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ABSTRACT 

BACKGROUND The aim of this study was to investigate if individuals born with sub-

optimal birth characteristics have reduced probability of reproducing in adulthood. 

METHODS Using population-based registries the authors included 522,216 males and 

494,692 females born 1973-1983 and examined their reproductive status as of 2006. Outcome 

measure was the hazard ratio of reproducing. Adjustments were made for socio-economic 

factors.  

RESULTS Males and females born very premature displayed a reduced probability of 

reproducing (hazard ratio (HR) = 0.78, 95% confidence interval (CI): 0.70, 0.86 for males. 

HR = 0.81, CI: 0.75,0.88 for females). Likewise for very low birth weight (HR=0.83, CI: 

0.71,0.95 for males. HR  = 0.80, 95% CI: 0.72, 0.89 for females). Individuals born large for 

gestational age (LGA) displayed no significant changes. Males born small for gestational age 

(SGA) had a 9% lower reproductive rate (CI: 0.89, 0.94) and that reduction increases as the 

individuals age. Women born SGA tend to start reproducing at an earlier age. 

CONCLUSION. The results suggest that being born with low birth weight, premature or SGA 

(for males) is associated with a reduced probability of reproducing as an adult. LGA shows no 

statistically significant relationship with future reproduction. 
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INTRODUCTION 

Impaired fetal growth is associated with an increase in the probability of developing certain 

adolescent and adult morbidities. Theories about the links between low birth weight, small 

birth size, and the development of obesity, cardiovascular disease and insulin resistance are 

well developed, epidemiologically supported and described by the developmental origins of 

health and disease hypothesis (Barker DJ, 2007) in which it is postulated that developmental 

plasticity of a fetus subjected to in utero growth restriction (IUGR) will allow it to adapt to 

undernourishment and prepare it for a life with restricted access to nourishment.  This 

adaptation includes a smaller body size, a lower metabolic rate and behavioural changes 

which – in an affluent environment –  predisposes the individual to obesity and the 

development of insulin resistance.  The underlying causative factors of this connection 

remain; however, allusive. Recent studies have postulated that genetic variations that 

predispose to underdevelopment in utero are shared with morbidities in adulthood, and 

explain – in part – the connection between IUGR and the development of the metabolic 

syndrome. For example, certain variations in insulin-regulating genes such as IGF-II and INS 

are associated with increased risk of type II diabetes mellitus, myocardial infarction and low 

birth weight (Lindsay RS, et al., 2003; Ong KK, Dunger DB, 2004). Further, a large co-twin-

control population study has shown that low birth weight predicts the risk of cardiovascular 

disease in dizygotic, but not monozygotic twins, suggesting that predisposition (allelic 

variations) plays a significant role in reduced birth weight and the development of factors of 

the metabolic syndrome, and their findings do not support an association between birth weight 

and risk of cardiovascular disease in the absence of those variations (Oberg S, et al., 2011). 

 

Aside from cardiovascular and metabolic disturbances it has been shown that fetal growth 

restriction is also linked to underdevelopment of gonads and  disturbed sex-hormone patterns 

in adolescence and adulthood.  In females, being born small for gestational age (SGA) may 



lead to early menarche, and reduced uterine and ovary size (Ibanez L and de Zegher F, 2006; 

Ibanez L, et al., 2003). However, epidemiological studies reveal that very-low-birth-weight 

women and, possibly, women born preterm or very preterm have a reduced rate of giving 

birth, while those born SGA were, on the contrary, more likely to have given birth at an 

earlier age (Ekholm K, et al., 2005). Although most individuals that are born extremely 

preterm or with very low birth weight make an unhindered transition from childhood to 

adulthood with regards to self-perceived health (Gäddlin PO, et al., 2009), it is seen in both 

genders that prematurity, low birth weight and intra-uterine growth restriction (IUGR) can 

lead to neurological and psychological morbidities (Monfils Gustafsson W, et al., 2009, 

Nelson KB, 2008) which may also effect the probability of reproducing. 

  

Restricted fetal growth in males increases the risks of cryptorchidism, hypospadias and 

testicular cancer (Biggs ML, et al., 2002, Main KM, et al., 2006). Studies on the effect of 

birth weight on adult testes function are limited and conflicting, some  pointing in the 

direction of low testicular volume at adolescence, and dysfunction of Leydig and Sertoli cells 

via the gonad-pituitary axis (Allvin K, et al., 2008, Cicognani A, et al., 2002, Main KM, et al., 

2006), while more recent studies have not supported these findings (Jensen RB, et al., 2007, 

Ramlau-Hansen CH, et al., 2010).  

