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Summary. A series of patients having onset of Type I (insulin- 
dependent) diabetes mellitus before age 17 years was identi- 
fied from consecutive admissions to the Children's Hospital 
of  Pittsburgh. Family history data were obtained yielding 
1006 families (1085 cases) with complete information. The 
prevalence of  diabetes among the children differed by birth 
order, with a greater number than expected among first born. 
There was also an increased prevalence among children born 
to mothers older than 35 years, as well as an increased preva- 
lence among children of  very young mothers. The increased 
prevalence of diabetes among offspring of  older mothers was 

apparent even after life table age corrections were made. 
However, both the increased prevalence among first born chil- 
dren and the increased prevalence among children of very 
young mothers could be attributed to an older attained age of 
these children in this particular population. This indicated 
that the maternal age effect was present but a birth order ef- 
fect was absent when age was taken into account. 

Key words: Type I diabetes mellitus (juvenile), birth order, ma- 
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Introduction 

Few studies have looked  at the effects o f  materna l  age 
or  birth order  on the risk o f  Type I ( insul in-dependent)  
diabetes meilitus. In  one  recent  repor t  on  a series o f  
624d iabe t i c  chi ldren [1], materna l  age was  posit ively 
correla ted with increased risk o f  Type I diabetes. It  was 
repor ted  that  advanced  materna l  age, ra ther  than  multi-  
parity, was the p r imary  risk factor. In  a previous  publi-  
cat ion we ana lyzed  the birth o rder  o f  diabet ic  subjects 
and  conc luded  that  w h e n  compar i sons  were m a d e  be- 
tween  families o f  the same size, diabet ic  cases t ended  to 
have a higher  bir th order  [2]. We did no t  examine  
whe ther  materna l  age was related to the risk o f  develop-  
ing Type I diabetes. I f  there was a materna l  age effect, 
the t endency  for  the diabet ic  subjects to have been  high- 
er in the bir th order  might  have been  an artefact, since 
h igher  bir th o rder  chi ldren wou ld  be more  likely to have 
older  mothers .  

We therefore  invest igated the relat ionship be tween  
materna l  age, bir th o rder  and  risk o f  developing  Type I 
diabetes in the same popu la t ion  o f  families f rom our  
registry o f  cases f rom Chi ldren ' s  Hospi ta l  o f  Pit tsburgh. 

Subjects and Methods 

Subjects 
The collection and details of the families who were included in this 
analysis have been described elsewhere [2, 3]. The cases were individ- 
uals admitted to the Children's Hospital of Pittsburgh who were diag- 
nosed during 1965-1981, were under age 17 years at diagnosis, and 
were discharged on insulin. The total number of admissions fulfilling 
these criteria was t 280. In a very few cases we found that the child 
was either no longer taking insulin or that the diabetes was secondary 
to another disorder, such as cystic fibrosis or Downs' syndrome. 
These cases (< 1% of total) were omitted. Below we refer to the re- 
maining population as our Children's Hospital (CHP) registry. As in- 
dicated in previous reports, the CHP registry is likely to be rep- 
resentative of the total population because over 70% of the Allegheny 
County cases with onset under age 17 years were seen at the Chil- 
dren's Hospital. Continued comparisons between our hospital-based 
CHP registry and our population-based Allegheny County registry 
have resulted in virtually identical results. 

Family histories were obtained by mailed questionnaires and tele- 
phone interviews from over 95% of cases. After exclusion of the 
35 adopted patients and their families, there remained 1143 families, 
each consisting of index case and first-degree relatives. In 137 of the 
families we had incomplete information regarding paternity or ages of 
family members. Therefore, the following analysis was carried out on 
1006 families. 



D. Wagener et al. : Maternal Age Effects and Diabetes 83 

Table 1. Prevalence of Type I diabetes among children by maternal 
age and by birth order 

Numbers Prevalence Current Average age 
of children age of onset 
(total (%) (years) (years) 
n = 3 282) 

Birth order 
1 1006 39.7 19.1 8.4 
2 929 29.6 16.9 9.1 
3 655 31.1 15.9 8.8 
4 +  692 29.5 14.7 8.5 

Maternal age (years) 
Under 21 335 39.4 19.1 8.8 
21-25 1132 31.9 18.2 8.9 
26-30 939 28.6 16.5 8.7 
31-35 5TI 32.9 15.3 8.9 
Over 35 285 45.3 13.3 7.6 
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Fig.t .  The cumulative frequency of Type I diabetes in children, 
grouped according to the age of the mother at the birth of the child. 
A = maternal age less than 21 years, x = maternal age 21-25 years, 
re=materna l  age 26-30years, O = m a t e r n a l  age 31-35years, 
O =maternal  age 35 years or older 

Methods 

In the analyses described below, differences between proportions 
were tested using a t-test for proportions [4]. The life table analysis, or 
survival analysis, was performed using the actuarial approach of Cut- 
ler and Ederer [5]. The BMDP statistical package [6] was used to ana- 
lyze these life tables. 

