duration and higher birth weight in 
German-speaking areas [50].

Although spatial variation in birth weight and gesta-
tional age in Switzerland has been studied, time trends 
and stillbirth rates have not yet been explored [50]. Fur-
thermore, it is unclear whether recent periods of crises 
affected the country. The objective of our study is to 
explore the temporal trends in birth weight, stillbirth 
and PTB rates, using cross-sectional data on all births 
that occurred in Switzerland between 2007 and 2022. 
We focus on three types of crisis: an economic depres-
sion, heatwaves, and pandemics. It is important to assess 
whether these recent periods of crises were associated 
with variations in neonatal health, as adverse in utero 
environment may be associated with long-term negative 
health outcomes [3, 4] and even increased mortality [51]. 
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We additionally evaluate whether crisis effect on neonatal 
health depends on the pregnancy trimester of exposure.

Methods
Data sources
This study uses routinely collected data from the FSO. The 
data set covers all births that occurred between 1987 and 
2022 in Switzerland, at the monthly and municipality level. 
Due to data-anonymity rules, it was not possible to obtain 
data at the weekly level. We used data from 2007 because 
gestational age was only systematically recorded from that 
year onwards. The data were provided by the FSO in a fully 
anonymized form upon a contractual agreement. Infor-
mation regarding language region, urbanity and altitude 
of maternal municipality, as well as the annual number of 
permanent Swiss residents were obtained from the FSO 
websites [52, 53]. According to the Human Research Act, 
no ethical clearance is required when working with fully 
anonymized governmental data [54].

Exclusions criteria
Between 2007 and 2022, the database contained 
1’517’751 births. Of these, we kept births that took 
place in Switzerland and for which gestational age was 
recorded (n=1’365’805). We then excluded births from 
mothers without a permanent resident status (n=43’401, 
comprising of short-term residents, asylum-seekers or 
persons working in Switzerland but living in another 
country), multiple pregnancies (n=46’666), and missing 
birth weight (n=263). Cases where either birth weight 
<500 grams (g) or gestational age <22 weeks were also 
excluded (n=633), since these are classified as miscar-
riages and not stillbirths. This implies that cases where 
birth weight was <500g were kept as long as gestational 
age was >22 weeks, because these classify as stillbirths. 
We also excluded missing or unlikely birth length (<20cm 
or ≥65cm, n=216) and birth weight values (<100g or ≥7 
500g, n=11), and those with a large discrepancy between 
birth weight and gestational age (birth weight >2’000g 
and gestational age <23 weeks, or birth weight <500g and 
gestational age >35 weeks, n=21). Births from mothers 
aged over 50 years old were excluded as well (n=146), 
because they have much higher risks of adverse preg-
nancy outcomes [55]. They are also much more likely 
to give birth by caesarean section [56], and our dataset 
does not include information about delivery mode. The 
final dataset for the analysis of stillbirth analysis included 
1’274’449 births. From this dataset, 4’863 stillbirths were 
excluded to explore birth weight and PTB outcomes, 
resulting in 1’269’586 livebirths. A flowchart of exclusion 
steps can be seen in Supplementary (Suppl.) Figure S1.

Main outcome variables
We examined three outcome variables: birth weight (con-
tinuous, in grams), PTB rate (<37 completed weeks of 
gestation) and stillbirth rate (either gestational age ≥22 
weeks or birth weight ≥500g). Birth weight is usually 
measured in the first hour after birth using a calibrated 
scale. For more than 20 years, ultrasound scan has been 
routinely performed to determine gestational age in 
almost all pregnancies in Switzerland before 12 weeks of 
gestation. Information on birth weight and gestational 
age is collected by the hospitals and midwives by filling in 
a form [57] which is then entered into the FSO database.

Explanatory variables
The following covariates which were expected to be 
associated with the outcomes were used in the analy-
ses. Maternal age (in years) was included as a continu-
ous individual-level variable. In addition, we included 
continuous ecological variables based on the municipal-
ity in which the mother was living at the time of deliv-
ery: altitude (in meters above sea level (MASL) based on 
mean altitude of all residential buildings of the munici-
pality), and mean Swiss neighbourhood index of socio-
economic position (SSEP 2.0) developed by the Institute 
for Social and Preventive Medicine at the University of 
Bern [58]. The SSEP is a high-resolution area-based index 
that allows studying SEP when individual-level informa-
tion is missing. In our dataset, SSEP ranges from 23.6 to 
86.7 index points, with higher index indicating higher 
SSEP. Regarding categorical variables, maternal nation-
ality was categorized as Swiss, African, Asian, non-Swiss 
European, Northern American, Southern and Central 
American, missing and Oceanian. As the proportion of 
women from Oceania was very small, it was not consid-
ered a separate category and was included in the “miss-
ing” category. Civil status was categorized as single vs. 
married/in a registered partnership, parity as 1, 2, 3 or 
>3 and neonatal sex as male vs. female. At the ecological 
level, we included urbanity (urban vs. rural region) and 
language region (German/Romansh-, French- or Italian-
speaking Switzerland) as categorical variables, based on 
maternal municipality of residence using official FSO cat-
egorisations. Language region roughly reflects cultural, 
behavioural, as well as dietary, smoking or alcohol con-
sumption patterns [50].