 

The aim of this study was to investigate if being born with non-optimal birth characteristics 

has a relationship with the rate of giving birth/becoming a father in adulthood. Using Swedish 

population-based registries we were able to study this correlation while concurrently 

correcting for available socio-economic characteristics. 



 

MATERIALS AND METHODS 

The Swedish Medical Birth Registry, established in 1973, covers roughly 99 percent of all 

births (Centre for Epidemiology NBoHaW, 2003, Cnattingius S, et al., 1990). The registry 

continuously receives comprehensive information on births, complications during pregnancy, 

delivery, and the neonatal period, as well as the mothers’ reproductive history. The Total 

Population Register contains information on residence status for individuals born in Sweden, 

marital status, new births and deaths, as well as on migration details and country of origin for 

Swedish residents born abroad (Statistics-Sweden, 2009, Statistics-Sweden, 2002). The 

Causes of Death Register records information on all deceased persons residing in Sweden at 

the time of death (Centre for Epidemiology NBoHaW, 2010) and, by use of the Multi-

Generation Register(Statistics-Sweden, 2009), it is possible to identify the parents of the 

children registered in the Medical Birth Registry and the Total Population Register.  

Information on the educational level of the study population and their parents was retrieved 

from the Education Register (Statistics-Sweden, 2009) and the Population and Housing 

Census 1970 (Statistics-Sweden, 1974). 

 

1,070,380 children were born according to the combined information from the Medical Birth 

Registry and Total Population Registry from 1973 – 1983. We excluded individuals who had 

deceased before the age of 13 (n=10,811), those who had missing values on gestational length 

(n=4,840), those with missing values on birth weight (n=2,114), those with extreme birth 

weight or gestational age which were concluded to be entry errors (n=4,292), and those who 

had emigrated, and not returned to Sweden before the age of 13 (n=20,507) or immigrated to 

Sweden at age 14 and onwards (n=5,485).  Sixty of the individuals were excluded because 

personal numbers of their mothers did not match and finally, 5,363 individuals were excluded 



from the analyses due to lack of information on the father of the child. Thus, a total of 

522,216 males and 494,692 females born between1973-1983 were included in this study.  

 

‘‘Preterm birth’’ was defined as less than 37 completed weeks’ gestation. “Moderately 

preterm” was defined as birth in gestational week 32-36, ‘‘very preterm birth’’ was defined as 

less than 32 completed weeks, and “extremely preterm” as less than 27 weeks completed 

gestation. All infants born with a body weight less than 2,500g were grouped as “Low-

weight”.  Further, these individuals were defined as ‘‘Moderately low” (1,500-2,499g), “Very 

low weight’’ (<1,000-1,499g), and “Extremely low weight” (<1,000g).  ‘‘Small for 

gestational age’’ was defined as a birth weight of less than 2 standard deviations below the 

mean weight for the gestational length according to the Swedish standard (Marsal K, et al., 

1996). “Large for gestational age” was defined as a birth weight of more than 2 standard 

deviations above the mean weight for the gestational length according to the same standard. 

The growth curves used are based on longitudinal ultrasound estimations of fetal weight and 

were calculated in 1996. As the mean birth weight among girls born in Sweden was about 50–

60 g lower when the index women were born,  the results including small for gestational age 

were validated, and the description of this validation is published previously (Ekholm K and 

al. e, 2005). The results of these adjusted analyses did not differ substantially from the tables 

below and as such are not presented.  The growth curves used were based on singleton births, 

and were used for twin births as well. There are small for gestational age standards for 

multiple births (Glinianaia SV et al., 2000), and the results of our analyses were validated 

against these standards and were found to not differ substantially. Information on socio-

economic background characteristics of both the index individuals and their parents was 

retrieved from the registers, and the variables were tested as potential confounders before 

being included in the analyses (Tables I & II). All parental background variables were 

measured in 1985, which is close to the births of the index individuals. The educational levels  



Table I. Unadjusted relationship between male index individuals’ background characteristics and the probability 

of becoming a parent. Swedish population cohort 1973-1983. Cut-off year 2006. 

