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Summary 

The purpose of this study is to fit a mathematic function to the 
observed risk figures for Down's syndrome at various maternal 
ages. Data from the New York State and Swedish studies were 
used. It was found that the estimated risks fitted the exponential 
relationship very well, with a correlation coefficient of over 0.94. 
An even better correlation was found (over 0.97) for each 5-yr 
period in the New York State study. The exponential relationship 
was given by: I = aebx, where 111 is the estimated risk; x, the 
maternal age in years; and a and b, the constants. In both studies 
there was considerable variation in the values of a and b with 
maternal age as well as an excellent correlation between In a and 
b for the 5-yr periods. This function may be used to test various 
hypotheses for the effect of maternal age in Down's syndrome. 

An increased incidence of Down's syndrome among the chil- 
dren of older mothers has been well documented. The relation- 
ship between the incidence and maternal age is far from linear. 
A gradual increase in rates of Down's syndrome with maternal 
age is observed up to about age 30 or 31 yr (3) and a steeper 
increase is seen thereafter, reaching a figure of 1 in 12 at 49 yr 
(2). Various hypotheses have been proposed to explain this 
maternal age effect: maternal exposure to diagnostic radiographs 
of the abdomen, virus-induced disturbance of chromosomal 
segregation, "over-ripeness" of the ovum due to delayed fertiliz- 
ation, increase in the frequency of thyroid autoantibodies, and 
genetic predisposition to non-disjunction (7). The exact mecha- 
nism is unclear. 

The purpose of this paper is to present a mathematic function 
to fit the observed risks of Down's syndrome at various maternal 
ages. This function could then be used to test the likelihood of 
the various hypotheses. 

CONSTRUCTION OF THE MATHEMATIC FUNCTION 

The results of the New York State study (2) andithe Swedish 
study (3) are used (Table 1). Inspection of the risk figures suggests 
an exponential relationship: 

where 111 is the estimated rate and x the maternal age (yr), and 
a and b are constants. 
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The computer program EXPONENTIAL REGRESSION (I) 
(4) was used on an Apple I1 microcomputer. This program finds 
the coefficients of an equation for an exponential curve. The 
equation is in the following form: f(x) = a*ebx, where a and b are 
the calculated coefficients. The equation coefficients, coefficient 
of correlation and standard error of b are calculated. The program 
also allows for the prediction of values of y for given values of x, 
using the calculated equation coefficients. 

The standard error of b is calculated according to Armitage 
(1): the variance of b is given by 

where s,2, the residual mean square = 2 (Y - v2 
N - 2  ' 

The expression Z: (y - Y)2, the residual sum of squares, is 
obtained as follows: 

The 95% confidence limits for the predicted values (Y) are given 
by: 

for N - 2 degrees of freedom on the t distribution. The variable 
x, is the value of x (maternal age) at which the predicted risk is 
to be determined. The width of the confidence interval increases 
with (x, - R), and is a minimum when x, = R. 

The results of the New York State study fitted the exponential 
model very well, with a correlation coefficient of 0.9752 over the 
whole age range (20-49 yr) (Table 2). The standard error of b, 
however, was relatively large (0.3627). When the exponential 
model was applied to the data in segments of 5-yr periods, it was 
found that the correlation was even better. More significantly, 
the standard error of b was much lower (Table 2). The equation 
coefficients a and b generated in this way were used to predict 
the risk figures (Table I). It was found that the predicted values 
were much closer to the observed values when the equation 
coefficients (a and b) calculated for 5-yr periods were used (as 
would be expected from the smaller standard errors of b). 

Large fluctuations were found in the values of a and b calcu- 
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Table 1. Estimated rates of Down syndrome (results of New 
York State and Swedish studies) 

Maternal 
age (yr) 

20 
21 
22 
23 
24 

Estimated risk Interljolation for (N) 

(S)* (N)t (i)S (ii)§ 
111727 111925 113491 111893 
111321 111695 112921 111718 
111294 111540 112444 111559 
111 168 1/1410 112045 111415 
1/1460 1/1300 1/1711 111284 

* (S), Swedish study. 
t (N), New York State study. 
$ (i), Predicted values using the values of a and b calculated over the 

whole age range (20-49 yr), see Table 2. 
$ (ii), Predicted values using the values of a and b calculated from 5- 

yr periods (Table 2). 

Table 2. Exponential relationship applied to the New York State 
stud? 

Standard 
Age range Correlation error of 

(yr)t Value of a Value of b coefficient* b 

20-24 13,149 -0.0969 0.9959 0.0161 
25-29 5,872 -0.0635 0.9990 0.0053 
30-34 122,200 -0.1622 0.9774 0.0640 
35-39 1,640,600 -0.2404 0.9998 0.0077 
40-44 1,944,03 1 -0.2446 0.9998 0.0078 
45-49 1,63 1,343 -0.2408 0.9989 0.0206 
20-49 123,185 -0.1782 0.9752 0.3627 

* I  = aebx, where 111 is the estimated rate and x is the maternal age 
(yr). a and b are constants. 

t Regression equation for In a and b over the whole age range (20-49 
yr): In a = 6.48 - 32.55b. 