Exposure variables of interest
Month and year of birth were used as a continuous 
numerical variable from January 2007 to December 2022, 
adding up to a total number of 192 months. We exam-
ined four crises, namely heatwaves (2015 and 2018), 
the Great Recession (2008/2009), the H1N1 influenza 



Page 4 of 17Le Vu et al. BMC Pregnancy and Childbirth          (2024) 24:218 

pandemic (2009/2010) and the COVID-19 pandemic 
(from 2020). Heatwaves: the two most significant heat-
waves during the studied period occurred in July 2015 
and August 2018 [59]. As our temporality is only at the 
monthly level, we used monthly information and do not 
consider heatwaves’ duration nor temperatures reached. 
We assume that the effect of both heatwaves on neona-
tal health is comparable and therefore we combine the 
two heatwaves under the variable “heatwave exposure”. 
This dummy variable takes the value 1 if the mother was 
pregnant during a heatwave (in any month of pregnancy), 
and 0 otherwise. For the other three crises, which lasted 
longer than one month, we created relative continuous 
exposure variables. Great Recession: the economic crisis 
lasted six months (2008-10 to 2009-03) [60]. The number 
of pregnancy months overlapping with the Great Reces-
sion was summed up for each birth, then divided by ges-
tational age at birth and normalized between 0 and 1. 
Flu pandemic: the crisis lasted 4 months (from 2009-10 
until 2010-01 [61]). The flu exposure variable was con-
structed in the same way as for the Great Recession. The 
Great Recession and flu pandemic variables therefore 
quantify the duration of crisis exposure, relative to the 
total pregnancy duration. We chose exposure relative to 
pregnancy duration rather than absolute exposure (total 
number of months of pregnancy that overlapped with 
a crisis): infants with the shortest gestational duration 
were also exposed to the crisis for a smaller time period. 
If we do not adjust for pregnancy duration we risk see-
ing that the longer crisis exposure is, the less risk there 

is to have adverse pregnancy outcomes (stillbirth, lower 
birth weight, PTB). COVID-19 pandemic: the pandemic 
hit Switzerland in early 2020. As a proxy for COVID-19 
exposure, we used the number of COVID-19 hospitalisa-
tions that occurred in Switzerland. Data on weekly hospi-
talisations from 2020-02 to 2022-12 were retrieved from 
the FSO [62] and aggregated at the monthly and national 
level. The number of hospitalisations that occurred in 
the country during each month of a woman’s pregnancy 
was summed, then divided by gestational duration and 
normalized between 0 and 1. The COVID-19 variable 
therefore quantifies the intensity of exposure per preg-
nancy month. The distribution of the crisis variables is 
displayed in Fig. 1.

Models
Univariable models
We used Generalized Additive Models (GAMs) to 
model the variations of neonatal health over time, as 
this class of models allows for non-linear associations. 
We investigated the relationship between the exposure 
variable time (date of birth, modelled by a thin plate 
regression spline), and the outcome variables birth 
weight, PTB rate and stillbirth rate, separately. We 
used a Gaussian family for the birth weight outcome 
model, and a logistic family with a log link for the PTB 
and stillbirth outcome models. Furthermore, univari-
able GAMs explaining birth weight and PTB were also 
stratified by neonatal sex, maternal nationality, SSEP 
or language region of the maternal place of residence. 

Fig. 1 Exposure to each crisis based on birthdate. Apart from heatwave which is a dummy variable (=1 when the mother was exposed 
to a heatwave at any time during pregnancy), the other exposure variables represent continuous and relative exposure to the crisis per month 
of pregnancy
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For SSEP stratification, tertiles groups were defined: low 
(<54.80), medium (54.8-62.15), and high (>62.15) SSEP. 
The stillbirth-outcome model was not stratified, since 
the monthly number of stillbirth events was too low at 
the monthly level.

Multivariable models
Multivariable GAMs were used to assess the associa-
tion between crisis exposure and the outcome variables 
while adjusting for key variables. All regression models 
were adjusted for the following explanatory variables: 
maternal age, nationality, civil status, neonatal sex, sea-
sonality, time (date of birth), urbanity, language region, 
altitude and SSEP. Birth weight and PTB outcome vari-
able models were additionally adjusted for parity (this 
variable was not available for stillbirth cases and not 
included in the stillbirth model). For the stillbirth model, 
maternal nationality was only categorized between Swiss 
or non-Swiss mothers, because of the low number of 
events. Variables on crisis exposure were included in all 
models. Since the timing of the Great Recession and the 
flu pandemic overlapped (see Fig. 1), we do not include 
both crises in the same model. The main models include 
the exposure variables heatwaves, Great Recession, and 
COVID-19 pandemic. Models with heatwaves, flu and 
COVID-19 pandemic are displayed in Suppl. material.

As the relationship between time (date of birth) and 
each outcome was linear in the univariable models (with 
a lower Bayesian information criterion -BIC- indicat-
ing a better fit), time variable was set as a linear term in 
the multivariable models. Maternal age and seasonality 
(birth month) were included as non-linear terms (imple-
mented as thin plate regression splines and a cyclic cubic 
spline, respectively - see Suppl. material for more infor-
mation on model parametrization). As gestational age 
is an intermediate variable on the causal path between 
the exposure variable (crisis) and the outcome variable 
(birth weight or stillbirth), adjusting or stratifying for 
gestational age in the birth weight or stillbirth regression 
models may induce bias [63–65]. Any unmeasured fac-
tor that potentially affects both gestational age and birth 
weight or likelihood of stillbirth (for instance, maternal 
comorbidities or smoking during pregnancy) may induce 
collider bias [64]. Therefore, we did not adjust the birth 
weight and the stillbirth-outcome models for gestational 
age, nor the PTB outcome model for birth weight. As the 
study sample is very large, the probability to find signifi-
cant differences in our analyses is high. Reporting effect 
sizes allows to better assess the strength of a relationship 
between two variables and not only whether the associa-
tion is significant or not. Thus, we report effect sizes (as 
Cohen’s d) along with p-values, for the linear and cat-
egorical variables. Cohen’s d values >0.1, >0.3, >0.5 are 

respectively considered small, moderate and large effect 
sizes. For the non-linear terms, we display both the graph 
showing their association with the outcome variable, as 
well as the p-value, as it is not possible to summarize the 
effect size with one number for these variables. As an 
example, the birth weight outcome model equation can 
be seen in the Suppl. material (Equation E1).