 
Background 
characteristic 

Birth characteristics of index persons  
Outcome of 
one or more 
births (%) 

No. Preterm 
birth (all) 

Very 
preterm 
birth 

Low 
birth 
weight 

Very 
low 
birth 
weight 

Small for 
gestational 
age 

Large for 
gestational 
age 

Mother’s educational level 
Missing 34421 6.3 0.5 4.1 0.4 4.7 2.4 21.1 
9-10 years 148998 5.6 0.5 3.7 0.3 4.3 2.9 26.0 
11-13 years 219947 5.0 0.4 3.1 0.2 3.8 2.7 15.2 
≥14 years 118850 4.4 0.3 2.6 0.2 2.9 2.9 21.0 
P- value

¤ 
 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Fathers educational level 
Missing 38967 6.1 0.5 4.0 0.3 4.6 2.5 25.3 
9-10 years 164236 5.3 0.4 3.4 0.2 4.2 2.9 21.3 
11-13 years 208116 5.0 0.4 3.2 0.2 3.8 2.7 14.8 
≥14 years 110897 4.6 0.3 2.7 0.2 3.0 2.9 20.9 
P- value

¤
  <0.001 <0.001 <0.001 0.056 <0.001 <0.001 <0.001 

Mother’s marital status 
Married 362740 4.8 0.4 3.0 0.2 3.4 3.0 20.9 
Divorced/widow 141338 5.6 0.5 3.6 0.2 4.6 2.1 21.9 
Unmarried 18138 7.0 0.7 4.8 0.4 5.1 3.2 20.5 
P- value

¤
  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Parents’ country of origin 
Both Nordic 482270 5.0 0.4 3.2 0.2 3.8 2.8 21.5 
One or both non-Nordic 39946 5.9 0.5 3.8 0.3 4.1 2.3 17.1 
P- value

¤
  <0.001 <0.001 <0.001 <0.016 0.001 <0.001 <0.001 

Mother’s age 
13-19 years 28833 7.0 0.6 4.4 0.3 5.2 1.9 32.9 
20-26 years 230962 4.8 0.4 3.1 0.2 4.1 2.2 24.4 
27-33 years 209275 4.8 0.4 3.0 0.2 3.4 3.1 17.7 
≥34 years 53146 6.7 0.5 3.9 0.3 3.4 4.7 14.3 
P- value

¤
  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Mother’s parity 
No previous children 221139 5.3 0.4 3.6 0.2 4.8 1.7 21.1 
Previous children 301077 4.9 0.4 3.0 0.2 3.0 3.6 21.2 
P- value

¤
  <0.001 0.192 <0.001 0.067 <0.001 <0.001 0.527 

Twin birth (index women) 
No 513825 4.6 0.3 2.7 0.2 3.5 2.8 21.2 
Yes 8391 35.1 3.6 35.5 2.2 19.6 0.6 18.4 
P- value

¤
  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Year of birth (index men) 
1973 52123 4.6 0.4 3.0 0.2 4.6 2.8 37.2 
1974 53153 4.8 0.3 3.2 0.2 4.6 2.6 37.1 
1975 49837 4.9 0.3 3.2 0.2 4.3 2.5 34.7 
1976 47584 5.0 0.5 3.5 0.2 4.3 2.6 29.9 
1977 46833 4.8 0.4 3.0 0.2 3.9 2.7 25.2 
1978 45148 4.9 0.4 3.2 0.2 3.8 2.8 20.5 
1979 46583 5.0 0.4 3.1 0.2 3.5 2.7 15.1 
1980 47090 5.1 0.3 3.1 0.2 3.6 2.8 11.0 
1981 45478 5.2 0.5 3.3 0.3 3.3 3.0 7.5 
1982 44018 5.8 0.5 3.3 0.3 3.0 3.1 4.6 
1983 44369 6.1 0.5 3.5 0.3 2.7 3.2 2.4 
P- value

¤
 >0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

¤
two sided 



Table II. Unadjusted relationship between female index individuals’ background characteristics and the 

probability of becoming a parent. Swedish population cohort 1973-1983. Cut-off year 2006. 

