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Abstract 

Background. The distribution of birth weights has been extensively 
investigated. A common result of these studies is that the distributions 
differ from the Gaussian. A standard attempt has been to split the 
distribution into two components: a main distribution assumed to be 
normal and the other a small correction component. Studies have also 
shown an association between the distribution of birth weights and 
gestation age. 

Methods and results. We consider data from the Åland Islands 
(Finland) for the period 1885-1998. The birth rate showed significant 
seasonality, having two peaks, one from March to May and the other 
from July to September, but only slightly significant seasonality in the 
birth weights was obtained. We observed significant correlations 
between birth weight and year of birth, sex of the newborn and type of 
maternity (single or multiple), condition of the infant (live or 
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stillborn), maternal age and marital status of the mother. We built a 
multiple regression model and included time, maternal age, sex of the 
newborn and type of maternity as influential regressors. We also 
included regional grouping and found significant regional variations in 
birth weight. Marital status of the mother and condition of the infant at 
birth (live or stillborn) had too many missing values for inclusion in 
the regression model, but the effects of these factors have been 
analysed separately. The association between birth weight and 
gestation age was also explored. 

Discussion. Comparisons with birth weights presented in data sets 
from other populations were also performed.  

Introduction 

Numerous scientists have studied the distribution of birth weights (e.g. 
[1-10]). The data presented in the literature are usually obtained from such 
large populations that the studies can be based on annual data or data for very 
short periods, and consequently, temporal trends were ignored. Scientists 
often also ignored sex differences in birth weights. In our studies, we have 
noted that differences between male and female birth weights are large 
enough that the sex of the infants should be considered. Seasonality in birth 
rates is commonly accepted (for references, see [11]). However, in the 
literature disagreement exists about seasonality in birth weights ([12]). Our 
data enable studies of the effect of such influential factors as year and season 
(month) of birth, maternal age in years, sex of the newborn, type of birth 
(single or multiple), marital status of the mother, parity, condition of the 
child at birth (live or stillborn) and to some extent gestation age. 

Materials and Methods 

Material. Our birth data are derived from official available birth 
certificates from the Åland Islands (cf. Figure 1 and [13]) for over one 
century (1885-1998), and i.a. temporal trends can be considered. From 1921 
onwards, Åland has been a county of its own and the number of births has 
been officially registered. Åland was earlier a part of the county of Turku and 
Pori. For the period 1885-1920, we have estimated the number of births from 
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[14]. The total number of births on Åland during the period 1885-1998 was 
estimated to be about 46,940. Our data, consisting of 19,198 births and 
comprise ca. 41% of all births on Åland for this period. 

 

Figure 1. Map of the Åland Islands with the 16 parishes. 

On the birth certificates, much information could be registered, but the 
long period and the large number of midwives working in 16 different 
parishes resulted in missing values, and the quality of the completed 
certificates varies. In general, we have ignored the missing values and have 
not assumed that they correspond to the most common values of the variable 
(married mothers, single births, etc.). Up to the turn of the 19th century, the 
Russian pound was commonly used. This pound equals 409.5 grams, and we 
have transformed all weights registered in pounds to grams. The registered 
weights were mainly given to an accuracy of 0.5 pound, corresponding to ca. 
200 grams. This inaccuracy may influence the exactness of the results 
obtained before World War I. We estimate that when grams were used the 
accuracy was within 50 grams. 
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Methods. In this study, the Åland Islands are subdivided into 13 regions 
according to the 16 parishes (Figure 1). Temporarily the data set of birth 
weights in Åland in 1885-1998 is heterogeneously distributed. For the 
periods 1921-1940, 1981-1990 and 1991-1998, the observations are sparse. 
Special attention is also paid to the seasonality of birth rates and weights. 
Our data contain information about presumptive influential factors, and 
consequently, we can study their effect. The main factors in our study are 
year of birth, maternal age in years, sex of the newborn and type of birth. 
These factors are so well-documented that their influence can be 
simultaneously analysed. Additional factors are the marital status of the 
mother, parity, condition of the child at birth and gestation age, but these 
have numerous missing values. The effects of these factors are analysed 
separately. If all variables had been included in the general regression model, 
the smallest set of regressor values would define the acceptable number of 
observations and marked reductions in the number of observations would be 
noted, reducing the reliability of the results.  