Trimester effect
We ran additional analyses to investigate the effects 
of exposure to a crisis occurring in the most vulner-
able timings, i.e. first trimester  (1st –  3rd month) or last 
trimester of pregnancy [66–68]. The last trimester gen-
erally corresponds to months 7-9. For the few pregnan-
cies that lasted only two trimesters (gestational age <26 
weeks, approx. 0.2% of cases), the last trimester then 
corresponds to pregnancy months 4 to 6. For the Great 
Recession and the flu, the number of months during the 
first trimester (0, 1, 2 or 3) which overlapped with either 
crisis was summed up and normalized between 0 and 
1. For COVID-19, the number of hospitalisations which 
occurred during the first trimester was summed up, then 
normalized between 0 and 1. The same process was fol-
lowed for last-trimester exposure. We built two models 
for each outcome variable: one for first-trimester expo-
sure, and one for last-trimester exposure. Each model 
was adjusted for the same covariates than the main mod-
els. For an example, see Suppl. material (Equation E2).

Sensitivity analyses
Our dataset contains a non-negligible number of repeat 
pregnancies (i.e., the same mother giving birth several 
times in the dataset). As we cannot adjust for this due to 
data confidentiality, we did a sensitivity analysis with first 
parities only, for birth weight and PTB outcome varia-
bles. To assess the reliability of our findings derived from 
models analysing birth weight as a continuous outcome, 
we did a sensitivity analysis using birth weight as a binary 
outcome: LBW (<2’500g).

All models are summarized in Table S14.

R version and packages
R version 4.3.2 was used [69]. GAMs were built with 
mgcv package [70].

Results
Characteristics of the studied population
Between 2007 and 2022, 1’517’571 births were recorded 
in Switzerland. The maternal and neonatal character-
istics of this population can be seen in Suppl. Table S1. 
After exclusion criteria (see Figure S1) we ended up with 
1’274’449 singleton births in our analyses modelling still-
birth cases (whole time-period characteristics displayed 
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in Table  1, while yearly characteristics are displayed in 
Tables S2-3 and Figure S2). The distribution of parity 
remained stable during the time period (Figure S2 A). We 
noticed that the share of women giving birth to single-
tons in German-speaking Switzerland (the country’s big-
gest area) decreased from 76.5% in 2007 to 71.0% in 2022, 
while the one from French-speaking Switzerland increased 
by 6.6 percentage points over the same period (Figure 
S2C). Most births were given by Swiss mothers, but their 
share declined from 65.1% to 60.7% between 2007 and 
2022. Singleton neonates kept a rather constant mean 
birth weight, oscillating around 3 325g, with a mean ges-
tational age of 39.3-39.4 weeks (Table S2, Figure S3D-E). 
Stillbirth rate slightly changed over the years without any 
discernible pattern (Figure S2G). The mean rate of PTB 
declined over the years, from 5.9% to 5.1% in 2022 (Figure 
S2H). LBW rate was at its lowest during the last four years 
under study (Figure S2I). To study birth weight and PTB 
outcome, we excluded stillbirth cases (n=4’863), result-
ing in the 1’269’586 livebirths (Table S3). Yearly birth rate 
among permanent residents was on an increasing trend 
between 2007 and 2016, from 9.86 to  10.50/1’000  inhab-
itants, but then declined until 2020. It increased back in 

2021 to 10.28/1’000  inhabitants but reached its lowest rate 
of the whole time period in 2022 (Table S4, Figure S4).

Neonatal health trend over the years and under crises 
exposure
Birth weight
The univariable GAM shows that birth weight varied 
very little between 2007 and 2022 (Fig.  2A). Stratifica-
tions by sex, SSEP, language region and maternal nation-
ality (Fig. 2A-E) display similar trends: birth weight was 
virtually constant over the time period. During periods 
of crises, we do not see any shift in birth weight, except 
for a minor upward trend towards the end of the time 
trend, which partly overlaps with the COVID-19 pan-
demic. However, we see systematic subgroup differences. 
For instance, stratification by SSEP reveals that birth 
weight oscillated around slightly different values depend-
ing on SSEP tertile: 3’320, 3’340 and 3’350g for the low-
est, medium and highest tertiles, respectively (Fig.  2C). 
Babies in German-speaking Switzerland were heavier 
than their counterparts in French- and Italian-speaking 
regions (Fig.  2D). Table  2 shows the adjusted results of 
the birth weight GAM. When mothers were exposed to a 

Table 1 Maternal and neonatal characteristics of the analysed population (including stillbirths)

1 n (%); Mean (SD)

Maternal characteristics Maternal characteristics

Variable N  = 1,274,449 1 Variable N  = 1,274,4491

parity civil status

 1 626,129 (49%)  married 982,708.0 (77.1%)

 2 464,044 (36%)  single 291,741.0 (22.9%)

 3 139,646 (11%) maternal age (years) 31.4 (5.0)

 >3 39,767 (3.1%) mean SSEP 58.2 (8.6)

 missing 4,863 (0.4%)  missing 205 (<0.1%)

urbanity mean altitude 536.9 (185.5)

 rural 646,138 (51%)  missing 205 (<0.1%)

 urban 628,106 (49%) Neonatal characteristics
 missing 205 (<0.1%) birth weight (g) 3,325.2 (523.2)

language region sex

 German or Romansh 911,143.0 (71.5%)  male 655,640.0 (51.4%)

 French 318,553.0 (25.0%)  female 618,809.0 (48.6%)

