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Abstract: The aim of this study was to analyze the association between season of birth and daily
temperature for neonatal mortality in two Swedish rural parishes between 1860 and 1899. Further,
we aimed to study whether the association varied according to ethnicity (indigenous Sami reindeer
herders and non-Sami settlers) and gender. The source material for this study comprised digitized
parish records from the Demographic Data Base, Umeå University, combined with local weather
data provided by the Swedish Meteorological and Hydrological Institute. Using a time event-history
approach, we investigated the association between daily temperature (at birth and up to 28 days
after birth) and the risk of neonatal death during the coldest months (November through March).
The results showed that Sami neonatal mortality was highest during winter and that the Sami
neonatal mortality risk decreased with higher temperatures on the day of birth. Male neonatal risk
decreased with higher temperatures during the days following birth, while no effect of temperature
was observed among female neonates. We conclude that weather vulnerability differed between
genders and between the indigenous and non-indigenous populations.
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1. Introduction

The infant mortality rate has been used as an indicator of the general welfare and population
health of a country. In Sweden, nationwide data on infant mortality have been available from the
mid-eighteenth century and reveal a downward trend [1]. In nineteenth century Sweden, however,
infant mortality was associated with large geographical differences [2–5]. Mortality rates in northern
Sweden in particular, including in the Sápmi area (traditional land of the indigenous Sami), were
sometimes as high as 250/1000 live births [5]. One of the factors associated with the high infant
mortality rate in the Sápmi area is the harsh climate with long and cold winters [6,7].

In this paper, we studied the association of daily temperature and seasonality with neonatal
mortality, covering a sensitive period of an infant’s life. Our previous studies, based on monthly mean
temperatures, showed that Sami perinatal and neonatal mortality were influenced by extreme cold in
the winter, whereas extreme cold winter temperature had no effect on the non-Sami population [6,8].

In most parts of the world, neonatal and post neonatal mortality are still higher among indigenous
populations than non-indigenous populations living in the same area [9–11]. In nineteenth century
Sweden, the indigenous Sami population experienced a higher neonatal mortality rate compared
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to the non-Sami population, especially during the first half of the century [12,13]. In historical and
contemporary populations, the male disadvantage in neonatal mortality is well recognized [14–18]
and is essentially explained by biological factors, such as a higher risk of congenital abnormalities
among male new-borns relative to females and a higher incidence of infectious and non-infectious
diseases in boys [16,17]. There is a lack of research regarding the influence of temperature on neonatal
mortality among boys relative to girls. In this study, we aimed to study whether the association
between temperature at birth and daily temperature following birth affects boys and girls differently.

While previous studies of the association between temperature and neonatal mortality among
historical populations mainly used month of birth as a proxy for temperature or monthly mean
temperatures [6], studies that include daily temperatures are limited [19,20]. In this study, we aimed
to unravel the association between local daily temperature conditions and neonatal mortality in two
Swedish rural parishes between 1860 and 1899. Further, we aimed to study whether the association
varied according to ethnicity and gender.

The study area constitutes a part of Swedish Sápmi, the Sami’s traditional land, inhabited by both
Sami and non-Sami populations. This subarctic region represents a climatically and environmentally
unique geographical unit, with long, cold winters and short, mild summers. The study included two
parishes in northern Sápmi, Jokkmokk and Gällivare. At the beginning of the nineteenth century,
the Sami constituted the majority population in the two parishes but had become a minority by the
end of the century due to the immigration of settlers from southern Sweden and Finland [21]. In this
northern part of Swedish Sápmi, the Sami mainly lived from reindeer herding, hunting, fishing and
farming [4]. During the nineteenth century, an increasing part of the Sami population was forced to
leave the reindeer herding nomadic lifestyle for a more settled way of living in agriculture [22,23].