 
Background 
characteristic 

Birth characteristics of index persons  
Outcome of 
one or more 
births (%) 

No. Preterm 
birth (all) 

Very 
preterm 
birth 

Low 
birth 
weight 

Very 
low 
birth 
weight 

Small for 
gestational 
age 

Large for 
gestational 
age 

Mother’s educational level 
Missing 32807 5.5 0.5 4.9 0.3 5.1 2.0 40.1 
9-10 years 141543 4.9 0.4 4.5 0.3 4.9 2.5 47.5 
11-13 years 208691 4.3 0.4 3.8 0.2 4.1 2.4 38.2 
≥14 years 111651 3.7 0.3 3.0 0.2 3.1 2.4 26.7 
P- value

¤
  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Fathers educational level 
Missing 37025 5.2 0.5 4.6 0.4 5.0 2.0 39.2 
9-10 years 156137 4.6 0.4 4.2 0.3 4.6 2.6 45.9 
11-13 years 196977 4.4 0.4 3.9 0.3 4.2 2.3 38.6 
≥14 years 104553 3.9 0.3 3.2 0.2 3.2 2.4 26.3 
P- value

¤
  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Mother’s marital status 
Married 342918 4.2 0.3 3.6 0.2 3.8 2.6 37.3 
Divorced/widow 134483 4.8 0.4 4.5 0.3 5.1 1.9 41.0 
Unmarried 17291 6.3 0.6 5.5 0.4 5.3 2.7 39.1 
P- value

¤
  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Parents’ country of origin 
Both Nordic 456493 4.3 0.4 3.8 0.3 4.1 2.4 39.1 
One or both non-Nordic 38199 5.4 0.5 4.7 0.4 4.7 2.0 29.9 
P- value

¤
  <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 

Mother’s age 
13-19 years 27582 5.8 0.5 5.0 0.3 5.6 1.5 59.3 
20-26 years 218771 4.1 0.3 3.7 0.2 4.5 1.8 44.2 
27-33 years 198192 4.2 0.3 3.7 0.2 3.7 2.7 31.9 
≥34 years 50147 5.9 0.5 4.8 0.4 3.9 4.2 27.1 
P- value

¤
  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Mother’s parity 
No previous children 209916 4.6 0.4 4.1 0.3 5.0 1.5 38.5 
Previous children 284776 4.3 0.4 3.7 0.2 3.5 3.1 38.2 
P- value

¤
  <0.001 0.046 <0.001 0.003 <0.001 <0.001 0.004 

Twin birth (index women) 
No 486346 3.9 0.3 3.2 0.2 3.8 2.4 38.5 
Yes 8346 34.7 3.2 41.9 2.6 24.3 .40 33.5 
P- value

¤
  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Year of birth (index women) 
1973 49397 4.0 0.3 3.7 0.2 5.0 2.3 66.8 
1974 50302 3.9 0.3 3.8 0.2 5.0 2.2 62.4 
1975 47543 4.3 0.3 4.1 0.2 5.1 2.2 56.8 
1976 45081 4.1 0.3 3.8 0.2 4.5 2.1 49.5 
1977 43948 4.0 0.3 3.6 0.2 4.2 2.3 42.5 
1978 42894 4.2 0.3 3.7 0.2 4.0 2.3 35.7 
1979 44284 4.5 0.4 3.8 0.3 3.7 2.5 29.7 
1980 44577 4.5 0.4 3.9 0.3 3.8 2.5 23.5 
1981 43487 4.8 0.5 4.2 0.3 3.7 2.4 18.3 
1982 41533 5.1 0.5 4.1 0.4 3.4 2.8 14.3 
1983 41646 5.4 0.4 4.0 0.3 3.1 2.9 11.1 
P- value

¤
  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

 ¤
two sided 



of both the parents were coded according to the Swedish educational system: elementary 

school (9 or 10 years of education), high school (11–13 years), and graduate and postgraduate 

education (14 years or more). Information on the parents’ country of origin was coded to 

indicate if at least one of the parents had been born outside the Nordic countries or if both 

parents had been born in the Nordic countries. The marital status of the mothers was coded as 

married, unmarried, and divorced or widowed at the time of the first delivery. The mothers’ 

parity at the time of giving birth to the index men was split into two categories: no previous 

children and one or more previous children; and the mothers’ age was split into four 

categories: 13–19, 20–26, 27–33, and 34 years or more. The year of birth of the index 

individuals and the classification of the birth as twin birth or not twin birth were also included 

as background variables. Information on the educational levels of 34,421 mothers and the 

38,967 fathers were missing.  