Results 

Eriksson et al. [11] noted during 1653-1950 a marked temporal decrease 
in seasonality of births. Especially for the period 1901-1950, the seasonality 
had almost totally disappeared. The seasonality in the birth rate is statistically 
significant showing two peaks, one in March to May and another in July to 

September. We observed significant seasonality at 9.262 =χ  with 11 

degrees of freedom and .01.0<P  

The seasonality of the monthly mean birth weights is presented in Figure 
2. Among male infants, maxima were observed in November (3636 grams) 
and December (3635 grams) and minima in March and June (3563 grams). 
Among female infants, a maximum was found in March (3505 grams) and a 
minimum in June (3423 grams). The corresponding ranges in monthly mean 
birth weights were 72.5 grams for males and 82.3 grams for females. When 
we applied one-way analysis of variance (ANOVA), we could almost totally 
ignore the seasonality in birth weight. For all births and for female births, no 
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significant seasonality was detected. However, for males we found a slight 
significance ( )( ).05.0,87.19779,11 <= PF  
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Figure 2. Seasonality in mean birth weights among males and females.          
The seasonality is slightly significant only for males ( ( ) ,87.19779,11 =F  

).05.0<P  The accuracy of the monthly estimates is indicated by 95% 

confidence bands. 

We observed in Table 1 significant correlations between birth weight and 
year of birth, maternal age in years, sex of the newborn, type of birth, 
condition of the infant and marital status of the mother, but not between birth 
weight and month of birth or parity. 
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We performed a stepwise regression procedure with the regressors year 
of birth, maternal age, sex of the newborn, type of birth and the 16 parishes 
on Åland grouped into 13 regions. We ignored the variables with a large 
number of missing values (condition of the infant and marital status of 
mother). The optimal regression model is based on 18,252 observations. 
Table 2 presents the model containing statistically significant parameter 
estimates. Year of birth, maternal age, sex of newborn and type of maternity 
are included as influential factors. In addition, the regions included show 
significant deviations in the birth weights. The estimates indicate the average 
effects of the factors. Birth weight decreases on average by about 1.6 grams 
per annum and increases by 11.7 grams when maternal age increases by one 
year. Furthermore, boys are about 140 grams heavier than girls, and 
singletons are 905 grams heavier than children born in multiple maternities.  

Table 2. Significant parameters in the regression model. The total number of 
observations is 18 252. The estimates are interpreted in more detail in the 
text 

Regressors β SE t P < 

(Constant) 6200.276 284.824 21.769 0.001 

Year of birth –1.538 0.145 -10.637 0.001 

Maternal age 11.731 0.668 17.555 0.001 

Sex –139.965 8.080 -17.323 0.001 

Type of birth –904.834 25.278 -35.795 0.001 

Brändö-Kumlinge 155.445 26.257 5.920 0.001 

Föglö-Sottunga 137.024 22.422 6.111 0.001 

Geta 160.824 19.389 8.295 0.001 

Hammarland 195.969 17.816 11.000 0.001 

Jomala 76.647 12.747 6.013 0.001 

Lemland-Lumparland 126.711 19.318 6.559 0.001 

Mariehamn 64.098 11.447 5.600 0.001 

Saltvik 77.530 17.347 4.469 0.001 
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The goodness of fit in the regression model obtained is rather poor 

( ).111.02 =R  Consequently, the residual analysis continued to show strong 

variations. When normality is tested for the residuals of the regression model, 
one obtains the Kolmogorov-Smirnov test value 840.3=K  with .001.0<P  
Compared with the corresponding test value for the initial birth weights to be 
presented by Fellman and Eriksson elsewhere, the discrepancy from the 
Gaussian is reduced, but the residuals still differ markedly from normal 
distribution. The slightness in the improvement is obviously a consequence 
of the inadequate goodness of fit of the regression model. 

Figure 3 shows the temporal trends in the birth weight for male and 
female infants on the Åland Islands in 1885-1998. The figure includes 95% 
confidence intervals. The birth weights decrease monotonically to a trough in 
the 1960s, and after which the weights increase. The trend lines in the figure 
are 3rd degree polynomials. 
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Figure 3. Temporal trends in mean birth weights for males and females on 
the Åland Islands in 1885-1998. Note the marked troughs in the 1960s. We 
have included 95% confidence bands, and the trend lines are 3rd degree 
polynomials. 

