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Abstract
Introduction: Preterm delivery is a major global public health challenge. The objec‐
tive of this study was to determine how preterm delivery rates differ in a country 
with a very high human development index and to explore rural vs urban environ‐
mental and socioeconomic factors that may be responsible for this variation.
Material and methods: A population‐based study was performed using data from the 
Swedish Medical Birth Register from 1998 to 2013. Sweden was chosen as a model be‐
cause of its validated, routinely collected data and availability of individual social data. The 
total population comprised 1 335 802 singleton births. A multiple linear regression was 
used to adjust gestational age for known risk factors (maternal smoking, ethnicity, mater‐
nal education, maternal age, height, fetal sex, maternal diabetes, maternal hypertension, 
and parity). A second and a third model were subsequently fitted allowing separate inter‐
cepts for each municipality (as fixed or random effects). Adjusted gestational ages were 
converted to preterm delivery rates and mapped onto maternal residential municipalities. 
Additionally, the effects of six rural vs urban environmental and socioeconomic factors on 
gestational age were tested using a simple weighted linear regression.
Results: The study population preterm delivery rate was 4.12%. Marked differences 
from the overall preterm delivery rate were observed (rate estimates ranged from 1.73% 
to 6.31%). The statistical significance of this heterogeneity across municipalities was 
confirmed by a chi‐squared test (P < 0.001). Around 20% of the gestational age variance 
explained by the full model (after adjustment for known variables described above) could 
be attributed to municipality‐level effects. In addition, gestational age was found to be 
longer in areas with a higher fraction of built‐upon land and other urban features.
Conclusions: After adjusting for known risk factors, large geographical differences in 
rates of preterm delivery remain. Additional analyses to look at the effect of environmen‐
tal and socioeconomic factors on gestational age found an increased gestational age in 
urban areas. Future research strategies could focus on investigating the urbanity effect 
to try to explain preterm delivery variation across countries with a very high human de‐
velopment index.
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1  | INTRODUC TION

Globally, preterm delivery (PTD), defined as delivery before 37 weeks 
of gestation, remains a major public health priority and is responsible 
for 1.1 million neonatal deaths each year.1 As well as being the most 
common single cause of infant and perinatal mortality it also causes 
increased neonatal morbidity as it affects approximately 15 million 
infants worldwide.2 The economic burden of PTD is therefore sub‐
stantial, given that it affects so many babies, and is estimated that 
it costs the US healthcare system $26 billion yearly.3,4 The World 
Health Organization report Born Too Soon, published in 2012, called 
for a 50% reduction in mortality related to PTD in resource‐poor 
countries from 2010 to 2025.5 PTD rates are known to differ widely 
throughout the world, even among countries with a very high human 
development index (ranging in 2010 from 5.3 per 100 live births in 
Latvia to 14.7 per 100 live births in Cyprus).1 Sweden is a county 
with a very high human development index and in 2010 it had one 
of the lowest rates of PTD.1 Why such a variation between coun‐
tries exists is largely unknown, and Chang et al. went on to conclude 
that the implementation of interventions (smoking cessation, cervi‐
cal cerclage, use of progesterone, reducing unnecessary iatrogenic 
PTD and avoiding multiple embryo transfers) would jointly produce 
a relative reduction in PTD of only 5% from 9.59% to 9.07%, thus 
highlighting the need for substantial further research to improve eti‐
ological understanding and guide the development of interventions. 
A recent individual participant analysis of 4.1 million births from five 
countries with a very high human development index aimed to as‐
sess the contributions of risk factors and successful interventions.6 
The study confirmed what has been found previously; namely, that 
prior PTD and preeclampsia were the strongest individual risk fac‐
tors for PTD,7,8 but two‐thirds of PTD cases have no attributable 
cause, again highlighting the urgent need for further research into 
the etiology of PTD. The uncertainty about its etiology is reflected 
in the fact that it is still unclear what the best intervention for PTD 
prevention may be.9

Environmental factors have been described as having the po‐
tential to act as pregnancy stressors, resulting in adverse pregnancy 
outcomes.10 In particular, exposure to air pollution (released from 
dust, pollen, or grinding operations) has been shown in a systematic 
review to increase the risk of PTD (odds ratio 1.03, 95% CI 1.01 to 
1.05),11 as has exposure to carbon monoxide.12 These environmental 
factors differ according to the geographical area, in particular with 
respect to rural vs urban residence where there are higher rates of 
air pollution.

