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Abstract 

Advanced paternal age has been associated with a variety of rare conditions and diseases of great public 

health impact. An increased number of de novo point mutations in sperm with increasing age have been 

suggested as a mechanism, which would likely also affect fetal viability. We examined the association 

between paternal age and stillbirth rate in a large nationwide cohort. We identified all pregnancies in 

Denmark from 1994 to 2010 carried to a gestational age of at least 22 completed weeks (n=944 031) as 

registered in national registers and linked to individual register data about the parents. The hazard ratio 

of stillbirth according to paternal age was estimated, adjusted for maternal age in 1-year categories, year 

of outcome, and additionally parental educational levels. The relative rate of stillbirth (n=4946) 

according to paternal age was found to be J-shaped with the highest hazard ratio for fathers aged more 

than 40 years when paternal age was modelled using restricted cubic splines. When modelled 

categorically, the adjusted hazard ratios of stillbirth were as follows: <25, 1.16 (95% confidence interval, 

CI: 1.01-1.34); 25-29, 1.03 (95% CI: 0.95-1.11); 35-39, 1.16 (95% CI: 1.07-1.26); 40-44, 1.41 (95% CI: 1.26-

1.59); 45-49, 1.20 (95% CI: 0.97-1.49); 50+, 1.58 (95% CI: 1.18-2.11), compared with fathers aged 30-34 

years. These estimates attenuated slightly when further adjusted for parental education. Our study 

showed that paternal age was associated with the relative rate of stillbirth in a J-shaped manner with the 

highest hazard ratios among fathers aged more than 40 years. 
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Introduction 

Paternal age effects on offspring health have attracted scientific interest in recent years. In addition to 

the increasing age of fathers in Western countries, an impetus has been the contention that diseases 

associated with advanced paternal age may involve new mutations in their etiology [1]. A recent 

comprehensive analysis of human spontaneous mutations revealed a strong influence of paternal age 

and showed that, with age, mutations accumulate in the sperm DNA [2]. Specific mutations of paternal 

origin have long been known to be associated with a number of rare conditions [1,3–8] and more 

recently developmental disorders and other long term health problems in the offspring have been 

associated with advanced paternal age [2,9–21]. We have previously found an excess risk of mortality 

among children less than five years of age born to older fathers (40+ years) [22] and paternal age at 

childbirth has also been identified as a predictor for a number of adverse reproductive outcomes [23–

29]. In this light, it is conceivable that the risk of fetal death would be affected by increased paternal age, 

but little is known about the association between paternal age and stillbirth. Available evidence on this 

association specifically (while excluding early neonatal deaths in the case definition) is limited to a 

handful of studies. These studies found a positive association between advanced paternal age and risk of 

stillbirth [22,26,30–33], but the magnitude of the association, the study designs, and the analytical 

approaches were heterogeneous.  As stillbirth is a relatively rare event, an association between paternal 

age and risk of stillbirth may be overlooked in small studies; and since maternal and paternal ages are 

correlated, an observed excess risk could be attributable to residual confounding by maternal age.  

We conducted a large population based cohort study of all pregnancies in Denmark from 1994 through 

2010 and the objective of the study was to determine the relationship between paternal age and 

stillbirth rate while assuring a sensitive adjustment for confounding by maternal age.  
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Methods 

Data 

All pregnancies carried to a gestational age of at least 22 completed weeks that ended in Denmark from 

1 January 1994 to 31 December 2010 were identified as registered in national administrative and health 

registers. Information about the pregnancy, the date of the pregnancy outcome, and the gestational age 

was obtained from the Danish Medical Birth Register, the Danish National Patient Register, and the 

Register of Induced Abortions. Information about paternity was obtained using data from registers at the 

Statistics Denmark. The official administrative and health registers in Denmark are in general of high 

quality and contain mandatory physician or midwife-assigned diagnoses etc. Additional information 

about the data sources is given in Online only supplementary material. Statistics Denmark linked 

information from the registers using a unique identification number which was concealed before 

releasing the data for analysis.  

In order to assure that the identification of paternity was independent of pregnancy outcome we applied 

the same procedure for paternity identification for all pregnancies: 1) If a woman was married her 

spouse was assumed to be the father; 2) If a non-married woman lived in the same household as a male 

with whom she has a common child he was assumed to also be the father of the index pregnancy; and 3) 

If a non-married woman lived in the same household as a sole male (who is not a close relative) with less 

than 15 years age difference he was assumed to be the father. This was identified at the 1st of January in 

the year of the pregnancy outcome. 