1.1. Seasonality, Temperature and Infant Mortality

Several studies have investigated the association between season of birth and neonatal mortality
among historical populations [24–28]. An important factor regarding seasonal variations in neonatal
mortality are temperature differentials between seasons, which vary across locations. In southern
Europe, neonatal mortality was higher in the winter, whereas in eastern Europe and Russia, neonatal
mortality was highest in the summer [29]. Other factors influencing the seasonality of neonatal
mortality is the seasonality of human activities. A mother’s agricultural work during the harvest
season might be associated with earlier weaning or lack of infant care [29]. There is also a documented
seasonality of infectious diseases (peaks of respiratory diseases in winter and digestive diseases
in summer). In their study of neonatal mortality in northern Italy from 1820 to 1900, Scalone and
Samoggia [20] used daily temperature data as time-constant (temperature at birth) and time-varying
(temperature after birth) variables. Their findings revealed that the effect of cold temperature at birth
varied according to socioeconomic status, with the highest cold-related mortality risk found among the
infants of landless rural laborer’s [20]. In the Netherlands, Ekamper et al. [19] showed that, from 1850
to 1954, the relationship between daily average temperature and age-specific mortality was strongest
among infants (<1 year), in which both extremely high and low temperatures significantly increased
the risk of infant mortality.

One important effect modifier of the association between temperature and neonatal mortality is
adverse birth outcomes, such as low birth weight, low gestational age and malformations. For example,
cold temperatures during the neonatal period primarily increase the risk of cold-related infectious
diseases among preterm fragile infants [20]. Generally, preterm births and low birth weight are birth
outcomes that are more common among boys [30–32], which increases the risk of neonatal mortality
and cold-related causes of death such as hypothermia [33]. Slower lung maturation among male
infants has been shown to be a major factor behind the male disadvantage in neonatal survival [34].
Recent research regarding the gender difference in weather vulnerability has shown a beneficial effect
of increased temperature on survival among male infants [35].
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1.2. Seasonality, Temperature and Neonatal Mortality in Preindustrial Sweden

Previous studies of infant mortality between Sami and non-Sami populations have found generally
higher mortality rates among the Sami population compared to the non-Sami population, as well as
significant differences in neonatal deaths between parishes in the Sápmi area [4,12]. In the nineteenth
century, the Sami experienced the highest neonatal mortality rate during the winter (December–February) [7].
The non-Sami population showed no clear seasonal pattern in neonatal mortality, yet a higher mortality
was found among infants born in January and November [7]. Furthermore, our previous research showed
an association between extreme winter temperatures and neonatal mortality between 1800 and 1900, during
which time neonatal mortality increased during the cold winter months (monthly mean temperatures
below−15 ◦C) compared to the milder winter months, particularly among the Sami population [6]. We also
found a decreased vulnerability in the Sami population during the second half of the century, suggesting
improvements in overall living conditions and health outcomes [6].

Following previous research on gender differences in neonatal mortality, we hypothesized that
weather vulnerability was higher among winter-born male infants compared to female infants. Further,
we hypothesized that the weather vulnerability of winter-born infants was higher among the Sami
population compared to the non-Sami population because of their semi-nomadic lifestyle.

2. Materials and Methods

2.1. Population Data

The source material for this study comprises digitized parish records provided by the Demographic
Data Base at Umeå University [36]. The database contains linked individual data from parish registers
and registers of birth, deaths, migration and so forth and includes every individual who was born or
migrated to the parishes [37]. The present study covers the period from 1860 to 1899.

Neonatal deaths are defined as deaths that occur during the first 28 days of life (stillbirths
excluded). In order to study the association between temperature and neonatal deaths, information
was obtained about the birth and death date of every individual born in the two parishes between
1860 and 1899. Historical population data (such as this) often lack the birth and death data of every
individual and, in such cases, any individuals with missing data have been excluded from our analyses.
Compared to other age groups, there is a risk that neonatal deaths have been underreported [2].
However, previous studies of neonatal mortality in Sápmi between 1800 and 1900 found that around
92% of the population had registered birth and death dates [7]. The starting year used in this study
(1860) corresponds to the year when the state authority, Statistics Sweden, was formed, which resulted
in even more accurate reporting of demographic data [38].

Based on information about family name, parish, occupation and family relations, an ethnical
indicator that distinguished between the Sami population and the non-Sami population has been
developed [39]. This ethnical indictor has been used in a variety of studies regarding marriage, fertility
and mortality patterns in Swedish Sápmi [4,6–8,13,23,39,40]. The available information about ethnicity
does not allow a differentiation between nomadic and settled Sami. Even if there was an increase in
Sami who became settled during the nineteenth century, the trend to settle was weaker in this northern
part of Sápmi compared to the southern part [41]. During our study period 1860 and 1899, the majority
of Sami still lived from a combination of reindeer herding, hunting, fishing and small-scale farming [41]
and also those settled often took an active part in the reindeer herding [23,39].