This population‐based study aimed to use Sweden as a model 
of a country with a very high human development index13 (with 
one of the lowest PTD rates, an accessible public healthcare 

system, free antenatal care with close to 100% of participation 
by the pregnant population, and a relatively homogenous popu‐
lation in terms of ethnicity and socioeconomic status with almost 
80% of the population having intermediate or high‐level educa‐
tion) to determine whether geographical differences in PTD rates 
exist throughout the country. The overall singleton PTD rate in 
Sweden was estimated at 4.4% in 2014 by Statistics Sweden.14 We 
hypothesized that, just as there are international differences in 
PTD rates,1,6 wide geographical variations would exist within one 
country. In addition, we used individual maternal and fetal risk fac‐
tor adjusted gestational age to show that these differences should 
not be attributed to different distributions of PTD risk factors. To 
provide some possible causes of the observed geographical differ‐
ences we performed further exploratory analyses on a number of 
environmental and socioeconomic factors and gestational length.

2  | MATERIAL AND METHODS

A population‐based register study was performed using data from 
the Swedish Medical Birth Register from 1998 to 2013. The Swedish 
Medical Birth Register collects mandatory data prospectively from 
the first antenatal visit and has been maintained by the National 
Board for Health and Welfare since 1973. The information included 
in the register includes demographic data, women’s reproductive his‐
tory and complications during pregnancy, delivery and the neonatal 
period. All births are validated every year through individual records 
linked to the Swedish Population Register, which is 99% accurate for 
all births in Sweden. The register is subject to annual quality control 
audits. The Swedish Medical Birth Register was complemented by 
linked data from Statistics Sweden to provide the individual level 
social data.15 A quality analysis of the register has been previously 
described and it is considered to be of high quality.16

The Medical Birth Register data were merged with the maternal 
residence information using data from Statistics Sweden, indicat‐
ing the municipality of the mothers’ residence at the time of their 
pregnancy. The population of Sweden is around 10 million, of which 
85% reside in the three biggest urban areas, Stockholm, Gothenburg 
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Key Message

Wide geographical differences exist in preterm delivery 
rates across Sweden even after the adjustment for known 
socioeconomic risk factors. Gestational length appears to 
be longer in urban areas in Sweden than in rural areas.
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and Malmö. Municipality level information on the additional envi‐
ronmental and socio‐economic factors were also obtained through 
Statistics Sweden. Information on violent crimes was obtained from 
the Swedish National Council for Crime Prevention.

The study period 1998‐2013 was chosen, as 1998 represents the 
introduction of the International Classification of Disease‐10 cod‐
ing system. The measurement of gestational age is recorded in the 
Swedish Medical Birth Register using best available method for each 
infant. This variable has been described previously and is considered 
to be of high quality.17 In Sweden second trimester scanning has been 
used since the mid‐1980s onward for gestational age measurement, 
which is generally regarded as the gold standard for gestational age 
estimation in the country. By using this study period, we could there‐
fore be sure we arrived at our measurement of the outcome of inter‐
est (gestational age) by the best available method. Only pregnancies 
with an accurate gestational age measurement were included in the 
study. Multiple pregnancies, stillbirths and pregnancies complicated 
by fetal anomalies were excluded, as they are known to be at an in‐
creased risk of PTD compared with the general population.18

The type of onset of delivery has been recorded accurately in 
the registry since 1991. It is currently recorded as spontaneous 
or induced labor, or prelabor cesarean section. Induced labor and 
prelabor cesarean section were classified as iatrogenic deliveries. All 
analyses were repeated using only spontaneous, only iatrogenic, or 
all deliveries together.

2.1 | Statistical analyses

Gestational age in days was adjusted for known individual mater‐
nal and fetal risk factors using a multiple linear regression. The fol‐
lowing variables were included in the multivariate model: maternal 
age at delivery (years categorized as < 20, 20‐29, 30‐40, > 40), ma‐
ternal height (continuous variable), maternal smoking (categorized 
as nonsmoker, smoking in pregnancy, smoking > 10 cigarettes in 
pregnancy), ethnicity (binary variable categorized as Swedish‐born 
mother and other), parity (primigravida, para 1, para 2, para 3, ≥ para 
4), maternal education (categorized in three levels, 1 = primary/sec‐
ondary school completed, 2 = fewer than two years of higher educa‐
tion completed, 3 = at least two years of higher education, higher 
degree or PhD), year of delivery, infant sex, preexisting maternal dia‐
betes, maternal hypertension and method of measuring gestational 
age. Missing covariate values were not included in the adjusted 
multivariate analyses. Municipality PTD rates were calculated from 
individual gestational age measurements in days (as percentage of 
deliveries at < 37 weeks of gestation) and mapped across Sweden. 
When calculating PTD rates adjusted for risk factors, individual ges‐
tational age was replaced with the residual plus intercept from the 
corresponding regression model, and dichotomized as above.