Study Population 

From 1994 to 2010, 1 589 208 pregnancies with an identified outcome were registered in Denmark. We 

included all pregnancies at risk of resulting in a stillbirth (≥22 completed weeks) in the study, 

independent of pregnancy outcome, corresponding to a total of 1 126 793 pregnancies. We excluded 930 

pregnancies either because the assigned ‘father’ was a woman (the mother was married to a woman) 
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(n=869), the pregnancy was ectopic (n=14), or due to registration errors in the id number of the mother, 

the father, or the child (n=47). We furthermore excluded pregnancies where we were unable to assign a 

father (n=181 832), resulting in a study population of 944 031 pregnancies. For the analysis further 

adjusted for parental educational levels pregnancies without information on these covariates were 

excluded (n=29 724). 

Stillbirth 

All births of a child not showing any signs of life with a gestational age of 22 completed weeks or more 

were defined as a stillbirth. Details about the definition of stillbirth are given in Online only 

supplementary material. We examined stillbirth overall and four subgroups of stillbirth: preterm (≥22 

and <37 completed weeks of gestation); non-preterm (≥37 completed weeks of gestation); early (≥22 

and <28 completed weeks of gestation); and late (≥28 completed weeks of gestation) stillbirth.  

Statistical analysis 

The stillbirth rate was estimated according to paternal age using a Cox proportional hazard model with 

gestational age in days as the underlying time variable. The pregnancies were followed from day 154 of 

gestation (22 completed weeks) to date of pregnancy outcome. Live births, terminations of pregnancy, 

and molar pregnancies were censored at date of event. All estimates were adjusted for maternal age in 

1-year categories with the maternal age extremes in groups (<18 years and 45+ years), year of outcome 

categorized in three categories: 1994-1999, 2000-2005, 2006-2010, and additionally parental educational 

levels divided into four groups: higher (long cycle higher education); medium (short/medium cycle higher 

education); lower (vocational education and upper secondary school); and basic (9th grade or lower). 

To allow for a non-linear association, paternal age was modelled using restricted cubic splines with five 

knots placed at 24, 28, 31, 34, and 41 years [34]. We also examined the stillbirth rate according to 

paternal age groups; <25 years, 25-29 years, 30-34 years, 35-39 years, 40-44 years, 45-49 years, and 50+ 

years using the largest group as reference (fathers aged 30-34 years). The overall effect of paternal age 
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was examined by use of a Wald test, testing if the parameters of interest were simultaneously equal to 

zero.  

The proportional hazard assumption was tested using the Schoenfeld residuals. We found that the 

assumption was violated for one of the strata in the covariate year of outcome. To examine whether the 

violation affected the estimates of our main exposure (paternal age) we included an interaction term 

between year of outcome and the underlying time variable. This analysis showed that the paternal age 

estimates were essentially the same. Some women contributed with several pregnancies to the study 

population and to take account of the clustered nature of the data we used a robust standard error 

estimator. Interaction between maternal age (<30, 30-34, 35+ years) and paternal age (<30, 30-34, 35+ 

years) was examined using a Wald test. The result provided no strong evidence of interaction in the 

model (chi2(4 d.f.)=3.40, p=0.49), and thus all results are presented without an interaction term included 

in the analyses.  

Sensitivity analysis 

In pre-planned sensitivity analyses, we further adjusted the model for maternal reproductive history and 

also parental ethnic origin. Details about the definition of these variables are given in Online only 

supplementary material. Furthermore, we restricted the analysis to pregnancies where the mother and 

the father were born in Denmark. We also restricted the analysis to singleton pregnancies and to 

pregnancies where the mother had no previous live birth(s) or stillbirth(s).  

Analyses were performed using Stata version 14.0. 

 

Results 

We succeeded in assigning a father to 84% of the 1 126 793 pregnancies (n=944 031) and of these 99.5% 

resulted in a live birth (n=938 907) and 0.5% in a stillbirth (n=4946). Very few (n=178) experienced other 

pregnancy outcomes (Table 1) (Table 1 here). Late paternity at or beyond 40 years occurred in 8% of the 



7 
 

944 031 pregnancies (n=77 053) (Table 1). The total amount of time at risk was 117 201 206 days for the 

analysis of stillbirth overall. 