Several biases in birth order data are introduced into any study 
where each family included is identified at the onset of a disease in 
one of the children. One source of bias is that when a new family is 
identified, the index case is usually the first case in the family. There- 
fore, older siblings are necessarily unaffected. Consequently, the af- 
fected index child will usually have a higher birth order than a ran- 
dom child in these families. Another source of bias is that some 
sibships may be incomplete (i. e., do not include siblings as yet un- 
born) [7-9]. A partial solution to the problem of incomplete sibships, 
proposed by Barker and Record [8], is to include only those siblings 
born during a finite period of time and, further, to include only those 
families in which the affected (diabetic) child was born during that fi- 
nite period, This is known as a censored sample. Barker and Record 
applied this technique to congenital malformations. Since diabetes 

usually does not have onset at the time of birth, we selected a period 
of the time which corresponded to siblings who were currently aged 
/5-30years.  Those children who were going to develop diabetes 
would probably have developed it by the time of sampling, the period 
of greatest risk being ages 10-17 years. 

The prevalence rates and survival analyses were calculated for the 
entire population of siblings (see below). In addition prevalence rates 
were calculated for the censored sample of older siblings. Barker and 
Record also proposed some specialized statistics for birth order which 
Were not amenable to significance tests [81. Therefore, Gladstein and 
Spence combined the censored sample technique [9] with a birth order 
statistic proposed by Haldane and Smith [10]. This latter statistic has a 
significance test. The Haldane-Smith statistic gives weights to the var- 
ious families which depend on the total numbers of children and 
placement of the diabetic children in these families. The weight for a 
family is the expectation for the probability of finding such a family. 
The observed sum of the birth-ranks is multiplied by six and referred 
to as A. The A statistic is compared with the theoretical mean value 
for the data set. If the value of A is larger than the mean, there is an 
increased risk to higher birth order children and vice versa for a value 
of A smaller than the mean. The Haldane-Smith statistic was calculat- 
ed for these data. 

Resul ts  

Table 1 presents the relationship between maternal age 
or birth order and the risk of children developing diabe- 
tes. Of the 1 006 children who were the first born in their 
families, 39.7% were diabetic. Overall 33% of the 
3282children (t085 cases) were diabetic. Included in 
Table 1 are 10families with mothers who also had 
Type/  diabetes. These families were included in the 
analysis since the pattern of maternal age and birth or- 
der in them was similar to that in the remainder; the 
prevalence rates among the 26 children born to diabetic 
mothers in the first four maternal age groups were 50, 
37, 36, and 67%, respectively. (There were no children 
born to diabetic women aged > 35 years). 

As seen in Table/ ,  there appeared to be an in- 
creased prevalence of diabetes among offspring born to 
mothers aged > 35 years (p < 0.001). This was also true 
within each birth-order class when the data were dis- 
aggregated (not shown). There was also a suggestion of 
increased prevalence in children born to mothers under 
age 21 years (p <0.01). This tendency, however, may 
have been an artefact since the current or attained ages 
of the children in this maternal age class were generally 
greater than those of the other children (Table/). As 
well as other authors, we have demonstrated that the 
peak age of onset of diabetes is approximately 
12-14years. Therefore, most of the children from the 
younger group of mothers have gone through the 'major 
risk period' and had the 'opportunity' to develop dia- 
betes since their mean age is 19 years, whereas many 
children from mothers aged > 35 have not had such an 
'opportunity' as their mean age is only 14 years. To con- 
trol for the differences in ages of the cases, a life table 
approach was employed. In this method all siblings 
were entered into the analysis at birth and followed ei- 
ther until the development of diabetes or until the end 
of the study period. It was then possible to examine the 
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Fig.2. The cumulative frequency of Type I diabetes in children, 
grouped according to the birth order of the child. /x = first child, 
x = second child, [] = third child, �9 = fourth or later child 

Table2. Prevalence of Type I diabetes among older children (aged 
15-30 years) by maternal age and by birth order 

Numbers of children Prevalence 
(total n = 1362) (%) 

Birth order 
1 430 27.4 
2 425 38.6 
3 280 37.9 
4 227 36.1 

Maternal age(years) 
Under 21 145 37.9 
21-25 474 31.4 
26-30 411 30.7 
31-35 242 39.3 
Over35 90 50.0 

risk for developing diabetes at different ages, control- 
ling for differences in the distribution of ages in the sib- 
lings. 

The resulting life table curves are given in Figure 1. 
Both the Breslow statistic (55.5) and Mantel statistic 
(59.2) indicate that these life tables are significantly dif- 
ferent at the 0.001 level. The results indicate that the 
children born to mothers after age 36 years were almost 
twice as likely to develop diabetes as children of young- 
er mothers. 

A similar life table analysis showed no differences in 
prevalence of Type I diabetes between the children 
from different birth order groups (Fig.2). Thus, the 
overall increase of Type I diabetes in the first birth order 
in our population could be attributed to the greater age 
attained in this group. These results indicate that the re- 
lationship of maternal age to risk is not a consequence 
of the fact that children born to women at a later age are 
usually of later birth orders. 