 

Statistical analyses 

In order to investigate the unadjusted relationship between the index individuals’ background 

characteristics and the rate of becoming a parent we used chi-square analysis.  Those 

background characteristics were then treated as potential confounders and adjusted for using 

Cox’s proportional hazards model to isolate the relationship between birth characteristics and 

the hazard ratio of becoming a parent.  Subjects exited from risk when they gave birth 

to/fathered the first child, emigrated for the first time, died, or reached the end of follow-up, 

whichever took place first as described above.  Since low birth weight is strongly correlated to 

short gestational length in Sweden, all birth weight analyses were adjusted for gestational 

length. All analyses were performed using SPSS, version 16.0 (SPSS Inc., Chicago, IL). 

 



RESULTS 

Of the index individuals 21,833 women and 26,638 men were born preterm, 19,215 women 

and 16,813 men were born with low weight, 20,600 women and 19,862 men were born SGA, 

11,924 women and 14,597 men were born large for gestational age (LGA).  These frequencies 

and those of additional variables are shown in Table III. 

 

Background variables 

The background characteristics of the parents of the index individuals all showed significant 

bivariate differences apart from the non-significant finding of the effect of mother’s parity on 

the outcome of very low birth weight (Tables I & II).  

 

Relationship between birth characteristics and future reproduction 

Among all index women in the study cohort, 195,720 (39.6%) had given birth by 2006 and 

138,059 (26.4%) of the men had become fathers, adjusted for mortality and emigration. In 

Table III the relation between birth characteristics and the rate of giving birth (for index 

women) or becoming a father (for index men) is presented.  

 

For the index women, the hazard ratio of giving birth is lower for those born preterm (Hazard 

Ratio (HR) = 0.941, confidence interval (CI): 0.919-0.963) and low weight (HR=0.951, CI: 

0.928-0.974).  Gestational length and birth weight are positively correlated to the rate of 

giving birth. The extent of the effect ranges between roughly 5% lower reproduction for those 

born after less than 37 weeks gestation and more than 30% lower for those born after less than 

27 weeks. For birth weight under 2,500g the reduction is roughly 5% while women born with 

very low and extremely low birth weight can have up to a 33% reduced rate of reproduction 

(Table III). Size for gestational age has no statistically significant relationship with the rate of 

giving birth in the female cohort born between 1973-1983. 



Table III. Adjusted Hazard Ratio of reproducing and corresponding 95% CI* for the entire cohort: 

1973-1983 separated by gender. Cut-off year 2006. 
 

 Variable Frequency HR 95% CI for HR P-value
¤
 

Males Term Reference level 

 Preterm all (<37 weeks) n=26,638 0.940 0.913 – 0.967 <0.001 

 Preterm only (32-36 weeks) n=24,556 0.954 0.926 – 0.982 0.002 

 Very preterm (<32 weeks) n=2,082 0.775 0.696 – 0.862 <0.001 

 Extremely preterm (<27 weeks) n=102 0.561 0.318 – 0.987 0.045 

 >42 weeks n=11,875 0.994 0.958 – 1.030 0.729 

 Normal birth weight Reference level 

 Low-weight (<2,500g) n=16,813 0.893 0.865 – 0.920 <0.001 

 Low-weight only (1,500-2,500g) n=15,637 0.892 0.860 – 0.926 <0.001 

 Very low weight (1,000-1,499g) n=1,176 0.834 0.706 – 0.946 0.021 

 Exteme low-weight (<1,000g) n=153 0.641 0.401 – 1.038 0.067 

 Appropriate for Gestational Age Reference level 

 Small for Gestational Age n=19,862 0.912 0.885 – 0.941 <0.001 

 Large for Gestational Age n=14,597 1.024 0.988– 1.062 0.195 

      

Females Term Reference level 

 Preterm all (<37 weeks) n=21,833 0.941 0.919 – 0.963 <0.001 

 Preterm only (32-36 weeks) n=20,025 0.953 0.931 – 0.977 <0.001 

 Very preterm (<32 weeks) n=1,808 0.810 0.745 – 0.880 <0.001 

 Extremely preterm (<27 weeks) n=93 0.685 0.447 – 1.051 0.083 

 >42 weeks n=11,689 1.012 0.985 – 1.040 0.370 

 Normal birth weight Reference level 

 Low-weight (<2,500g) n=19,215 0.951 0.928 – 0.974 <0.001 

 Low-weight only (1,500-2,500g) n=17,936 0.962 0.938 – 0.987 0.003 

 Very low weight (1,000-1,499g) n=1,279 0.799 0.716 – 0.890 <0.001 

 Exteme low-weight (<1,000g) n=192 0.674 0.496 – 0.915 0.011 

 Appropriate for Gestational Age Reference level 

 Small for Gestational Age n=20,600 1.009 0.987 – 1.031 0.437 

 Large for Gestational Age n=11,924 1.014 0.984 – 1.045 0.353 

*Adjusted for all socio-economic background variables presented in tables 1 &2 
¤
two sided 