The highest median paternal age was seen when the mother was aged 45+ years and when the parents 

had medium or higher educational levels (Table 2) (Table 2 here). The correlation between maternal and 

paternal age was relatively high (Spearman’s rho=0.68, p<0.001); however, the standard deviation of 

paternal age for any given maternal age was between 3.7 and 6.5, showing sufficient variation (Online 

supplementary Table 1). 

When modelling paternal age using splines, the association between paternal age and stillbirth rate was 

found to be J-shaped with higher hazard ratios with higher paternal age as well as with younger paternal 

age compared to the reference group (32 years) (Figure 1) (Figure 1 here). Estimates for specific paternal 

ages from this analysis are presented in Table 3 (Table 3 here). 

The hazard ratios of stillbirth according to paternal age group are presented in Table 4 (Table 4 here). 

The overall Wald test showed an association between paternal age and stillbirth rate in the unadjusted 

analysis and in the analysis adjusted for maternal age in 1-year bands and year of outcome (Table 4). The 

hazard ratios were higher for the paternal age groups older than the reference group (30-34 years). Also, 

the rate in the youngest age group (<25 years) was higher than in the reference group. This analysis 

included 29 724 pregnancies lacking information about parental educational levels. Restricting the 

analysis to pregnancies with complete covariate information showed essentially the same estimates. The 

analysis further adjusted for parental educational levels showed the same pattern in the estimates; the 

further adjustment seemed to marginally attenuate the association. The overall Wald test also showed 

an association between paternal age and stillbirth rate in this analysis (Table 4). The overall shape of the 

association was the same when analysing subgroups of stillbirth: preterm, non-preterm, early, and late 

(Online supplementary Table 2). 

Sensitivity analyses 



8 
 

Further adjustment for reproductive history or parental ethnic origin this did not change the estimates 

appreciably (Online supplementary Table 3 and Table 4); neither did restricting the analysis to 

pregnancies where both the parents were born in Denmark (Online supplementary Table 5). Likewise, 

restricting the analysis to singleton pregnancies (Online supplementary Table 6) or to pregnancies where 

the mother had no previous live birth(s) or stillbirth(s) (Online supplementary Table 7) showed 

essentially the same results as for the full cohort.  

 

Discussion 

In this large nationwide cohort study of all pregnancies registered in Denmark between 1994 and 2010, 

the relationship between paternal age and the stillbirth rate (≥22 completed weeks) was found to be J-

shaped; compared to fathers aged 32 years, the stillbirth rate was higher among younger fathers and 

highest among older fathers. Similar results were found when examining subgroups of stillbirth (preterm, 

non-preterm, early, and late).  

Strengths and limitations of this study 

Strengths of this study include the use of the Danish population-covering registers that made it possible 

to identify all pregnancies in Denmark over a period of 17 years. Use of the registers also minimised the 

risk of bias due to non-response and to information bias arising from recall.  

Paternity information is not always recorded in the Danish Medical Birth Register (live births: 98%, 

stillbirths: 65%, other pregnancy outcomes: none), and because we wanted to include as many stillbirths 

(and other pregnancy outcomes) as possible and because we wanted the identification of paternity to be 

independent of pregnancy outcome we applied an algorithm for paternity identification for all the 

pregnancies. The validity of the fathers assigned by this procedure was evaluated by crosschecking the 

identity of fathers registered in the Danish Medical Birth Register with the identity of fathers assigned by 

our procedure. The result showed an agreement of 99% for live births and 97% for stillbirths. We also 
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examined the association between paternal age and stillbirth rate based on the paternity registered in 

the Danish Medical Birth Register and used the paternal age registered here; the results showed slightly 

higher estimates for fathers aged 40 years or older though with greater standard errors due to fewer 

cases (Online supplementary Table 8). Furthermore, the overall shape of the association between 

maternal age and stillbirth rate were similar in the included pregnancies (with information about 

paternity) and the excluded pregnancies (without information about paternity, n=181 832) (Online 

supplementary Table 9). Uncertainty about paternity still exists and it cannot be ruled out that in some 

cases the paternity assignment were incorrect (the assigned father is not the biological father) and hence 

the paternal age information may be misclassified; however, the use of the algorithm to assign paternity 

is unlikely to produce the observed results.  

We included all fetuses regardless of plurality in the analysis as the results from a sensitivity analysis 

restricted to singleton pregnancies showed the same patterns (Online supplementary Table 6) and thus 

the potential bias due to the dependence between observations in the same pregnancy seemed 

negligible. 