In Table 3, we present the mean birth weights according to time and 
region. Both temporal and regional variations occur. The regional and 
temporal variations are statistically significant; ( ) 72.3818963,8 =F  and <P  

001.0  for the temporal variations and ( ) 80.2118958,13 =F  and 001.0<P  

for the regional variations. 
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Of the subperiods, 1921-1940, 1971-1980 and 1981-1990 show no 
significant regional differences. The remainder has regional differences that 
are statistically significant. If one notes that there are relatively few 
observations in 1921-1940, one can recognize temporally slightly decreasing 
regional variations. The trough obtained in the 1960s and presented in Figure 
3 is also discernible in Table 3. Temporal variations in the birth weights 
cannot be identified in the parish groups of Finström, Föglö-Sottunga, 
Kumlinge-Brändö, Kökar, Sund and Vårdö. These parishes, with the 
exception of Finström, are mainly in the surrounding archipelago. Strong 
significant temporal variation is observed in the parishes of Eckerö, 
Hammarland, Jomala, Lemland-Lumparland, Mariehamn and Saltvik. These 
are mainly located on the Main Island (cf. Figure 1). 
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Discussion 

General findings. The distribution of birth weight has been studied from 
different points of view and has been of wide interest among scientists 
because perinatal and neonatal mortality rates vary in different birth weight 
groups. A common result of these studies is that the distributions differ from 
the Gaussian. A standard attempt has been to split the distribution into two 
components. The main distribution can be assumed to be normal and the 
other has a small correction component. 

Seasonality. Seasonality in birth rates is commonly accepted (for 
references, see [11]). However, in the literature disagreement exists about 
seasonality in birth weights. Recently, Chodick et al. [12] analysed the 
literature concerning the seasonality in birth weight. They discussed both 
developed and undeveloped countries. They also paid attention to the global 
pattern. They classified the countries according to latitude. Latitude had an 
influence, but after grouping according to latitude a marked heterogeneity 
remained. Of special interest in their study are the results obtained for 
latitudes over 55°N. The latitude for Åland is between 55° and 60°N. 
According to [12], winter is the low birth weight period. High birth weight 
periods could be found during spring, summer or autumn. By contrast, based 
on our results, males show a maximum mean birth weight in winter 
(November and December) and a minimum in spring (March) and summer 
(June). For females, we noted a maximum in spring (March) and a minimum 
in summer (June). However, seasonality was significant, albeit only slightly, 
for males alone. 

Birth weight and gestation age. Milner and Richards [1] analysed birth 
weight by gestational age. They considered single babies and the distribution 
of birth weight was normal at a gestational age above 36 weeks, but was 
skewed or bimodal in preterm infants. They identified gestation time to be an 
important factor for the distribution of birth weight. They assumed that the 
distribution of birth weight can be considered as a mixture of two normal 
distributions with different means but the same variance. Using this model, 
they identified that for premature infants the differences between the means 
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are marked, but the difference decreases towards zero with increasing 
gestation age, reaching zero when the age of 36 weeks is attained. In our data 
set, registered information concerning gestation age was very sparse, yielding 
a data set consisting of 547 births of normal gestation age. When we divided 
the data set according to sex of the infants, the normal distributions could be 
accepted. 

Birth weight and future physical conditions. Erkkola et al. [3] stated 
that while the neonatal mortality rates are indicators of general obstetric and 
neonatal care rates in different weight groups, they are also extremely 
important for obstetricians when the risk of intrauterine environment versus 
that of pregnancy termination in any particular case is considered. Umbach 
and Wilcox [6] proposed a technique for measuring certain features of birth 
weight distributions useful for epidemiologists: the mean and variance of the 
predominant distribution, the proportion of births in the high and low birth 
weight residual distributions and the boundary support for these residual 
distributions. Gage [8] and [9] indicated that birth cohorts are composed of 
two or more subpopulations heterogeneous with respect to infant mortality. 
Fellman and Eriksson intend to present elsewhere an association between 
birth weight and life-span among Finnish triplets. 

Effect of environmental factors. Our study has shown that numerous 
influential factors exist. We have especially identified temporal trends and 
regional variations and significant effects of maternal age, sex of the infant 
and type of maternity (single or multiple). Other factors correlated with birth 
weight are marital status of the mother and condition of the child (live or 
stillborn). However, these were not represented well enough in our data set 
for inclusion in the model. In addition, the regression model obtained had a 
poor goodness of fit. 

Conclusions. The distribution of birth weight is influenced by many 
factors and is a mixture of several distributions, including a main Gaussian 
one. Consequently, the total distribution cannot be assumed to be Gaussian. 
Despite this and in agreement with Box [15], our opinion is that the Gaussian 
distribution is, in general, a useable model. For small data sets, significant 
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discrepancies cannot be found, and for large data sets, although the 
discrepancies are significant, the pattern of the distribution is close to the 
normal one. To date, no factor has convincingly been identified as the most 
influential cause of these discrepancies. 
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