 Italian 44,548.0 (3.5%) gestational age (weeks) 39.4 (1.8)

 missing 205 (<0.1%) gestational age category

maternal nationality  term 1,204,114.0 (94.5%)

 Switzerland 782,480.0 (61.4%)  preterm  (<37 weeks) 70,335.0 (5.5%)

 Europe 373,904.0 (29.3%) living status

 Asia 44,915.0 (3.5%)  livebirth 1,269,586.0 (99.6%)

 Africa 37,187.0 (2.9%)  stillbirth 4,863.0 (0.4%)

 Southern and Central America 22,910.0 (1.8%) birth weight category

 Northern America 7,474.0 (0.6%)  normal BW 1,214,013.0 (95.3%)

 missing or Oceanian 5,579.0 (0.4%)  low birth weight (<2’500g) 60,436.0 (4.7%)
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heatwave or to COVID-19 during pregnancy, birth weight 
was slightly higher (9.0g [95% confidence interval (CI) 
6.0 to 12.0]) and 11.7g [95%CI 5.5 to 17.9], respectively), 
whereas it was lower when the mother was exposed to 
the Great Recession (-9.6g [95%CI -18.3 to -1.0]). How-
ever, Cohen’s d for all crises variables is virtually 0, indi-
cating that the effect sizes were very small. Male neonatal 
sex and maternal increasing parity were associated with 
higher birth weight, while maternal nationality also has 
an influence. Each 100 MASL increase in altitude was 

associated with lower birth weight. The association 
between birth weight and the smoothed variables can 
be seen in Figure S5. Youngest and oldest (<20 or >40 
years old) maternal age was associated with a lower birth 
weight compared to middle-aged mothers (Figure S5A). 
The LBW outcome models are mostly consistent with 
these findings (Figures S11, 12, Table S9), depicting only 
a very small decline in the rate of LBW from 2015 (Fig-
ure S11A), while infants born in municipalities belong-
ing to the lowest SSEP tertile also had the highest LBW 

Fig. 2 Association between birth weight and birth date from a GAM. All models are univariable. A unstratified. The other graphs are stratified by: 
sex (B), SSEP (C), language-region (D), and maternal nationality (E)
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rate (Figure S11C). LBW rate was increasing through 
time among women from Southern and Central America 
(Figure S11E); this is also reflected by the declining birth 
weight trend in Fig. 2E. However, very few women were 
from these regions (<2%, see Table  1). Interestingly, we 
also find that there was a 0.5% increase and subsequent 
decrease of LBW rate in French-speaking Switzerland, 
between 2007 and 2022 (Figure S11D). Regarding the cri-
ses, only heatwave exposure was significantly associated 
with a lower LBW risk (Table S9).

Preterm birth
Preterm birth univariable GAM displays a small and con-
tinuous downward trend through time, from 5.7% in 2007 
to 4.9% in 2022 (Fig.  3A). This trend is consistent in all 
stratified GAMs (Fig. 3B-E), except for an increasing PTB 
risk among babies from Southern and Central American 
mothers (Fig. 3E). As for birth weight, systematic differ-
ences remain over time, with for instance females being 
less likely to be born before term than males (Fig. 3B).

In the multivariable GAM, exposure to a heatwave is 
associated with a lower probability of PTB, with an odds 

ratio (OR) of 0.85 [95%CI 0.82 to 0.87] and a Cohen’s d of 
0.09, depicting a small effect size (Table 3). Exposure to 
the Great Recession or to COVID-19 are not associated 
with a change in PTB risk. Concerning the other covari-
ates that we adjusted on, male neonatal sex, first parities 
and single mothers have higher PTB risk. Youngest and 
oldest maternal age (<20 or >40 years old) (Figure S6 A) 
are associated with higher risks of PTB.

Stillbirth
There is no evidence that stillbirth rate significantly var-
ied through time (3.9‰ to 3.8‰) (Fig. 4).

Exposure to a heatwave is associated with a lower risk 
of stillbirth: OR 0.77 [95%CI 0.69 to 0.86], but we do not 
find evidence that exposure to the Great Recession or 
to the COVID-19 pandemic had a significant impact on 
stillbirth (Cohen’s d are very close to 0, Table 4). Higher 
SSEP was associated with a lower stillbirth probabil-
ity, while infants from mothers who were single, living 
in French-speaking Switzerland or who did not have 
the Swiss nationality had a higher risk of being stillborn 
(Table 4).

Table 2 Birth weight linear regression GAM (model 1.1)

95%CI: 95% Confidence interval, lci: lower confidence interval, uci: upper confidence interval, d: Cohen’s d. Cohen’s d >0.1, >0.3, >0.5 are respectively considered small, 
moderate and large effect sizes. Great Recession and COVID-19 exposure variables are relative to pregnancy duration (values between 0 and 1). SSEP scale goes from 
23.6 to 86.7, by 10 points increase

95% CI (g)