As it is debatable whether educational level should be regarded as a confounder or a mediator of the 

association between paternal age and stillbirth rate we presented results both with and without 

adjustment for parental educational levels. Estimates were in general a little higher without adjustment 

for educational levels; the biggest change in the estimates was seen for fathers aged 50+ where the 

hazard ratio changed from 1.58 to 1.33.  

It is possible that unmeasured confounding could partly account for the association found in this study. 

Maternal obesity is a risk factor for stillbirth [35] and is related to the age of the mother (and hence the 

father). Unfortunately, information about maternal weight was not available for this study. Likewise, 

sub-fertile couples may have a greater probability of stillbirth and could be overrepresented among the 

oldest couples. In a previous cohort study based on data from the Danish National Birth Cohort (DNBC, 
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constituting a small sub-sample of the study population of this study) a marginally higher paternal age-

related relative risk of fetal death was actually found in a sub-cohort restricted to pregnancies not 

preceded by assisted reproductive technologies [26] suggesting that being sub-fertile is not a very 

important confounder.  

Comparison with other studies and discussion of potential mechanism 

Available evidence on the association between paternal age and stillbirth is limited to a handful of 

studies which all find a positive association between advanced paternal age and risk of stillbirth, but the 

magnitude of the association, the study designs, and the analytical approaches were heterogeneous 

[26,30–33]. One of the studies, based on data from the DNBC, found a nearly four times higher hazard 

ratio among fathers aged 50+ years compared to fathers aged 25-29 years; however, the study was small 

and only three stillbirths (≥20 weeks of gestation) occurred in this age group [26]. Another study found 

associations with similar magnitude as was found in this study for stillbirths overall (≥20 weeks of 

gestation). The study also found an excess risk of late stillbirth (>28 weeks) but not early stillbirth (≤28 

weeks) among pregnancies fathered by males aged >45 years [30] which do not support our findings for 

early and late stillbirths. In two of the previous studies adjustment for maternal age was done in broad 

age categories [30,31]; however, the results from these studies are similar to what we found in this study 

indicating that residual confounding by maternal age may not have been a major problem in previous 

studies.  

When estimating the association between paternal age and stillbirth, other pregnancy outcomes are to 

be considered as competing events, but only the previous Danish study based on data from the DNBC 

[26] took into account the competing risks from pregnancy outcomes other than stillbirth by censoring 

these events at the date they occurred. In this study, live birth is a considerable competing event and as 

a consequence the hazard (rate) ratios should not be interpreted as relative risks but as relative rates 

[36]. This is described in more detail in Online only supplementary material.  
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This study is not a study on mutations in sperm directly; however, accumulation of mutations in sperm 

DNA with age is one plausible biological explanation for the association between advanced paternal age 

and stillbirth rate. Paternal epigenetic factors may also mediate the intergenerational inheritance of 

disorders as suggested in recent mouse models [37,38], and hence stable epigenetic mutations may also 

play a role. Accumulation of deleterious exposures with age, e.g. due to environmental or lifestyle 

factors, is also a possible explanation and also these exposures could increase the mutation load. The 

slightly higher stillbirth rate found in this study for the youngest fathers could be a result of other health 

behaviours or lifestyle factors that are more prevalent among the youngest parents. The examination of 

such potential mediating or confounding factors between paternal age and stillbirth is rarely possible in 

register-based studies. Several lifestyle factors was found to be differently distributed between parental 

age groups in the previous Danish cohort study based on data from the DNBC, but controlling for 

smoking, alcohol consumption, and coffee consumption had only a minor influence on the paternal age 

risk estimates [26].  

 

Conclusions 

In this large nationwide register-based cohort study the relationship between paternal age and stillbirth 

rate was found to be J-shaped with the highest relative rate found for fathers of advanced age. Though 

the study showed that paternal age plays a modest role in relation to the stillbirth rate, the results 

support the view that advanced paternal age affects offspring health and moreover the findings could be 

used to derive hypotheses for future studies of stillbirth mechanisms.  