A funnel plot was used to demonstrate the variability in the 
gestational age measurements by municipality size. To show the ex‐
pected distribution of estimates under the null, we calculated 95% 
CI and 99.98% CI (Bonferroni adjusted for 296 municipalities) as 

�±Z1−�∕2�∕
√

n, where � and � are countrywide estimates and Z the 
quartile function of standard normal distribution.

A second fixed effects linear regression model was fitted, allow‐
ing separate intercepts for each municipality. The variance explained 
by municipal‐level effects was estimated by comparing the r‐squared 
values of the models. The analysis was then repeated using munic‐
ipality as a random effect. The overall significance of the added 
municipal‐level effects was evaluated using the F test between the 
nested models.

A binomial test was performed to test the PTD rates in each 
municipality against the overall PTD rate in the country to deter‐
mine which municipalities were statistically different from the coun‐
trywide PTD rate. The chi‐squared test for homogeneity was used 
to measure the homogeneity of PTD rates in four ways: across all 
municipalities, only in Stockholm municipalities, only in Gothenburg 
municipalities, and only in Malmö municipalities. All analyses were 
undertaken using the R language (version 3.4.1). The code used 
for the study is available at https://github.com/PerinatalLab/
SE_MFR_GEODATA.

We went on to investigate a number of different environmental 
and socioeconomic factors to try to understand municipal differ‐
ences in PTD rates. Each factor was tested in a simple weighted lin‐
ear regression setting, with mean adjusted gestational age in days as 
the outcome. Here we used gestational age in days rather than PTD 
rates to allow us to run linear models. Weights were proportional to 
the number of deliveries in the municipality. The additional factors 
investigated were median disposable household income (thousands 
of Swedish crowns, data from year 2011), proportions of 16+ year 
old population employed (year 2010), living in urban areas (year 
2010) and on land which is built upon (year 2010); the mean distance 
from residence to protected nature areas (year 2013), and violent 
crimes (against life and health, rate per capita, year 2010).

2.2 | Ethical approval

The study was approved by the Regional Ethical Review Board in 
Gothenburg, Sweden (968‐14). The national Board of Health and 
Welfare approved the use of the data from the Swedish Medical 
Birth Register and Statistics Sweden approved the use of the indi‐
vidual social data.

3  | RESULTS

The total population comprised 1 554 999 singleton births in 
Sweden registered in the Swedish Medical Birth Register between 
1998 and 2013, of which 1 335 802 met the inclusion criteria. 
There were 53 713 preterm infants born in the study population, 
giving an overall PTD rate of 4.12%. Of the PTDs 36 356 (67.69%) 
were spontaneous (Figure 1). Maternal characteristics related to all 
spontaneous deliveries and preterm (spontaneous and iatrogenic) 
deliveries are summarized in Table 1. Of the 53 713 mothers who 

https://github.com/PerinatalLab/SE_MFR_GEODATA
https://github.com/PerinatalLab/SE_MFR_GEODATA
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delivered preterm, 87.96% (n = 47 247) were nonsmokers (compared 
with 90.66%, n = 985 698, of all spontaneous deliveries) and 79.89% 
(n = 42 909) were Swedish‐born mothers (similar to all spontaneous 
deliveries, n = 863 953, 79.46%). Altogether 93.85% (n = 1 020 367) 
of the gestational age measurements in the cohort were by second 
trimester ultrasound scanning, with the remainder (6.15%, n = 66 
896) by best estimate dating by last menstrual period.