Variable Category beta lci uci d pvalue

Heatwave (ref: 0) 1 9.02 6.02 12.02 0.01 <0.0001

Great Recession (continuous) -9.63 -18.25 -1.01 0.00 0.03

COVID (continuous) 11.67 5.47 17.88 0.00 <0.001

Time (by month) 0.04 0.01 0.06 0.00 <0.01

SSEP (/10 points) 4.55 3.43 5.68 0.01 <0.0001

Altitude (/100m) -6.99 -7.50 -6.48 0.02 <0.0001

Parity (ref: 1) 2 123.41 121.46 125.36 0.11 <0.0001

3 163.35 160.37 166.33 0.10 <0.0001

>3 188.44 183.28 193.60 0.06 <0.0001

Sex (ref: male) Female -132.26 -133.99 -130.52 0.13 <0.0001

Urban (ref: rural) Urban 2.07 0.25 3.89 0.00 0.03

Language region (ref: German) French -52.98 -55.09 -50.87 0.04 <0.0001

Italian -89.20 -94.06 -84.33 0.03 <0.0001

Maternal nationality (ref: Swiss) Africa 11.90 6.65 17.15 0.00 <0.0001

Asia -58.83 -63.60 -54.06 0.02 <0.0001

Europe 27.09 25.11 29.07 0.02 <0.0001

Northern America 71.72 60.35 83.09 0.01 <0.0001

Southern/Central America 5.58 -0.99 12.16 0.00 0.10

Civil status (ref: married) Single -37.88 -40.03 -35.73 0.03 <0.0001

Smooth variables
Maternal age (years) <0.0001

Seasonality (month) <0.01

n=1’263’853
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Neonatal health during crises: trimester effect
Higher exposure to the COVID-19 pandemic dur-
ing the last trimester was associated with an increase 
in birth weight (16.8 g, [95%CI 10.7 to 23.0], Table 5). 
However, heatwave exposure during the last trimes-
ter was associated with a lower birth weight (-10.8 
g, [95%CI -15.8 to -5.9], Table  5): this is inconsist-
ent with the main birth weight model (Table  2). Still, 
Cohen’s d effect sizes are rounded to 0, showing that 
although some associations are significant, their effect 

sizes are very small. Using LBW as an outcome, we 
find that only last-trimester exposure to COVID-19 
was significantly associated with a slightly lower risk 
of LBW (Table S10), thus matching with the higher 
mean birth weight reported in Table 5. The aforemen-
tioned finding of a lower PTB risk when the mother 
was exposed to a heatwave during pregnancy (Table 3) 
may be mediated by first-trimester exposure (OR 0.95 
[95%CI 0.91 to 1.00]), while last-trimester exposure 
to a heatwave did not appear to affect the risk of PTB 

Fig. 3 Association between preterm birth rate and birthdate from a GAM. All models are univariable. A: unstratified. The other graphs are stratified 
by: sex (B), SSEP (C), language-region (D), and maternal nationality (E)
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Table 3 Preterm birth logistic regression GAM (model 2.1)

95%CI 95% Confidence interval, OR Odds-ratio, lci lower confidence interval, uci Upper confidence interval, d: Cohen’s d. Cohen’s d >0.1, >0.3, >0.5 are respectively 
considered small, moderate and large effect sizes. Great Recession and COVID-19 exposure variables are relative to pregnancy duration (values between 0 and 1). SSEP 
scale goes from 23.6 to 86.7, by 10 points increase

Variable Category OR 95% CI d pvalue

lci uci

Heatwave (ref: 0) 1 0.85 0.82 0.87 0.09 <0.0001

Great Recession (continuous) 1.04 0.97 1.13 0.02 0.27

COVID (continuous) 0.98 0.92 1.03 0.01 0.40

Time (by month) 1.00 1.00 1.00 0.00 <0.0001

SSEP (/10 points) 0.96 0.95 0.97 0.02 <0.0001

Altitude (/100m) 1.00 1.00 1.00 0.00 1.00

Parity (ref: 1) 2 0.67 0.66 0.69 0.22 <0.0001

3 0.68 0.67 0.70 0.21 <0.0001

>3 0.78 0.74 0.81 0.14 <0.0001

Sex (ref: male) Female 0.84 0.83 0.85 0.10 <0.0001

Urban (ref: rural) Urban 0.95 0.94 0.97 0.03 <0.0001

Language region (ref: German) French 1.05 1.03 1.07 0.03 <0.0001

Italian 1.00 0.96 1.05 0.00 0.87

Maternal nationality (ref: Swiss) Africa 1.01 0.96 1.05 0.00 0.83

Asia 1.07 1.03 1.12 0.04 <0.01

Europe 0.95 0.93 0.97 0.03 <0.0001

Northern America 0.85 0.76 0.94 0.09 <0.01

Southern/Central America 1.09 1.03 1.15 0.05 <0.01

Civil status (ref: married) Single 1.12 1.10 1.14 0.06 <0.0001

Smooth variables
 Maternal age (years) <0.0001

 Seasonality (month) <0.0001

n=1’263’853

Fig. 4 Association between stillbirth rate and birthdate from a GAM. This model is unstratified and unadjusted
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(Table 5). On the contrary, intensified exposure to the 
COVID-19 pandemic during the first three months of 
pregnancy was associated with a slightly higher PTB 
risk (OR 1.06 [95%CI 1.00 to 1.12]). Last-trimester 
exposure to the COVID-19 pandemic was associated 
with a higher stillbirth risk, with an OR of 1.24 [95%CI 
1.02 to 1.50] and a Cohen’s d of 0.12, denoting a small 
effect.

Results of the models using the 2009 flu pandemic 
instead of the Great Recession can be seen in Tables 
S5-8 and Figures S8-10 and indicate that being exposed 
to the flu slightly reduced the risk of PTB in general 
(OR 0.89 [95%CI 0.83 to 0.95], Table S6), and in the 
first as well as last trimesters (Table S8).

Sensitivity analysis: first parities
Using only first parities in the models (Tables S11-13, 
Figures S13-14), the results were consistant with the 
main models including all parities.