Each infant was categorized based on its ethnicity, gender, season of birth and age. Two individuals
of “unknown” gender were treated as missing values in the analyses. In the models, we controlled for
the age of the neonates, categorized as—“first week,” “second week,” “third week and later.” Season
of birth was categorized as winter (December–February), spring (March–May), summer (June–August)
and autumn (September–November).
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2.2. Temperature Data

The regular recording of daily temperature started in Sweden between 1858 and 1860. Prior to this,
records of daily temperature were collected on a less regular basis by a variety of actors [42]. In this
study, we used weather data from Jokkmokk and Gällivare, provided by the Swedish Meteorological
and Hydrological Institute (SMHI) [42]. These data contain daily temperature measurements taken in
the morning, at noon and in the evening. Data that have been controlled for quality by SMHI were
available for Jokkmokk (April 1879–December 1899) and for Gällivare (November 1888–December
1899) but contained some gaps. Non-controlled data were available for Jokkmokk starting in November
1860. Daily mean temperature was calculated based on the three daily measurements. If one of
them was missing, all available measurements on the same day, the day before (lag) and the day
after (lead) were used. Jokkmokk measurements replaced missing data in the Gällivare records.
Geographically, Jokkmokk and Gällivare are adjacent to each other (see Figure 1) and we expected
no major differences in daily temperatures between the two parishes. Mean daily temperatures for
the study region combining Jokkmokk and Gällivare were calculated based on the best available
measurement. All temperature values in this study are given in degrees Celsius (◦C).Int. J. Environ. Res. Public Health 2020, 17, 1216 4 of 18 
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Figure 1. Map of Sweden including the study area of Jokkmokk and Gällivare. Reproduced with
permission from the Swedish National Archives.

Since the aim of the study was to investigate the association between neonatal mortality and
temperature at birth and after birth, for example, if lower temperatures on the day of birth or following
birth significantly increased the risk of neonatal death, potential bias in the temperature data is not
assumed to distort the analyses.
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Table 1 shows summary statistics of minimum, maximum and mean temperatures during the
study period from 1860 to 1899 in Jokkmokk and Gällivare, calculated by daily temperatures. Swedish
Sápmi has a subarctic climate (long, cold winters and short, mild summers) and temperatures varied
considerably between the lowest value of −40 ◦C (February) and the highest value of 26.2 ◦C (June).
As seen in Table 1, values of less than 0 ◦C were found during virtually the entire year, except for July
and August. The winter months, December through February, had the lowest minimum and mean
temperatures, followed by November and March. In the following analyses of the association between
temperature and neonatal mortality during the cold months, November through March were selected
as cold winter months. In the analyses, we differentiated between temperature on the day of birth and
daily temperature during the 28 days after birth (unless the infant died within this period).

Table 1. Descriptive statistics of temperature in ◦C, 1860–1899.

Month Min Mean Max SD

January −39.3 −14.8 4.5 8.6
February −40.0 −13.3 4.7 8.4

March −27.0 −7.8 6.7 6.2
April −13.2 −0.5 10.4 4.1
May −5.9 5.5 20.5 4.4
June 0.0 12.4 26.2 4.8
July 2.3 15.0 25.7 3.7

August 2.4 12.3 25.7 3.2
September −3.7 6.6 15.7 3.6

October −23.5 −1.3 12.7 5.7
November −31.2 −8.9 7.4 7.5
December −39.7 −13.5 5.3 8.6

2.3. Longitudinal Dataset

The population data and temperature data were merged into a longitudinal person-day dataset
containing daily information of each infant born in the two parishes from 1860 to 1899. In the longitudinal
dataset, each child was followed from the day of birth to the 28th day of life (unless the infant died
within this period), complemented by temperature at birth (as a constant) and daily temperature.
The longitudinal dataset includes the demographic characteristics of each infant, such as gender, age and
ethnicity. We have two different study samples—a total group for seasonality analyses and a winter-born
group for temperature analyses (see Table 2).