PTD was strongly associated with maternal geographical resi‐
dence and differed significantly throughout the country (both ad‐
justed and unadjusted) and within major regions (chi‐squared test 
of independence, all P values < 0.001). Figure 2 is a funnel plot 
showing the mean gestational age estimates according to munic‐
ipal population size. A number of municipalities fall outside the 
95% CI (136 of 296 and 52 of 296 after Bonferroni adjustment at 
99.98%), indicating that they significantly deviate from the pop‐
ulation mean. Wide variations (range 2.09%‐6.39%) in the crude 
spontaneous PTD rates based on municipality were observed 
(Supporting Information Figure S1). After adjusting for potential 
confounding effects of maternal age, ethnicity, maternal height, 
smoking, parity, maternal education, baby sex, maternal hyper‐
tension and maternal diabetes, the PTD rates were still very di‐
verse across the country (ranging from 1.73% to 6.24%; Figure 3. 
For full area names see Figure S1). The results of the multiple 
linear regression analyses are displayed in Table 2. Covariates 
accounted for approximately 1% of the variance of gestational 
age (r‐squared = .01). Adjusted rates of spontaneous PTD which 
take these covariates into account were then generated. These 

adjusted rates were mapped across the country (and areas where 
they were statistically significantly different to the population 
mean were highlighted) and again a wide variation was observed 
(Figure 4, for full area names see Figure S2). Unadjusted rates are 
shown in the (Supporting Information Figure S3). In supplemen‐
tary analyses we mapped spontaneous and iatrogenic rates sep‐
arately (figures S4 and S5). The spontaneous PTD rates showed a 
wide variation, similar to all PTD rates. When the iatrogenic rates 
were mapped separately across the county the differences were 
even larger (range 2.29%‐12.40%) and did not match areas of high 
spontaneous PTD rates (Figure S5).

When the second regression model was fitted allowing separate 
intercepts for each municipality the r‐squared value of the model rose 
from .01 to .02; suggesting that about 20% of the variance explained 
by the model can be attributed to municipal effects. The PTD rates 
that were significantly above and below the population mean (using the 
false discovery rate adjustment for multiple testing, q‐value threshold 
10%) were then mapped (Figure S6). A third model with municipality as 
a random effect was fitted and the estimates from the second model 
were almost identical, therefore, no further mapping was undertaken 
(Figure S7). In both fixed and random effect models, the addition of 
municipal effects significantly improved the model fit (F test P < 0.001).

In the further analysis of urban vs rural environmental and socio‐
economic factors and their association with gestational length across 
Sweden, gestational age in days was significantly positively associated 
with several proxies for urbanity: the proportions of the population liv‐
ing in urban areas (P =  0.005), of the population that was employed (P =  

F I G U R E  1   Cohort composition



110  |     MURRAY et al.

TA B L E  1   Baseline characteristics of all 1 087 263 singleton deliveries in the Swedish population 1998‐2013

Characteristic

Individuals within the demographic 
group PTD

N
% of all spontane‐
ous births Spontaneous N

% PTD of all 
births in the 
group

Iatrogenic 
N

% PTD of all 
births in the 
group

Maternal age (y)

< 20 18,856 (1.73) 839 (4.45) 287 (1.52)

20‐30 583,093 (56.63) 20,343 (3.49) 8,297 (1.42)

31‐40 468,810 (43.11) 14,533 (3.10) 8,209 (1.42)

> 40 16,504 (1.52) 641 (3.88) 564 (3.42)

Missing 0 0 0

Maternal parity

1 480,827 (44.22) 21,061 (4.38) 8,960 (1.86)

2 408,500 (37.57) 10,102 (2.47) 4,609 (1.23)

3 140,990 (12.97) 3,383 (2.40) 2,334 (1.66)

4+ 56,946 (5.24) 1,810 (3.18) 1,454 (2.55)

Missing 0 0 0

Maternal smoking

None 985,698 (90.66) 32,005 (3.25) 15,242 (1.55)

< 10 64,957 (5.97) 2,736 (4.21) 1,274 (1.96)

10+ 22,646 (2.08) 1,122 (4.95) 540 (2.38)

Missing 1,3972 (1.29) 493 (3.53) 301 (2.15)

Maternal diabetes

Yes 3,040 (0.28) 444 (14.6) 694 (9.80)

No 1,084,223 (99.72) 35,912 (2.39) 16,663 (1.54)

Maternal hypertension

Yes 3,103 (0.29) 154 (4.96) 427 (13.76)

No 1,084,160 (99.71) 36,202 (3.34) 16,930 (1.56)

Maternal ethnicity

Swedish 863,953 (79.46) 28,989 (3.36) 13,920 (1.61)

Non‐Swedish 223,310 (20.54) 7,387 (3.31) 3,437 (1.54)

Maternal education

1 248,058 (22.81) 9,012 (3.63) 4,830 (1.95)

2 447,356 (41.15) 15,160 (3.39) 7,176 (1.60)