Given the modest role of paternal age in relation to stillbirth and the relatively small proportion of 

pregnancies sired by fathers of advanced age the public health impact of the contemporary increase in 

paternal age at childbirth is limited. However, parental age at childbirth is increasing in most of the 

Western world [39] and if the proportion of fathers of advanced age continues to increase and 
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particularly if the association, though modest, between advanced paternal age and stillbirth rate is an 

indication of other detrimental effects, which may express themselves later in the life of the offspring of 

fathers of advanced age, postponing of fatherhood may affect public health.  
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Fig.1 

Hazard ratio for stillbirth (≥22 completed weeks of gestation) according to paternal age. The left y-axis is on logarithmic scale and represents 
the hazard ratio (solid line), adjusted for maternal age and year of outcome, with 95% confidence interval (dotted lines) for stillbirth for any 
value of paternal age compared to the mean paternal age (32 years). Paternal age was modelled using restricted cubic splines. The right y-
axis is on arithmetic scale and represents the paternal age distribution (in %) of all registered pregnancies ≥22 completed weeks of gestation 
in Denmark, 1994-2010, n=944 031 (the bars) 

 

 

Table 1. Pregnancy outcome according to year of outcome and paternal age at conceptiona.  

 Total pregnancies by year of outcome 
 

Pregnancy outcomes 1994-2010 
 

Paternal age, 
years 

 
1994-1999 

 
2000-2005 

 
2006-2010 

Live births Stillbirths Otherb All pregnancies 

 n % n % n % n % n % n % n % 

<25 28 204 8.3 19 680 5.9 13 825 5.2 61 338 6.5 356 7.2 15 8.4 61 709 6.5 

25-29 110 738 32.5 95 510 28.6 67 264 25.0 272 152 29.0 1309 26.5 51 28.7 273 512 29.0 

30-34 122 230 35.8 124 149 37.2 103 805 38.6 348 480 37.1 1647 33.3 57 32.0 350 184 37.1 

35-39 56 381 16.5 67 500 20.2 57 692 21.5 180 482 19.2 1054 21.3 37 20.8 181 573 19.2 

40-44 16 986 5.0 20 245 6.1 19 694 7.3 56 484 6.0 430 8.7 11 6.2 56 925 6.0 

45-49 4848 1.4 5020 1.5 4706 1.8 14 469 1.5 100 2.0 5 2.8 14 574 1.5 

50+ 1868 0.6 2060 0.6 1626 0.6 5502 0.6 50 1.0 2 1.1 5554 0.6 

Total 341 255 100 334 164 100 268 612 100 938 907 100 4946 100 178 100 944 031 100 
a All registered pregnancies ≥22 completed weeks of gestation in Denmark, 1994-2010. 
b Other pregnancy outcomes: Terminations of pregnancy and molar pregnancies. 
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Table 2. Selected characteristics of the study population according to paternal agea. Values are numbers (%b) unless 
stated otherwise. 

 Total Paternal age, years 

  <25 25-29 30-34 35-39 40-44 45-49 50+ Median 

 944 031 (100) 61 709 (7) 273 512 (29) 350 184 (37) 181 573 (19) 56 925 (6) 14 574 (2) 5554 (1)  

Maternal age, years          

<25 136 805 (14) 46 104 (75) 63 556 (23) 21 474 (6) 4458 (3) 821 (1) 270 (2) 122 (2) 26 

25-29 365 362 (39) 13 446 (22) 169 009 (62) 140 696 (40) 33 424 (18) 6672 (12) 1456 (10) 659 (12) 30 

30-34 319 759 (34) 1887 (3) 37 065 (14) 164 345 (47) 89 796 (50) 20 600 (36) 4411 (30) 1655 (30) 33 

35-39 108 729 (12) 259 (0.4) 3613 (1) 22 478 (6) 50 559 (28) 23 647(42) 6075 (42) 2098 (38) 37 

40-44 13 009 (1)  13 (<0.1) 266 (0.1) 1174 (0.3) 3286 (2) 5095 (9) 2226 (15) 949 (17) 41 

45+ 367 (<0.1) 0 (0) 3 (<0.1) 17 (<0.1) 50 (<0.1) 90 (0.2) 136 (1) 71 (1) 45 

Missing information 0 - - - - - - - - 

Paternal  
educational level 

         

Basic 161 424 (17) 21 561 (35) 48 011 (18) 50 008 (14) 27 692 (15) 9988 (18) 2892 (20) 1272 (23) 31 

Lower 450 965 (48) 32 099 (52) 143 180 (52) 164 589 (47) 79 909 (44) 23 720 (42) 5572 (38) 1896 (34) 31 

Medium 194 460 (21) 5122 (8) 50 378 (18) 79 738 (23) 42 094 (23) 12 818 (23) 3184 (22) 1126 (20) 32 

Higher 120 108 (13) 1406 (2) 27 853 (10) 50 729 (15) 28 004 (15) 8812 (16) 2353 (16) 951 (17) 32 

Missing information 17 074 (2) 1521 (3) 4090 (2) 5120 (2) 3874 (2) 1587 (3) 573 (4) 309 (6) 32 