Table 2. Descriptive statistics of population data, 1860–1899.

Total (%) Neonatal Mortality,
January–December

Neonatal Mortality in
Winter-Born (November–March)

Total number of live births 8024 4007
Total number of neonatal deaths 330 (4.1%) 159 (4.0%)

Neonatal deaths by:
Ethnicity

Sami 121 (36.7%) 66 (41.5%)
Non-Sami 209 (63.3%) 93 (58.5%)

Gender
Male 190 (57.6%) 91 (57.2%)

Female 140 (42.4%) 68 (42.8%)
Parish

Jokkmokk 115 (34.8%) 58 (36.5%)
Gällivare 215 (65.2%) 101 (63.5%)

Age at death
First week 124 (37.6%) 62 (39%)
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Table 2. Cont.

Total (%) Neonatal Mortality,
January–December

Neonatal Mortality in
Winter-Born (November–March)

Second week 84 (25.5%) 37 (23.3%)
Third week+ 122 (37.0%) 60 (37.7%)

Season
Winter (Jan–Feb) 98 (29.7%) 98 (61.6%)

Spring (March–May) 94 (28.5%) 33 (20.8%)
Summer (June–Aug) 68 (20.6%)
Autumn (Sep–Nov) 70 (21.2%) 28 (17.6%)

2.4. Data Analysis

All analyses were conducted following a time-event binomial regression model using a complementary
log-log link function (hereafter called discrete-time regression), commonly used in survival analysis of
binary events measured at discrete time intervals [43]. First, we created models of the association between
season of birth and the risk of neonatal death according to ethnicity and gender. Second, we investigated
the association between temperature (at birth and after) and the risk of neonatal death and its interaction
with gender and ethnicity during the coldest months (November through March). The results are presented
as hazard ratios (HR) with 95% confidence intervals (CI). All analyses were conducted using R statistical
software (version 3. 4. 3, R Foundation for Statistical Computing, Vienna, Austria), survival, survminer
and stargazer packages.

3. Results

3.1. Descriptives

In Jokkmokk and Gällivare parishes from 1860 to 1899, a total of 8024 live births were included in
the analyses, of which 330 died during the neonatal period (4.1%) (Table 2). For analyses of neonatal
mortality during the cold months (November through March), a total of 4007 live births were included,
of which 159 were neonatal deaths (4.0%). In both study samples (whole group and winter-born),
neonatal deaths were more common among males relative to females during the first week of life and
were more common in Gällivare than in Jokkmokk.

3.2. Season and Neonatal Mortality

As a first step, the association between season and neonatal mortality was estimated in a stepwise
manner. Estimates of all included parameters in the regression models are provided in the Appendix A
(Table A1). In the base model (Model I), season of birth showed no major differences in neonatal
mortality risk. However, infants born during the winter appeared to have a higher neonatal mortality
risk compared to summer-born infants (HR 1.30, 0.95–1.77). Model V, including all of the parameters
(excluding interactive terms), shows that male infants had a higher neonatal risk than females (HR 1.35,
1.08–1.68) and the neonatal mortality risk decreased in the following weeks during the first month of
life (for age three to four weeks HR 0.51, 95% CI 0.40–0.65). In the last model (Model VI), including
the interaction of season and ethnicity, being born in the winter had a stronger effect on the neonatal
mortality risk among the Sami population (HR 2.18, 1.11–4.29) than non-Sami population. Compared
to ethnicity, no seasonal effects were shown between the genders. The HR and their corresponding
95% confidence intervals for the last model (Model VI) are presented in Figure 2.
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3.3. Temperature and Neonatal Mortality During an Extended Winter Season