3 340,987 (31.36) 10,489 (3.08) 4,592 (1.35)

Missing 50,862 (4.68) 1,695 (3.33) 759 (1.49)

Method of gestational 
age measurement

Ultrasound 1,020,394 (93.85) 33,991 (3.33) 16,183 (1.59)

Best estimate using 
last menstrual period

66,869 (6.15) 2,365 (3.54) 1,174 (1.75)

Fetal sex

Male 550,620 (50.64) 19,740 (3.59) 9,021 (1.64)

Female 53,6643 (49.36) 16,616 (3.10) 8,336 (1.55)

Missing 0 0 0

PTD, preterm delivery. Maternal education: 1 completed primary or secondary school; 2 completed < 2 years higher education; 3 completed > 2 years 
higher education
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0.02), and land built upon (P < 0.001), and the number of violent crimes 
(P < 0.001) (Figure 5). Municipal affluence (measured by median house‐
hold income) was not associated with gestational age in days (P =  0.99, 
Figure 5).

4  | DISCUSSION

This large population‐based study comprising > 1.3 million pregnan‐
cies reveals novel information on the association between maternal 
geographical residence and PTD rates. Using Sweden as a model of 
a very high human‐development index country with one of the low‐
est PTD rates in the world and a public healthcare system with free 
antenatal care (particularly suited to this study because of its accu‐
rate and detailed routinely collected data), we have shown that PTD 
rates vary widely throughout the country in line with our hypothesis. 
Our study shows that the within‐country differences in PTD rates 
(1.40%‐5.73%) are almost as large as the between‐country differ‐
ences in PTD rates described previously (5%‐10%) among live births 
in Europe,1,2,19 and many areas of the country significantly deviate 
from the overall PTD rate, despite the relatively homogeneous na‐
ture of the population and healthcare system. This wide variation 
is seen for spontaneous deliveries, iatrogenic deliveries and both 
categories combined. Our study highlights what is demonstrated in 
previous studies,6,20 that currently known epidemiologic risk factors 
for PTD account for only a small proportion of the overall variation in 
PTD rates, evident from the small r‐squared value of the multiple lin‐
ear regression model in our analysis. Our study therefore highlights 
further the need to consider that other factors may be driving this 
association between geographical residence and PTD.

The mechanism that underlies the strong association between 
maternal geographical residence and PTD rates remains unclear and, 
indeed, it is surprising that a cohort of largely nonsmokers (91%) and 
Swedish‐born mothers (80%) with access to one of the most com‐
prehensive healthcare systems in the world should vary so greatly 
in PTD rates. In our further analysis of rural vs urban environmental 
and socioeconomic factors we have shown an association between 
area urbanity (and proxy measures of it such as the proportion of 
the population employed) and a longer gestational age. The associa‐
tion of an increased number of violent crimes and longer gestational 
age is not what would be expected if it was the main stressor: more 
likely, crime rate acts as a proxy measure of urbanity, which affects 
the PTD rate through other factors. One hypothesis is that, despite 
the public healthcare organization, more advanced healthcare prac‐
tices exist in the urban than rural areas of the country. We plan to go 
on to look at the accessibility of specialized obstetric care providers 
in Sweden, as previous research has showed this to be associated 
with pregnancy outcome.21 The role of other environmental factors, 
not shown here, such as levels of sunlight (given emerging evidence 
about vitamin D in pregnancy and its association with a reduction 
in PTD rates,22 the effects of longitude and latitude, and the role 
of water and air pollution, which have previously been shown to be 
associated with PTD, could also be investigated to determine further 
the nature of this urban vs rural difference (for instance, rural areas 
may have increased rates of pesticide use and therefore increased 
water pollution and carbon monoxide emissions).23 As well as investi‐
gating environmental stressors, maternal stressors such as maternal 
anxiety and depression have been shown to contribute to poor ob‐
stetric outcomes and increased risks of PTD24 and they are important 
potential confounders that we were unable to address in this study.