 

 

 

For SGA men; however, a 9% lower reproductive rate is seen. As in the female cohort, 

gestational length and birth weight are positively correlated  to the rate of giving birth, and 



reproductive rates are about 6% lower for preterm to 44% lower for extremely preterm. Low 

birth weight is associated with an 11% reduction in reproduction while being born extremely 

low weight is associated with a 36% reduction. See Table III for confidence intervals.  

 

Table IV presents the same variables’ relationship to reproduction after the index group of 

men and women is divided into three cohorts: cohort “A” born 1973-1975, cohort “B” born 

1976-1979, and cohort “C”  born 1980-1983. At the time of cut-off, the individuals in cohort 

“A” were between 31-33 years old, in cohort “B” between 27-30 years old, and in cohort “C” 

between 23-26 years old.  

 

The lower reproductive rate seen in the entire cohort of women born premature is apparent in 

the women born between 1973-1979 (the eldest two of the three cohorts), and a trend towards 

the same findings is found in the youngest cohort, although it does not achieve statistical 

significance. The oldest cohort shows reduced reproductive rates in those born low weight 

while this reduction diminishes in cohort “B” and disappears altogether in the youngest 

cohort. Being born SGA has no statistically significant relationship with future reproduction, 

however, a trend towards increased likelihood of reproducing in the younger cohorts can be 

seen (cohort “A”: HR = 0.990, cohort “B”: HR = 1.035, cohort “C”: HR = 1.051). See Table 

IV for confidence intervals. Neither significance nor trend is apparent in those born LGA. 

 

As in the female cohort, males born LGA have no statistically significant changes in their 

future reproduction. The oldest cohort of males born SGA, on the other hand, have a 10% 

reduced rate of becoming a father (HR = 0.899, CI: 0.862-0.938),and a 7% reduced rate in 

those aged 27-30 years old (HR = 0.928, CI: 0.881-0.975). Trends show that appropriate for 

gestational age (AGA) individuals have higher reproduction rates than their SGA and LGA 

counterparts, as is evident when presented with a graphical view (Figure I. *Note 



Table IV. Adjusted Hazard Ratio of reproducing and corresponding 95% CI* for the study, stratified by year of 

birth and separated by gender. 

  

Cohort   A: 1973-1975 B: 1976-1979 C: 1980-1983 

 Age at cut-off  31-33 years old 27-30 years old 23-26 years old 

 Variable HR       (95% CI):    

P-value¤ 

HR       (95% CI):    

P -value¤ 

HR       (95% CI):    

P -value¤ 

Males Term Reference level Reference level Reference level 

 Preterm all (<37 weeks) 0.930 (0.893 – 

0.969): <0.001 

0.947 (0.905 – 

0.992): 0.021 

1.032 (0.950 – 

1.121): 0.453 

 Preterm only (32-36 

weeks) 

0.941 (0.903 – 

0.981): 0.005 

0.962 (0.918 – 

1.009): 0.112 

1.056 (0.971 – 

1.149): 0.205 

 Very preterm (<32 

weeks) 

0.787 (0.674 – 

0.919): 0.002 

0.789 (0.668 – 

0.931): 0.005 

0.752 (0.542 – 

1.043): 0.089 

 Normal birth weight Reference level Reference level Reference level 

 Low-weight (<2,500g) 0.859 (0.815 - 0.904): 

<0.001 

0.911 (0.860 – 

0.965): 0.001 

1.000 (0.898 – 

1.113): 0.993 

 Low-weight only (1,500-

2,500g) 

0.862 (0.817 – 

0.909): <0.001 

0.910 (0.858 – 

0.966): 0.002 

1.034 (0.926 – 

1.154): 0.557 

 Very low weight (1,000-

1,499g) 

0.852 (0.673 – 

1.077): 0.180 

0.921 (0.737 – 

1.150): 0.468 

0.632 (0.387 – 

1.033): 0.067 

 Exteme low-weight 

(<1,000g) 