Maternal 
educational level 

         

Basic 152 263 (16) 23 172 (38) 47 029 (17) 44 230 (13) 24 770 (14) 9078 (16) 2799 (19) 1185 (21) 30 

Lower 389 654 (41) 27 429 (44) 122 763 (45) 143 061 (41) 69 270 (38) 20 479 (36) 4926 (34) 1726 (31) 31 

Medium 282 545 (30) 8520 (14) 77 467 (28) 113 697 (33) 59 309 (33) 17 950 (32) 4201 (29) 1401 (25) 32 

Higher 103 305 (11) 1232 (2) 22 427 (8) 44 301 (13) 24 840 (14) 7710 (14) 1968 (14) 827 (15) 33 

Missing information 16 264 (2) 1356 (2) 3826 (1) 4895 (1) 3384 (2) 1708 (3) 680 (5) 415 (8) 32 
a All registered pregnancies ≥22 completed weeks of gestation in Denmark, 1994-2010. 
b % may not add to 100% due to rounding. 

 

 

 

 



17 
 

Table 3. Adjusted hazard ratios (HR) and 95% confidence intervals (CI) for stillbirth (≥22 completed weeks of gestation) 
according to selected paternal ages at conceptiona. 
 

Paternal age, 
yearsb 

Adjusted 
HRc 

95% CI Adjusted 
HRd 

95% CI 

20 1.38 [1.12,1.70] 1.26 [1.02,1.56] 

24 1.18 [1.05,1.32] 1.14 [1.01,1.28] 

28 1.01 [0.92,1.11]  1.02 [0.93,1.12]  

32 1.00 [reference] 1.00 [reference] 

36 1.17 [1.08,1.27] 1.15 [1.06,1.25] 

40 1.29 [1.17,1.41] 1.23 [1.12,1.35] 

44 1.38 [1.24,1.54] 1.28 [1.14,1.43] 

48 1.48 [1.28,1.71] 1.33 [1.14,1.55] 

50 1.53 [1.30,1.80] 1.36 [1.14,1.62] 
a All registered pregnancies ≥22 completed weeks of gestation in Denmark, 1994-2010 (n=944 031). 
b Paternal age was modelled using restricted cubic splines with five knots placed at 24, 28, 31, 34, and 41 years. 
c Adjusted for maternal age and year of outcome. 
d Adjusted for maternal age, year of outcome, paternal educational level, maternal educational level. Excluding 29 724 pregnancies lacking information about parental 
educational levels (n=914 307). 
 
 

 
 

Table 4. Unadjusted and adjusted hazard ratios (HR) and 95% confidence intervals (CI) for stillbirth (≥22 completed 
weeks of gestation) according to paternal age at conceptiona. 
 

Paternal age,  
years 

N cases Unadjusted  
HR 

95% CI N cases Adjusted  
HRb 

95% CI N cases Adjusted  
HRc 

95% CI 

<25 356 1.23 [1.09,1.38] 356 1.16 [1.01,1.34] 334 1.10 [0.94,1.27] 

25-29 1309 1.01 [0.94,1.09] 1309 1.03 [0.95,1.11] 1274 1.03 [0.95,1.13] 

30-34 1647 1.00 [reference] 1647 1.00 [reference] 1593 1.00 [reference] 

35-39 1054 1.25 [1.15,1.35] 1054 1.16 [1.07,1.26] 1012 1.13 [1.04,1.24] 

40-44 430 1.64 [1.48,1.83] 430 1.41 [1.26,1.59] 404 1.34 [1.18,1.52] 

45-49 100 1.50 [1.23,1.84] 100 1.20 [0.97,1.49] 91 1.11 [0.88,1.40] 

50+ 50 2.00 [1.51,2.65] 50 1.58 [1.18,2.11] 40 1.33 [0.96,1.85] 

Total 4946 Chi2=137.1, p<0.001d 4946 Chi2=43.9, p<0.001d 4748 Chi2=23.8, p<0.001d 
a All registered pregnancies ≥22 completed weeks of gestation in Denmark, 1994-2010 (n=944 031). 
b Adjusted for maternal age and year of outcome. 
c Adjusted for maternal age, year of outcome, paternal educational level, maternal educational level. Excluding 29 724 pregnancies lacking information about parental 
educational levels (n=914 307).  
d Chi2 and P-value for overall effect of paternal age estimated using a Wald test (6 d.f.). 
 
 