Discussion
We used nationwide cross-sectional data to assess 
changes in neonatal health outcomes over the years 
2007-2022 and during periods of crises in Switzerland. 
Since 2007, birth weight and the rate of stillbirth were 
only subject to minor changes, while the rate of preterm 
birth constantly declined. Our stratified models by neo-
natal sex, maternal nationality, SSEP and language region 

Table 4 Stillbirth logistic regression GAM (model 3.1)

95%CI 95% Confidence interval, OR Odds-ratio, lci Lower confidence interval, uci Upper confidence interval, d: Cohen’s d. Cohen’s d >0.1, >0.3, >0.5 are respectively 
considered small, moderate and large effect sizes. Great Recession and COVID-19 exposure variables are relative to pregnancy duration (values between 0 and 1). SSEP 
scale goes from 23.6 to 86.7, by 10 points increase

Variable Category OR 95% CI d pvalue

lci uci

Heatwave (ref: 0) 1 0.77 0.69 0.86 0.14 <0.0001

Great Recession (continuous) 1.16 0.88 1.52 0.08 0.28

COVID (continuous) 1.14 0.93 1.39 0.07 0.21

Time (by month) 1.00 1.00 1.00 0.00 0.18

SSEP (/10 points) 0.90 0.87 0.93 0.06 <0.0001

Altitude (/100m) 0.99 0.97 1.00 0.01 0.13

Sex (ref: male) Female 1.01 0.95 1.07 0.01 0.72

Urban (ref: rural) Urban 1.06 0.99 1.12 0.03 0.08

Language region (ref: German) French 1.14 1.06 1.22 0.07 <0.001

Italian 0.94 0.80 1.10 0.03 0.44

Maternal nationality (ref: Swiss) Not Swiss 1.13 1.06 1.19 0.07 <0.001

Civil status (ref: married) Single 1.38 1.29 1.47 0.18 <0.0001

Smooth variables
 Maternal age (years) <0.0001

 Seasonality (month) 0.70

n=1,270,214

Table 5 Trimester effect of crises on birth weight, preterm birth and stillbirth

OR Odds-ratio, lci Lower confidence interval, uci Upper confidence interval, d: Cohen’s d. Corresponding models are model 1.1.A and 1.1.B (birth weight), model 2.1.A 
and 2.1.B (preterm birth), and model 3.1.A and 3.1.B (stillbirth). Cohen’s d >0.1, >0.3, >0.5 are respectively considered small, moderate and large effect sizes

Birthweight Preterm birth Stillbirth

Trimester Crisis beta (g) lci uci d pvalue OR lci uci d pvalue OR lci uci d pvalue

First Heatwave 0.20 -4.91 5.32 0.00 0.94 0.95 0.91 1.00 0.03 0.04 0.97 0.82 1.15 0.02 0.74

Great Recession 0.15 -5.59 5.89 0.00 0.96 0.98 0.93 1.03 0.01 0.42 0.98 0.81 1.18 0.01 0.80

COVID-19 -6.27 -12.17 -0.36 0.00 0.04 1.06 1.00 1.12 0.03 0.03 1.04 0.86 1.26 0.02 0.68

Last Heatwave -10.84 -15.77 -5.92 0.00 <0.001 1.02 0.98 1.07 0.01 0.31 0.99 0.85 1.17 0.00 0.94

Great Recession -3.17 -9.13 2.79 0.00 0.30 1.02 0.96 1.07 0.01 0.55 1.10 0.91 1.32 0.05 0.32

COVID-19 16.82 10.66 22.97 0.00 <0.0001 0.98 0.93 1.04 0.01 0.54 1.24 1.02 1.50 0.12 0.03
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show systematic differences between categories but dis-
play similar trends. Exposure to crises was associated 
with different effects on neonatal health, depending on 
the type of crisis.

Neonatal health trends
The World Health Organization (WHO) reported that 
global PTB rates were stable from 2010 to 2020, with 
values around 10% even among HICs [16, 25]. However, 
PTB rates were decreasing between 2006 and 2014 in the 
US but also in Norway, as we report here for Switzerland 
[24]. While changes in the way gestational age is reported 
can contribute to PTB rate variation [23, 71, 72], obstet-
ric interventions can also influence it. In Switzerland, 
caesarean-section rate remained consistently higher than 
32% between 2007 and 2022 [73], well above the 10% 
rate recommended by the WHO [74]. However, the rate 
varied too little to fully account for the declining PTB 
trend. In 2017, assisted reproductive technology (ART) 
changed with the introduction of a single embryo trans-
fer [75]. This reduced the occurrence of multiple births, 
thus decreasing the number of PTB associated with mul-
tiple pregnancies [75]. Although we focus on singletons, 
these changes might have affected their outcomes as well, 
increasing the number of singleton births born through 
ART.

Our result on stillbirth rate mirrors data already-pub-
lished from the FSO: only minor variations of unadjusted 
rates are reported between 2007 and 2022 [49]. While 
some reports point towards decreasing trends between 
2000 and 2019 in Western Europe and other HICs [27, 
28], this decline has recently slowed down [29]; stillbirth 
rate was even stable in Germany between 2009 and 2012 
[76]. Stillbirth rate might be stagnating in Switzerland 
because of increasing maternal age [29] or prevalence of 
maternal comorbidities (such as obesity and diabetes), 
impeding stillbirth rate of declining further.

Birth weight evolution varied a lot across countries 
around the turn of the  21st century. Some HICs experi-
enced declining birth weight [17–20], but it increased 
in England [21], while Norway and Sweden exhibited an 
unexplained increase and then decrease of birth weight 
[19]. We see that birth weight was mostly constant in 
Switzerland during the studied period.

Crises
Crises such as economic depressions and pandemics 
have a direct burden on the population’s health in terms 
of mortality and morbidity, but also create social and 
economic disruptions and traumatic experiences. The 
highest-risk crises are without doubt armed conflicts 
and natural disasters, increasing stress among pregnant 
individuals through life-threatening events and having 

an uncertain future. These types of crises have also been 
associated with higher rates of LBW [30]. This paper 
focuses on population-level crises, and especially on their 
potential indirect impact on pregnancies, through stress 
exposure. In our univariable models, we do not see shifts 
in birth weight, nor in the rates of PTB or stillbirth dur-
ing any of the crises investigated. When we consider cri-
sis-exposure in more details using multivariable models, 
exposure to the Great Recession or to COVID-19 were 
not associated with variations in PTB nor with stillbirth 
probabilities. However, when we separate the exposure 
per pregnancy trimester, COVID-19 slightly increased 
PTB risk for first trimester exposure, and stillbirth risk 
for last-trimester exposure.