$Correlation coefficient between In a and b = 0.9994 (Student's t = 

56.06 and P = 0.0002). 

lated over the various 5-yr intervals (Table 2). Close correlation, 
however, was found between In a and b (correlation coefficient 
of -0.9994, Student's t = 56.06 and P = 0.0002). The regression 
equation for In a and b over the age range 20-49 yr: 

The results of the Swedish study also fit the exponential model 
very well (over the entire age range), with a correlation coefficient 
of 0.9432 (Table 3). The standard error of b (0.5508) was larger 
than that for the New York State study. The results of 5-yr 
periods, however, did not fit the exponential model as well 
(correlation coefficients varying from 0.1804 to 0.9762), and the 
standard errors of b were also very large. This is probably the 
result of larger sampling erors in the study. The 95% confidence 
limits for the New York State and the Swedish studies are shown 
in Figures 1 and 2, respectively. 

Despite the poorer correlation within the 5-yr periods, the 
values of the equation coefficients a and b for the whole age 
range (a = 129,127 and b = -0.1803) were remarkably close to 
those found in the New York State study (a = 123,185 and b = 
-0.1782). The regression equation for In a and b in the Swedish 
study (In a = 5.62 - 35.91b) was also very similar to that in the 
New York State study. The correlation coefficient for In a and b 
was -0.9608 (Student's t = 6.94 and P = 0.0036). 

SIGNIFICANCE OF THE EXPONENTIAL RELATIONSHIP 

The results of the New York State and Swedish studies (studies 
which were independent of each other) fit the exponential model 
very well. Despite the large standard errors of estimate for the 5- 
yr periods in the Swedish study, it is significant that there is close 
correlation between In a and b in both studies. From the formula: 

we have In a = In I - bx. From basic principles we can expect a 
close correlation between In a and b if the exponential relation- 
ship holds true. 

The exponential relationship may be used to test the various 
hypotheses for the maternal age effect in Down's syndrome. The 
mechanism for the maternal age effect must be consistent with 
the following three features. I) the observed risk figures fit the 
exponential model I = a*exp (bx) very well. 2) There is consid- 
erable variation in the values of a and b with maternal age, 
calculated for 5-yr periods. 3) There is close correlation between 
In a and b. 

It is apparent from the exponential relationship above that 
any hypothesis that advocates a mechanism of action in an 
"additive" manner will probably be incorrect. For example, in 
an "additive" model, if the effect of the causative agent in the 

Table 3. Exponential relationship applied to the Swedish study* 
Standard 

Age range Correlation error of 
tvrlt Value of a Value of b coefficienti b 

* I  = aebx, where 1/I is the estimated rate and x is the maternal age 
(yr). a and b are constants. 

t Regression equation for In a and b over the whole age range (20-49 
yr) In a = 5.62 - 35.91b. 

$Correlation coefficient between In a and b = -0.9608 (Student's t = 
6.94 and P = 0.0036). 
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SWEDISH STUDY 
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Fig. 1. Swedish study. Predicted values for In I (where 111 is the 

estimated risk) and 95% confidence limit 
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Fig. 2. New York State study. Predicted values for In I (where 111 is 
* the estimated risk) and 95% confidence limit. 

ith year on the mother is f i ,  the total effect (T) will be given by 
a summation over all the years (k): 

Such a model will not generate data to fit an exponential rela- 
tionship. 

A "multiplicative" model for the mode of action is more likely 
to be correct, for example (using the same symbols as above): 

It can be shown that a model like this can generate data that will 
fit the exponential relationship very well, and possibly allow for 
a considerable variation in the values of a and b as well as close 
correlation between In a and b. 

Although a good fit of data has been demonstrated, the basic 
character of the underlying phenomena may not necessarily be 
"exponential" unless supportive biologic evidence is available. It 
is our hope that more research on the basic mechanisms of the 
maternal age effect will be forthcoming. 

There is some evidence that there is also a paternal age effect 
on the risk of Down's syndrome (5, 6). This appears to be 
independent of the maternal age effect. Unfortunately, data on 
the paternal age effect is not as extensive as that on the maternal 
age effect, and it is not easy at present to construct a mathematic 
function based on the data available. If the paternal age has a 
similar effect as maternal age on the risk of Down's syndrome, 
then the above "multiplicative" model could be extended as 
follows (assuming that the paternal age effect is independent of 
the maternal age effect): 

where the effect of the causative agent in the ith year on the 
father is a (5). 
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