There was, therefore, an increased prevalence of 
diabetes among children born to older women, even 
though these children had not lived through the period 
of greatest risk, as indicated by their younger current 
age. These two observations are reconciled by noting 
the younger average age of onset among the children of 

older mothers (Table 1). This suggests that the maternal 
age effect was associated with an early onset of Type I 
diabetes, an implication confirmed in the life table anal- 
yses which showed that the slope of the curve for chil- 
dren born to mothers after age 36 years was much steep- 
er. That is, the increased risk was apparent at an early 
age in the children and persisted. 

The corrections for bias were then applied to the 
data and the results noted above were still apparent. 
Table 2 gives the prevalence by birth order and maternal 
age groups for the censored sample of older siblings. 
Note that all the children in this sample would have 
lived through most or all of the period of greatest risk 
for developing diabetes. The Haldane-Smith statistic 
[10] was significant for an increased risk in higher birth- 
order children (A--7836; mean+_SEM: 6912+5.8, 
p < 0.001). In Table 2 it can be seen that the increased 
prevalence in the whole cohort of first birth-order sib- 
lings was no longer apparent. The Haldane-Smith sta- 
tistic does not take into account the current ages. 

When a life table analysis was performed on these 
data, the birth order effect disappeared. However, the 
maternal age effect was maintained for the older sibling 
population. Therefore, even when the population is 
chosen such that most of the children would have lived 
through the period of greatest risk, the maternal age ef- 
fect was present, but a birth order effect was not. 

One concern with our data was that we might have a 
bias towards older mothers in our sibling cohort. If such 
were the case, our maternal age effect might be an arte- 
fact of our identified population. Therefore, the age- 
specific birth rates were compared with the rates for the 
general population of Allegheny County (Allegheny 
County Health Department, Department of Vital Statis- 
tics). In 1970, the percentage of births to mothers in the 
age groups less than 20; 20-24; 25-34; and 35+ years 
were 13, 35, 44, and 8% respectively. The comparable 
age specific birth rates for our population were calculat- 
ed to have been 6, 31, 52 and 11%, respectively. Thus, 
our population of diabetic children and their siblings 
did not appear to be significantly biased toward the old- 
er mothers. (No comparable data for birth order were 
available). 

Discussion 

The data analysed here are not general population inci- 
dence data. That is, we are not calculating risk per se be- 
cause all the families were ascertained due to the pres- 
ence of at least one child with diabetes. Instead we are 
estimating the prevalence of diabetes with respect to 
birth order and maternal age within these families. The 
expectation is that neither birth order nor maternal age 
should have an effect on the prevalence. 

The prevalence of diabetes among children of older 
mothers was increased in our population, both for the 
whole cohort and for the censored sample of older chil- 
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dren. Among the 26 children of Type I diabetic mothers, 
there was also an indication of a maternal age effect. 
However, for the total sample, birth order showed no ef- 
fect when current ages of the children were taken into 
account. Likewise, the greater prevalence (Table 1) for 
the children of very young mothers disappeared when a 
life table approach was used. Therefore, the greater 
prevalence among children of younger mothers was a 
result of the fact that most of these children, who were 
usually of birth order one, had lived through the ages of 
greatest risk for developing diabetes and, consequently, 
developed the disease. 

The life table curve for children born to mothers 
older than 35 years differed in two respects from the 
other curves (Fig. 1). First, the overall cumulative inci- 
dence to the children was greater. Secondly, the rate of 
increase in cumulative incidence was much more rapid 
among children of older mothers than in the other 
groups. This increased incidence of early onset is re- 
flected in the younger average age of onset of these chil- 
dren born to older mothers (Table 1). 

The effects of maternal age and birth order have 
been studied for a variety of congenital malformations 
[11-17]. There is general agreement that there is a posi- 
tive association between increased maternal age and the 
risk of Down's syndrome [11]. However, there appears 
to be a slight negative association between birth order 
and Down's syndrome [12-14]. The effects of maternal 
age on the risks of central nervous system malforma- 
tions, cleft lip and palate and congenital heart defects 
are not as consistent, but in general show positive or U- 
shaped maternal age effects [14-17]. Any associations 
of birth order with these various abnormalities are ei- 
ther negative or non-existent. The increase in risk for 
congenital malformations in children born to older 
women may be due to accumulating changes in ga- 
metes, possible increased permeability of the placenta 
to teratogens, or age effects [14]. 

The mechanism for the increased prevalence and 
younger age at onset of Type I diabetes cannot be re- 
solved by this study. However, one speculation is that 
the intrauterine environment may have an effect. An ex- 
ample of how experience in utero can affect the risk of 
developing diabetes in the offspring is the congenital 
rubella syndrome. Children exposed in utero to rubella 
have a markedly increased risk of developing diabetes 
[18]. Only about 20% of these children, however, devel- 
oped the insulin-dependent type. 
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