The impact of an economic crisis on neonatal health 
depends on the initial family financial situation. For 
instance, an individual-level study found an important 
association between inadequate employment and birth 
weight decrease [37]. In Switzerland, the unemployment 
rate almost doubled between the beginning of the Great 
Recession and the end of 2009, from 2.4% to 4.4% [77]. 
If the crisis only impacted already socioeconomically 
disadvantaged families, we might not be able to see an 
important effect overall. We control for SSEP, an area-
based information, but lack individual information on 
employment status. The Great Recession was associated 
with more important effects in countries already socio-
economically disadvantaged. In Portugal, a higher LBW 
prevalence was noted [35], while in Greece, crude still-
birth, infant and child mortality rates gradually increased 
during the Great Recession [36]. Given that Switzerland 
ranks among the highest income countries, it was likely 
less affected by the economic crisis.

Multiple studies reported decreased PTB rates during 
the COVID-19 pandemic [78], including a meta-analysis 
on 52 million births from 26 countries [79]. However, 
some suggest that this may be due to reporting biases, 
because the association was no longer significant for 
adjusted rates [78]. In Switzerland, PTB rate slightly 
declined in 2020 [80], but the year 2019 was already dis-
playing lower rates, indicating that the reduced PTB 
odds in 2020 is unlikely to be solely attributable to the 
pandemic. In addition, the previously-mentioned meta-
analysis did not identify any change in PTB rate during 
the COVID-19 lockdown in Switzerland [79]. Our results 
are thus consistent with the literature and, with the use 
of individual-level information, add further evidence sug-
gesting that the COVID-19 pandemic only had, if any, a 
small effect on PTB rates.

Separating the exposure by pregnancy trimesters, we 
find a higher risk of stillbirth for exposure to COVID-19 
during the last trimester, with an OR of 1.24 [95%CI 1.02 
to 1.50]. The associated Cohen’s d is 0.12, which is higher 
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than any d’s of the other crises among the trimesters-
effect models, but still denotes a very small effect size. A 
large meta-analysis mentions no change in stillbirth rate 
during the pandemic (OR 1.08, [95%CI 0.94 to 1.23]), n= 
21 studies) [78]. Few studies separated analyses by preg-
nancy trimester. In the Indian state of Bihar, stillbirth rate 
increased in a dose-relationship manner with the number 
of last trimester months that occurred during the pan-
demic peak [81]. Whether our finding of a slight increase 
in stillbirth rate results from maternal severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) infection 
or increased stress exposure is uncertain. Although the 
literature on SARS-CoV-2 vertical transmission is con-
flicting, maternal infection has been reported to cause 
placental inflammation. A multi-national study linked 
68 stillbirths with maternal SARS-CoV-2 infection, and 
identified placental abnormalities that could have caused 
placental insufficiency and foetal death [82]. Maternal 
stress might be another explanation: shortage of obstetric 
staff and reduced prenatal care, including mothers post-
poning visits due to fear of getting infected, might have 
played a role in stillbirth rate, as Khalil et al. suggest [83].

When women were exposed to COVID-19 during 
pregnancy, birth weight was higher by 11.7g [95%CI 5.5 
to 17.9]). Birth weight was higher for last trimester (16.8g 
[95%CI 10.7 to 23.0]) but not first trimester exposure 
(-6.3g [95%CI -12.2 to -0.4]). Two meta-analyses reported 
small birth weight increases during the pandemic (17g 
[95%CI 7 to 28] [78] and 15g [95%CI 10 to 20] [47]). In 
Denmark, a similar increase during the first lockdown 
was noted among singleton term births [84]. The sex- and 
gestational age- adjusted increase was of 17g [95%CI 3 to 
31]. Increasing birth weight can indeed be due to longer 
pregnancy duration, but we did not adjust the birth 
weight-outcome model for gestational age due to poten-
tial collider bias [63–65]. To assess whether our result 
of a higher birth weight could be linked to longer gesta-
tional duration, we display yearly rates of term births for 
each gestational week: babies did not have longer gesta-
tion during the COVID-19 years (Table S15). This sup-
ports the idea that higher birth weight among mothers 
exposed to COVID-19 is not due to longer gestation. 
Our results align closely with existing literature, showing 
a similar birth weight increase. The implications of such 
a small increase are uncertain and do not always imply 
changes in LBW odds [78]. However, we here found that 
COVID-19 exposure during the last trimester was also 
associated with a slight reduction of LBW risk (OR 0.94 
[95%CI 0.88-1.00].

Indirect effects of the pandemic may be negative, i.e. 
through stress exposure or dietary changes, associated 
with a more sedentary life during lockdowns. Home 