F I G U R E  2   Funnel plot of gestational 
age and population size plotted against 
the population mean gestational 
age [Color figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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F I G U R E  3   Preterm delivery rates across Sweden adjusted for known risk factors from a multiple linear regression model (both 
spontaneous and iatrogenic deliveries are included) [Color figure can be viewed at wileyonlinelibrary.com]
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Our study has a number of strengths. Firstly, the large sam‐
ple size of > 1.3 million pregnancies allowed us to report the PTD 
rates after reliably adjusting for the known risk factors for PTD. 
Using a full population database reduces the risk of selection bias 
and the population is homogenous and has access to a free public 
healthcare system. The main strength of our study lies in the ac‐
curate measurement of gestational age and the completeness of 

our dataset. Altogether 94% of our gestational age measurements 
were by ultrasound scan and pregnancies with an inaccurate ges‐
tational age measurement were excluded. Gestational age mea‐
surement is often a reason for variations in PTD rates between 
countries, but this variation is accounted for in our analysis.25 
Gestational age is recorded in the Swedish dataset in days and this 
greatly reduces the measurement noise in all our analyses. Using 

Variable N Estimatea,b Standard error P value

Maternal age

< 20 17,393 −0.454 0.090 < 0.0001

20‐30 645,835 Ref

31‐40 571,353 0.064 0.022 < 0.0001

>40 23,476 −1.011 0.078 0.004

Maternal height 1,258,038 0.149 0.001 < 0.0001

Smoking

No smoking 1,155,513 Ref

Smoking (< 10) 75,790 −0.703 0.044 < 0.0001

Smoking (> 10) 26,754 −1.568 0.072 < 0.0001

Parity

Primigravida 556,768 Ref

Para 1 469,844 −0.046 0.023 0.048

Para 2 167,782 −0.165 0.034 < 0.0001

Para 3 435,03 −0.725 0.059 < 0.0001

≥ para 4 20,160 −1.241 0.085 < 0.0001

Ethnicity

Swedish mother 1,044,070 Ref

Non‐Swedish mother 213,987 −0.149 0.028 < 0.0001

Maternal education

1 306,215 Ref

2 539,853 0.235 0.027 < 0.0001

3 411,989 0.487 0.030 < 0.0001

Fetal sex

Male 642,620 −0.389 0.020 < 0.0001

Female 615,437 REF

Birth year 1,258,038 −0.032 0.002 < 0.0001

Maternal diabetes

Yes 6567 −9.379 0.142 < 0.0001

No 1,251,490 Ref

Maternal hypertension

Yes 5130 −4.244 0.161 < 0.0001

No 1,252,927 Ref

Gestational age measurement

Ultrasound 1,182,104 Ref < 0.0001

Other 7,553 1.011 0.043

Maternal education: 1 completed primary or secondary school; 2 completed < 2 years higher educa‐
tion; 3 completed > 2 years higher education
aEffect sizes correspond to the mean gestational age shift in days. 
bAdjusted for all variables in the table. 

TA B L E  2   Results of the multiple linear 
regression analysis of 1 258 038 
pregnancies (77 608 removed due to 
missing covariates)
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F I G U R E  4   Preterm delivery rates significantly higher or lower than the population mean preterm delivery rate (binomial test P < 0.1, no 
multiple testing adjustment) [Color figure can be viewed at wileyonlinelibrary.com]
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unique individual patient identity numbers we were able to link 
the Swedish Medical birth registry data accurately to the Statistics 
Sweden data, with a very high match rate. Using Sweden as a 
model of a country with a very high human development index, 
we believe the results are generalizable to other populations with 
a similar development status.

A caveat to this population‐based approach is its reliance on 
routinely collected data method for the analysis. Large datasets 
are at higher risk of containing coding errors, the misclassification 
of exposure or outcome variables, and missing data. Although we 
did not formally assess the Swedish Birth Register data quality for 
this project, it has been shown in a previous study to be 99% ac‐
curate for all births in Sweden.17 There is a potential selection bias 
resulting from the missing covariate values in the study, which led 
to the exclusion of samples from the adjusted analyses. However, 
the similarity between adjusted and unadjusted results implies 
that the missing data does not have a strong effect on the ob‐
served PTD rates. Another limitation is regarding the use of mu‐
nicipal social and environmental data from 2010 or 2013, as these 
data were not available for the actual year of pregnancy or birth 
and may have changed over the course of the study period.

5  | CONCLUSION

Preterm delivery rates are rising and the condition remains difficult 
to treat because of its heterogeneity and its unknown etiology. Our 
study has shown that risk factor adjustment alone accounts for only 
a small amount of the variation in gestational age seen throughout a 

country with a very high human development index. We observe that 
gestational age is longer in urban areas. We believe that future re‐
search efforts should be directed at determining the role of environ‐
mental factors and explaining the effect of urbanity on PTD rates, as 
it may be necessary to target rural municipalities to reduce PTD rates.
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