0.503 (0.226 – 

1.119): 0.092 

0.961 (0.500 – 

1.848): 0.906 

0.495 (0.124 – 

1.978): 0.320 

 Appropriate for 

Gestational Age 

Reference level Reference level Reference level 

 Small for Gestational 

Age 

0.899 (0.862 – 

0.938): <0.001 

0.928 (0.882 – 

0.976): 0.004 

0.989 (0.892 – 

1.097): 0.835 

 Large for Gestational 

Age 

1.015 (0.964 – 

1.068): 0.568 

1.033 (0.974 – 

1.095): 0.282 

1.083 (0.975 – 

1.204): 0.138 

     

Females Term Reference level Reference level Reference level 

 Preterm all (<37 weeks) 0.939 (0.907 – 

0.972): <0.001 

0.920 (0.885 – 

0.956): <0.001 

0.982 (0.930 – 

1.037): 0.524 

 Preterm only (32-36 

weeks) 

0.962 (0.929 – 

0.997): 0.032 

0.921 (0.884 – 

0.959): <0.001 

0.992 (0.938 – 

1.050): 0.789 

 Very preterm (<32 

weeks) 

0.705 (0.619 – 

0.804): 0.000 

0.906 (0.793 – 

1.042): 0.150 

0.883 (0.736 – 

1.060): 0.183 

 Normal birth weight Reference level Reference level Reference level 

 Low-weight (<2,500g) 0.919 (0.886 – 

0.952): <0.001 

0.971 (0.932 – 

1.012): 0.165 

1.007 (0.949 – 

1.068): 0.821 

 Low-weight only (1,500-

2,500g) 

0.937 (0.904 – 

0.972): 0.001 

0.975 (0.935 – 

1.017): 0.247 

1.012 (0.951 – 

1.076): 0.710 

 Very low weight (1,000-

1,499g) 

0.606 (0.505 – 

0.728): <0.001 

0.965 (0.817 – 

1.140): 0.678 

0.968 (0.769 – 

1.219): 0.782 

 Exteme low-weight 

(<1,000g) 

0.579 (0.321 – 

1.046): 0.070 

0.596 (0.353 – 

1.007): 0.053 

0.874 (0.535 – 

1.426): 0.589 

 Appropriate for 

Gestational Age 

Reference level Reference level Reference level 

 Small for Gestational 

Age 

0.990 (0.961 – 

1.020): 0.512 

1.035 (0.997 – 

1.074): 0.071 

1.051 (0.990 – 

1.112): 0.108 

 Large for Gestational 

Age 

0.990 (0.948 – 

1.035): 0.667 

1.039 (0.989 – 

1.092): 0.122 

1.034 (0.961 – 

1.112): 0.375 

 

*Adjusted for all socio-economic background variables presented in tables 1 &2 

¤two sided 

significance). Prematurity and low birth weight similarly have a strong negative relationship 

with the reproductive rate of men in the oldest cohort (7% and 14% respectively), and a 



milder but still significant relationship in cohort “B” (5% and 9% respectively). No trends or 

significance are seen in the cohort that was between 23-26 years old at the time of cut-off in 

2006. 

 

Hazard Ratio of Small and Large for Gestational Age  

Compared to Appropriate for Gestational Age 

 

 

 
* = p<0.01 

 

Of the entire cohort for both males and females, individuals with a Cerebral Palsy or mental 

retardation diagnosis according to the Hospital Discharge Registry were excluded from the 

“Preterm all” variable to determine the possibility of interplay between neurological status 

and reproduction with regards to sub-optimal birth characteristics.  No difference in 

reproductive rate was found after this exclusion (data not shown). 

 

DISCUSSION 

Results from a previous study on the cohort of women born between 1973-1975 and using 

year 2001 as cut-off show that SGA women had a statistically significant increased rate of 

reproduction by the time they reached 25-27 years of age, while very low birth weight was 

associated with a reduced reproductive rate (Ekholm, et al., 2005)  In that study the trend 

towards decreasing  reproduction with increasing age for individuals with sub-optimal birth 
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characteristics was already seen. The current study supports that early identified trend and 

shows that the reproductive rate of adult women – themselves born premature or with low 

birth weight – diminishes more with age when compared to their counterparts born at term 

and with normal birth weight. The matter of a woman being born SGA is, on the other hand, 

less clear.  The cohort of women born 1973-1975  had a 14% increased reproductive rate by 

the time they were 25-27 years of age (in 2001) (Ekholm, et al., 2005). That increase 

disappeared entirely by the time that same cohort reached 31-33 years of age (in 2006), and 