As shown in previous models of the association between season of birth and neonatal mortality,
being born during the winter was associated with a higher risk of neonatal mortality. In order to further
investigate cold season mortality, the next analysis only included infants born during the coldest months,
from November through March. As for the previous models, the association between temperature
(at birth and following birth) and neonatal mortality was assessed in a stepwise manner, including the
interactive terms of gender*temp and ethnicity*temp in the last model (Table A2, Appendix A). The base
model (Model I), including only temperature at birth as a time-constant variable, showed no effect of
temperature at birth on neonatal mortality risk. Including the daily mean temperature over the following
28 days (Model II) showed that neither of the two temperatures (time-constant or time-varying) had
an effect on neonatal mortality. Model VII, including all of the parameters (excluding the interactive
terms), showed that Sami infants had a higher neonatal mortality risk compared to winter born non-Sami
infants (HR 1.46, 1.07–2.01) and the risk decreased during the neonatal period and was lowest at age
three weeks and above (HR 0.51, 0.36–0.73). The last model (Model VIII) included all parameters
and the interactive terms of temperature (as time-constant and time varying) and ethnicity, as well as
temperature and gender. For the Sami, temperature at birth had a stronger effect than for non-Sami,
where lower temperatures on the day of birth increased the risk. For male neonates, lower temperatures
over the following 28 days had a stronger effect on neonatal mortality risk than on females, where lower
temperatures after birth were associated with a higher risk of neonatal death. The relative risks with 95%
confidence intervals of model VIII are presented in Figure 3. The predicted probabilities of neonatal
death by temperature, stratified by gender and ethnicity, are presented in Figures 4 and 5, respectively.
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4. Discussion

During the first half of the nineteenth century, the Sami had higher neonatal mortality rates than
the non-Sami population but from the mid nineteenth century onwards, the differences in infant and
neonatal mortality between the two groups decreased [7,40]. Both populations had higher infant
mortality rates than Sweden as a whole, implying that the colonization process had a negative effect
on health for Sami and non-Sami [21].

In line with previous studies of seasonality and early infant mortality [24,44], this study showed
that the overall neonatal mortality was higher in winter compared to summer. Comparing the Sami
and the non-Sami population, the Sami winter born were more vulnerable, as confirmed by previous
studies [7,13]. Unlike the study conducted by Scalone and Samoggia [20], this study found a mixed
effect of temperature on neonatal mortality. Lower temperatures on the day of birth were related to
a higher mortality risk among the Sami, whereas lower temperatures on the 28 days after birth were
clearly associated with a higher mortality risk among male neonates.

Due to their semi-nomadic outdoor lifestyle, the Sami exposed their neonates to low temperatures
and harsh weather conditions to a much higher extent than the non-Sami population (who lived
in houses that were better protected from the cold). Contemporary observers have highlighted the
combination of cold weather and migration associated with the nomadic life style as risk factors for the
Sami neonates [45], where Sami women continued to migrate, sometimes directly after giving birth [12].
The Sami had strategies for protecting their infants from the cold. After being born, the infants were
wrapped in a reindeer skin and were then placed in a komse (wooden cradle) that would protect
them from hypothermia during the neonatal period [46]. In the nineteenth century, breast-feeding
practices diverged in this northern region [47] and mixed-feeding practices were more common among
non-Sami women than Sami women [12,48]. Sami women were used as a role model since they
breastfed their children, sometimes for as long as 2–4 years, according to the local clergy [4,49]. It is
likely that breast-feeding practices among Sami women and infant care after birth were protective
factors, whereas the environmental circumstances and living conditions during birth (unheated houses,
etc.) posed a risk factor, particularly during extremely cold periods.

The results showed that the risk of neonatal mortality was highest during the early neonatal period
(first week of life) compared to the latter part. Controlling for the age of the neonates, the effect of
temperature on the day of birth for the Sami appears to have had a debilitating effect on Sami neonate’s
survival, even in the days following birth. As suggested by Scalone and Samoggia [20], low temperatures
on the day of birth made it more difficult for neonates to maintain their body temperature which, in turn,
risked weight loss on the first day after birth, followed by increased vulnerability to hypothermia.

An interesting result of this study was the greater mortality effect of temperature on the days after
birth for males than females. Compared to season of birth, in which winter was associated with an overall
higher mortality risk, this study found no gender difference in seasonality. It can be expected that the
negative effect of low temperatures following birth among males is associated with a higher risk of being
both preterm and underweight, as these two factors increase the risk of hypothermia [16].