office was frequent during the pandemic, and might 
have induced changes in nutrition and a lack of exer-
cise, which could explain the slight increase in birth 
weight. Furthermore, pregnant women’s mental health 
was reported to have worsened during the pandemic 
[45, 85], including in Switzerland [46]. On the contrary, 
pandemic exposure could also have had positive effects: 
Switzerland had a light lockdown and was less economi-
cally affected compared to surrounding countries: there 
might even have been an improved work-life balance and 
hygiene, and a limited exposure to pollution. Still, some 
women of our dataset were directly affected through 
SARS-CoV-2 infection, with well-documented increased 
risks of maternal mortality, PTB and LBW [44, 86, 87]. 
Thus, the effects of the pandemic on maternal and neo-
natal health may be opposite [84]: if there were both neg-
ative and positive effects of the mitigation measures put 
into place, as well as negative effects of maternal infec-
tion, they might have compensated each other. This could 
explain the overall absence of association between the 
COVID-19 pandemic and the neonatal health outcomes 
we investigated, except for a small stillbirth risk increase. 
COVID-19 vaccination was extended to all pregnant 
women in September 2021 in Switzerland [88] and might 
have prevented severe complications and influenced PTB 
and stillbirth rates. Unfortunately, there exist no vac-
cination coverage data among pregnant women. Those 
who gave birth in 2022 might have been vaccinated dur-
ing pregnancy, which limits our interpretation. We also 
observe a birth rate decline in the beginning of 2022. This 
downturn in births was reported in multiple countries, 
starting in January 2022 [89]. The effect of crises on fertil-
ity rates requires further study and was not the objective 
of the current study.

Exposure to heatwaves during pregnancy was associ-
ated with higher birth weight and lower probabilities 
of PTB and stillbirth. However, exposure during the 
first trimester was not associated with birth weight, 
while last-trimester exposure was linked to lower birth 
weight. The discrepancy between the main model and 
the trimester-effect models might be explained by the 
structure of our data: using monthly-level data may 
not allow investigating heatwave exposure in detail, 
since a heatwave usually lasts only a few days. Moreo-
ver, some pregnancies which started or ended during 
a heatwave month might have actually not overlapped 
with the heatwave event. These pregnancies would have 
thus been miscategorized as “exposed to a heatwave”; 
this should however concern very few pregnancies. 
Most studies describe positive associations between 
heat exposure and PTB [31], but a meta-analysis con-
cluded that the evidence of reduced birth weight is 
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limited [34]. Few studies have focused on stillbirth, but 
their majority report an increased risk [31, 32]. In low- 
and middle-income countries, already experiencing the 
highest PTB and stillbirth rates, higher temperatures 
were associated with increased risks of both outcomes 
[33]. As the frequency and severity of heatwaves is 
likely to increase in the near future, it is crucial to con-
tinue to assess their effect on foetal health. The struc-
ture of our data does not allow us to conclude on the 
effect of heatwave exposure on neonatal health.

The effects of the covariates on which we adjusted the 
analyses are consistent with the literature, with higher 
risks of PTB and stillbirth when maternal age increases 
[13, 90], and primiparous mothers having lighter babies 
[91]. Birth weight was reduced in French- and Italian-
speaking regions of Switzerland, and also at elevated 
altitudes, as shown previously [50]. Babies born from 
non-Swiss mothers had a higher risk of stillbirth: Turkish 
mothers living in Switzerland were previously reported 
to have a 30% higher stillbirth risk [92]. We also show 
that mothers from Asian and Southern/Central Ameri-
can regions have higher risks of PTB, while those from 
Europe and Northern America have a lower risk: mater-
nal ethnicity is known to affect neonatal health, prob-
ably more through an interplay of environmental and 
sociodemographic parameters than through genetic 
determinants [93–95]. However, we use nationality as 
a crude proxy for ethnicity, which is limited. Interest-
ingly, we highlight an effect of civil status on neonatal 
health, increasing stillbirth risk by 38%. Similarly, neo-
natal and infant mortality were recently reported to be 
much higher among unmarried mothers in Switzerland 
[65]. Important covariates that we could not adjust for 
are maternal comorbidities and smoking, known to be 
associated with lower birth weight [96] and stillbirth risk 
[90]. Our data does not include information on mater-
nal overweight (body mass index (BMI) ≥25) and obesity 
(BMI ≥30) which are major risk factors for stillbirth in 
HICs [90].

Our study is thus limited by the structure of our data-
set and available covariates. Regarding COVID-19, we 
cannot identify mothers who were infected by the virus: 
it is thus not possible to disentangle the direct effect of 
maternal infection from the indirect effect of stress and 
mitigation measures. We used hospitalisation cases as 
a proxy of COVID-19 exposure, regardless of waves 
and circulating viral strains. Regarding spatial differ-
ences, it was mostly during the first COVID-19 wave 
that the Cantons were differently affected [97]. How-
ever, few people were actually infected during this wave 
[98], and the subsequent waves had similar magnitudes 

geographically [97]. Furthermore, at the population 
level, we expect the waves to have the same effect on 
pregnant mothers in terms of stress. The choice of out-
comes could also be discussed: the PTB variable does 
not differentiate between spontaneous and iatrogenic 
PTB, and these have different determinants [15].

The robustness of our results relies on the very large 
sample size, covering nation-wide singleton births at 
the individual level. Our birth weight- , LBW- and PTB-
stratified analyses display consistent results. We can 
thus be confident that birth weight was stable through 
time in almost every subgroup assessed, and that PTB 
declined during the same period. Our sensitivity analy-
ses focusing on first parities, and our analyses with the 
flu pandemic exposure instead of the Great Recession, 
enhance the reliability of our findings.

Conclusion

We have shown that birth weight and the rate of still-
birth varied very little in Switzerland between 2007 
and 2022. However, we see a clear PTB rate decline 
over that period of about 1%. Similar trends are found 
in all investigated subgroups. Overall, effect sizes of 
all investigated associations between crises and neo-
natal outcomes are small. With regards to our results, 
Switzerland, being among the highest income coun-
tries globally, appears resilient to economic crises and 
pandemics at the national level, compared to other 
European countries. However, the COVID-19 pan-
demic impact on maternal and neonatal health might 
have been double-edged. Although the negative impact 
of maternal infection on pregnancy outcomes is sup-
ported by the literature, we cannot rule out that stress 
and economic constraint also affected neonatal health 
among the most vulnerable subgroups of Switzerland.
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