SGA shows no significant relationship with reproduction when the entire cohort of some 

500,000 women born between 1973-1983 is analysed.  The underlying reasons for this are a 

matter of conjecture and may be either physiological effect modifiers, socio-economic 

confounders not able to be adjusted for, or both. For instance: small studies have shown a link 

between SGA and early menarche and precocious pubarche (Ibanez L and de Zegher F, 

2006). It is possible that these girls become sexually active earlier in life than those born 

appropriate for gestational age (AGA) as a result of early sexual maturation. However, the 

observed connection between SGA and low socio-economic status and between increased 

probability of giving birth and low socio-economic status cannot be overlooked, and the 

increased reproductive rate for SGA women may indeed be a result of socio-economic status, 

but that trend is not at all apparent in women born preterm or low birth weight: two factors 

also strongly correlated to low socio-economic status. Reasons for the underlying cause of 

SGAs positive relationship with reproductive rate in young women remain unclear.  

 

The effect of being born SGA shows a gender dimorphism, as the increased reproductive rate 

of young women is not seen in their male cohort counterparts. Young SGA males have the 

same reproductive rate as for the population as a whole, while as they enter their fourth 

decade that likelihood reduces by 7-10 percent. Prematurity and low birth weight both have a 

negative correlative relationship with the rate of reproducing; that is, the more premature a 



male is born the less likely he is to father a child; and the lower the birth weight the less likely 

to father a child. And like those born SGA, that relationship becomes more apparent as the 

individuals age. Suggestions of a physiological reason for this reduction may be considered in 

regards to research that shows a link between sub-optimal birth characteristics and 

development of hypospadias and cryptorchidism – two factors coupled to impaired testis 

function.  However, mixed results on the implications of IUGR for male reproductive 

hormones and testis function, adjusted for the presence of congenital malformations, leave the 

matter unresolved (Main KM, et al., 2006).  

 

Since the mean age of reproduction in Sweden is roughly 29 for women and 31.5 for men 

(Centre for Epidemiology NBoHaW, 2004, Statistics-Sweden, 2006), the cohort born between 

1973-75 most closely resembles the hazard ratio of reproducing. However, since that cohort 

was between 31-33 years of age at cut-off, they still had not reached the conclusion of their 

reproductive lives, and it will be of interest to follow the cohort for an additional 10 years to 

see if the trends continue, progress or regress with special regards to the index individuals’ 

lifetime socio-economic circumstances. 

 

The underlying causes of the findings here are certainly complex, and a lower reproduction 

rate does not necessarily equate to infertility or reduced fecundity. Though we have adjusted 

for certain socio-economic variable available through Sweden’s unique compilation of 

registries, other potential behavioural, nutritional, and environmental confounders doubtless 

play a role.  While a review of adult outcomes of preterm children suggests correlation to 

lower IQ, poorer educational attainment, behavioural problems and reduced sexual activities, 

the contributing original articles often show conflicting results. However, two consistent 

predictors of adult outcomes are gestational age and family sociodemographic status (Hack 

M, 2009); factors that are controlled for in the current study.  A limitation of this register 



study is the unavailability of information on potential confounders; such as smoking, alcohol, 

and body-mass-index to name a few. While we adjusted for the index individuals’ parents age 

and educational levels – themselves indicators of the index individuals educational levels – 

those data were collected in 1985. While this date is close to the birth date of the index 

individuals, more current data may have strengthened our conclusions. As proposed above, 

following this cohort while widening the scope of variables to minimize confounding will 

allow us to expound on our knowledge and enrich our understanding of the complex interplay 

between physiological, social, and psychological factors of reproduction. 

 

In the past decades there has been an improvement in the medical treatment of children born 

preterm and/or with restricted fetal growth. This improvement has resulted not only in a 

considerably higher survival rate, but also in a higher number of surviving children with 

chronic conditions that may have consequences for reproduction. As we progress into the 21
st
 

century, individuals in western societies continue to delay reproducing and the mean age of 

becoming a parent is rising. Since sub-optimal characteristics are generally associated with a 

reduced rate of reproduction, and that association seems to strengthen as individuals age, one 

may conclude that childlessness in this group probably will increase. 
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