Between the second half of the nineteenth century and the first decades of the twentieth century,
the neonatal mortality rate in Sweden did not decrease to the same extent as the infant mortality
rate [50,51]. The reason why the neonatal mortality rate lagged behind can be explained by a number of
factors that affect the two rates in different ways. Improved living standards, better housing, nutrition
and hygiene are factors that have contributed the most to the decrease in infant mortality, particularly
towards the end of the first year of life, whereas causes of death associated with pregnancy and delivery
account for a high proportion of neonatal mortality [50]. During the time frame of this study (1860–1899)
and in this northern hinterland of Sweden, giving birth was still a private matter in your own home
and was sometimes assisted by midwives. A potential area of research is whether the effect of season
of birth and temperature decreased as higher proportions of births became institutionalized during the
first half of the nineteenth century. Another potential area of research is the way in which the effect
of temperature (both at birth and following birth) might differ between socio-economic strata at the
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onset of industrialization and urbanization. Previous studies have shown socio-economic differences
in the rates of infant and perinatal mortality and the incidence of low birth weight [52], contributing
to social inequalities in cold-related mortality. Unlike most contemporary research, our data lacked
information on gestational age and birthweight. Since preterm birth, stillbirth and low birth weight
are birth outcomes that are more prevalent in winter and summer [53], extreme temperature might
also be an important determinant of poor birth outcomes.

This study has revealed the association between season and temperature and neonatal mortality
in a subarctic region during the latter part of the nineteenth century. As hypothermia is still a serious
problem in countries in which the neonatal mortality rate is high, our findings will provide important
insights into factors that contribute to neonatal health and survival. The effect of temperature during
the neonatal period among males in particular should be investigated in contemporary low-income
societies. Our findings can also be communicated to high-income countries that already have low
neonatal mortality rates, where the time spent by mothers and new-borns at hospital is decreasing,
sometimes to a couple of hours after delivery or when the nearest hospital is far away, risking the
mother giving birth outside hospital.

Strengths and Limitations

Previous research of cold-related mortality has mainly used season of birth as a proxy for
temperature or monthly mean temperatures from remote weather stations [6–8]. To our knowledge,
this is the first study to examine the association between temperature and neonatal mortality in Sweden
during the nineteenth century using local daily temperature data. In this study, we have focused on
temperature effects during the cold months (November–March). A different approach would have
been to examine the effect of cold and warm temperatures during different seasons, for example,
the effect of cold temperature in summer compared to other seasons and warm temperature in winter
compared to other seasons (summer).

5. Conclusions

The results showed that Sami neonatal mortality was higher during winter and that the Sami
neonatal mortality risk decreased with higher temperatures on the day of birth. Male neonatal risk
decreased with higher temperatures during the days following birth, while no effect of temperature
was observed among female neonates. We conclude that weather vulnerability differed between
genders and between the indigenous and non-indigenous populations.
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Appendix A

Table A1. Discrete time regression models of neonatal mortality by season, with interactions gender*seasons and ethnicity*seasons, expressed as hazard ratios,
confidence intervals (CI 95%) and p-value, 1860–1899.

Predictors
Model I Model II Model III Model IV Model V Model VI

HR CI p HR CI p HR CI p HR CI p HR CI p HR CI p

Autumn 1.06 0.76–1.49 0.714 1.06 0.76–1.48 0.725 1.06 0.76–1.48 0.739 1.05 0.76–1.47 0.755 1.05 0.75–1.47 0.765 1.12 0.63–1.98 0.710
Spring 1.16 0.85–1.59 0.347 1.15 0.84–1.57 0.372 1.16 0.85–1.58 0.363 1.15 0.84–1.58 0.367 1.15 0.84–1.57 0.376 1.29 0.76–2.20 0.346
Winter 1.30 0.95–1.77 0.099 1.29 0.94–1.75 0.111 1.29 0.95–1.76 0.107 1.28 0.94–1.75 0.113 1.27 0.93–1.73 0.128 1.07 0.62–1.86 0.802
Sami 1.24 0.99–1.55 0.061 1.24 0.99–1.55 0.059 1.23 0.98–1.54 0.074 1.23 0.98–1.53 0.075 0.80 0.46–1.39 0.435
Male 1.36 1.09–1.69 0.006 1.35 1.09–1.68 0.007 1.35 1.08–1.68 0.007 1.67 1.02–2.73 0.042

Gällivare 1.24 0.99–1.56 0.064 1.24 0.99–1.55 0.064 1.24 0.99–1.55 0.064
Age: 2nd week 0.69 0.52–0.91 0.008 0.69 0.52–0.91 0.008
Age: 3rd week+ 0.51 0.40–0.65 <0.001 0.51 0.40–0.65 <0.001
Autumn*Sami 1.45 0.69–3.03 0.326
Spring*Sami 1.42 0.71–2.83 0.324
Winter*Sami 2.18 1.11–4.29 0.024

Autumn*Male 0.76 0.38–1.51 0.434
Spring*Male 0.70 0.37–1.32 0.265
Winter*Male 0.84 0.45–1.59 0.597
Observations 218897 218897 218897 218897 218897 218897

R2 Nagelkerke 0.001 0.001 0.003 0.004 0.009 0.011
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Table A2. Discrete time regression models of neonatal mortality by temperature, with interactions sex*temperature and ethnicity*temperature, expressed as hazard
ratios, confidence intervals (CI 95%) and p, cold seasons (November–March), 1860–1899.

Model I Model II Model III Model IV Model V Model VI Model VII Model VIII

Predictors HR CI p HR CI p HR CI p HR CI p HR CI p HR CI p HR CI p HR CI p

Temp at birth 0.99 0.97–1.01 0.163 0.99 0.97–1.01 0.373 0.99 0.97–1.01 0.309 0.99 0.97–1.01 0.321 0.99 0.97–1.01 0.341 0.99 0.97–1.01 0.347 0.99 0.97–1.01 0.408 1.00 0.97–1.03 0.957
Temp after birth 0.99 0.97–1.00 0.132 0.98 0.96–1.00 0.107 0.98 0.96–1.00 0.107 0.98 0.96–1.00 0.108 0.98 0.96–1.00 0.108 0.98 0.96–1.00 0.120 1.00 0.96–1.03 0.922

February 1.24 0.78–1.98 0.365 1.25 0.78–2.00 0.347 1.26 0.79–2.00 0.340 1.25 0.79–2.00 0.344 1.26 0.79–2.01 0.329 1.26 0.79–2.02 0.325
March 1.15 0.69–1.91 0.587 1.16 0.70–1.93 0.561 1.16 0.70–1.92 0.568 1.16 0.70–1.92 0.569 1.17 0.70–1.94 0.548 1.18 0.71–1.97 0.520

November 1.32 0.77–2.26 0.316 1.33 0.77–2.27 0.304 1.32 0.77–2.26 0.309 1.32 0.77–2.26 0.312 1.31 0.77–2.24 0.318 1.30 0.76–2.22 0.338
December 1.03 0.62–1.71 0.917 1.03 0.61–1.71 0.922 1.03 0.62–1.71 0.918 1.03 0.61–1.71 0.922 1.02 0.61–1.70 0.946 1.01 0.61–1.69 0.959

Sami 1.47 1.07–2.02 0.016 1.48 1.08–2.03 0.015 1.47 1.07–2.02 0.017 1.46 1.07–2.01 0.018 1.21 0.63–2.32 0.569
Male 1.34 0.98–1.83 0.070 1.33 0.97–1.83 0.073 1.33 0.97–1.83 0.072 0.96 0.51–1.83 0.910

Gällivare 1.11 0.80–1.53 0.531 1.11 0.80–1.53 0.530 1.12 0.81–1.55 0.498
Age: 2nd week 0.61 0.41–0.92 0.019 0.61 0.41–0.92 0.018
Age: 3rd week+ 0.51 0.36–0.73 <0.001 0.51 0.35–0.72 <0.001

Temp at
birth*Sami 0.96 0.93–1.00 0.036

Temp after
birth*Sami 1.03 0.99–1.07 0.193

Temp at
birth*Male 1.02 0.98–1.06 0.350

Temp after
birth*Male 0.96 0.92–1.00 0.028

Observations 93368 93368 93368 93368 93368 93368 93368 93368
R2 Nagelkerke 0.001 0.002 0.002 0.005 0.006 0.007 0.012 0.017
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