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Abstract 

This paper presents an analysis of nine data sets containing data on 
4825 Down syndrome cases in which ascertainment and motherly age 
risk of Down syndrome are estimated jointly using Maximum 
Likelihood. Estimates of specific occurrence of Down syndrome to 
maternal age, obtained from data collected prior to the introduction of 
prenatal screening, are used for the assessment of the effect of 
environmental factors, for risk assessment and monitoring the 
effectiveness of screening programs. The literature from which current 
estimates are obtained is reviewed with focus on methods for dealing 
with under-reporting. Models including mechanisms for estimating the 
degree of under-reporting are then fitted to data from the literature. 
These suggest that the rates currently assumed may under estimate the 
true rates by about 10%. The primary aim of our analysis is to produce 
an improved model for live birth Down syndrome prevalence. A 
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secondary aim is to examine the level of under-ascertainment in the 
different studies. 

The results show that, allowing for under-ascertainment, there is a 
good degree of consistency between the different data sets. A 
comparison between three and five parameter Constant Plus 
Exponential model with a three parameter logistic model for maternal 
age specific risk and suggest a three parameter logistic model for risk 
assessment were carried out. 

1. Introduction 

Nowadays prenatal screening is applied and the birth frequency data 
from modern studies do not reflect the occurrence of Down syndrome. The 
historical data collected prior to the application of prenatal screening. 
Reliable estimates of age specific Down syndrome live birth frequency are 
needed in the evaluation of screening programs and in counselling (Hecht 
and Hook [6]). For these purposes rates need to be based on populations of 
women who are not subjected to prenatal screening. Cuckle et al. [1] and 
Hecht and Hook [5] combined data from eight published studies carried out 
prior to the prenatal screening. Halliday et al. [3] used more recent data 
collected from women who had not received prenatal testing. The difficulty 
with the former approach is that the studies are typically over twenty years 
old. The problem with the latter approach is that the widespread use of 
prenatal screening means that data are fairly rare. Hecht and Hook [6] gave a 
general review of previously published and unpublished data sets and model 
the combined data from four data sets judged to be most complete. In this 
paper, an analysis of nine data sets carried out, in which ascertainment 
probabilities and the maternal age specific birth frequency of Down 
syndrome are modelled simultaneously. This contrasts with the approaches 
of Cuckle et al. [1] and Hecht and Hook [5], who adjusted data for under-
ascertainment and then modeled the data as though there were no under-
ascertainment. 

2. Materials and Methods 

The data sets included in this analysis are summarized in Table 1. This 
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paper includes six of the eight studies analyzed by Cuckle et al. [1] and re-
analyzed by Hecht and Hook [5]. In particular, the four studies of Hook and 
Chambers [8], Hook and Lindsjo [10], Trimble and Baird [19], and Huether 
et al. [11] are included with no changes. South Australian data of Staples et 
al. [17] is included. This updates the South Australian data of Sutherland et 
al. [18], which is used in Cuckle et al. [1]. Similarly, following the recent 
work of Hecht and Hook [6], the extended data from South Belgium 
comprising data from Koulischer and Gillerot [13], and from Koulischer et 
al. [14], is included. This extends the first of these data sets which was 
included in the work of Cuckle et al. [1]. Two studies, analyzed by Cuckle et 
al. [1] and Hecht and Hook [5], were omitted from our analysis. There were 
originally presented by Hook and Fabia [9] and Young et al. [20]. In these 
studies, live birth totals were only available for five year intervals. Cuckle et 
al. [1] and Hecht and Hook [5] used live birth data from other studies to 
distribute the observed live birth totals over single years of maternal age. 

Table 1. Summary of the data sets included in the analysis 

Source Region and 
Period 

Maternal age (years) 
included Down’s*1 Live 

births*1 
Data on 

ascertainment*2 
1. Hook and 

Chambers [8] 
New York 
1963-74 16-50 932 1,724,280 113/301=0.375 

2. Hook and 
Lindsjo [10] 

Sweden 
1968-70 16-50 438 330,423  

3. Lindsten et al. 
[15] 

Sweden 
1971-77 16-47 959 737,139  

4. Trimble and 
Baird [19] 

England 
1961-70 18-45 496 340,076  

5. Huether et al. 
[11] 

Ohio 
1970-79 16-48 649.132 1,439,915 319/875=0.365 

6. Staples et al. 
[17] 

S. Australia 
1965-89 16-49 592 497,743  

7. Koulischer et 
al. [14] 

Belgium 
1971-90 16-49 656.7 520,776  

8. Hecht and 
Hook [5] 

Canada 
1967-1972 16-47 31 25,572  

9. Halliday et al. 
[3] 

Victoria 
1987-91 36-52 71 12,920  

Total   4824.832 5,628,844  
*1Total for all individually recorded years of maternal age between 16 and 50. Decimals are due to 
adjustments for selective abortion. 
*2Estimate of completeness of reporting of Down’s syndrome-available for two centres which relied solely 
on birth certificates to ascertain cases. 
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In addition, the Swedish data of Lindsten et al. [15], the recently 
published data given in Halliday et al. [3], and the Intensive Newborn 
Studies from Hecht and Hook [6] are included. Following Hecht and Hook 
[6], the Staples et al. data set is restricted by excluding data collected prior to 
1965. Similarly, the first two years of the Lindsten et al. studies were 
disregarded. 

The studies of Hook and Chambers [8], and of Huether et al. [11], are 
based on birth certificates and are subject to a high degree of under-
ascertainment. Sample data for the estimation of the level of under-
ascertainment is provided by the data given in the last column of Table 1. In 
the study of Hook and Chambers [8], a sample of 301 Down syndrome births 
was identified from cytogenesis records of the same period to assess the level 
of ascertainment on the birth certificates. It was found that, of these, 113 (i.e., 
37.5%) were classed as Down syndrome births on the birth certificates. 
Similarly, 319 (i.e., 36.5%) out of a total of 875 cytogenetically diagnosed 
cases were classed as Down syndrome births in the data of Huether et al. 
[11]. 

There are a number of difficulties with the ascertainment of Down 
syndrome at birth which lead to which under represent the incidence of 
Down syndrome. The papers referred to in Table 1 give some explanation of 
the methods used to identify Down syndrome births but, in general, there is 
insufficient detail to form any firm conclusions about the quality of the data. 
We summarize below the descriptions presented in the original papers and 
discuss the implications for possible bias. 

2.1. Studies based on birth certificates 

The maternal age specific incidence data presented Hook and Chambers 
[8] and Huether et al. [11] were obtained from birth certificates. Mainly as a 
result of failure to identify cases in very young babies, Down syndrome 
births were frequently misclassified as unaffected on birth certificates. Data 
on the rates of misclassification were obtained by identifying Down 
syndrome births from cryptogenic records and then checking the birth 
certificates of to determine whether or not the births were recorded as Down 
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syndrome. In the study of Hook and Chambers [8], only 113 out of 303 (i.e., 
37.5%) cases identified from cytogenesis records were classified as cases on 
birth certificates. Huether et al. [11] reported very similar results with 319 
out of a total of 875 (i.e., 36.5%) Down syndrome births identified from 
cytogeneses records classified as Down syndrome. 

2.2. Studies based on other records 

In the Swedish study described in Hook and Lindsjo [10], Down 
syndrome births were identified from multiple sources. In this study, records 
were requested from gynaecological departments, all boards of provisions 
and services to the mentally retarded and all cytogenesis laboratories. Cases 
were included if they were positively chromosomally analysed or there was 
an unambiguous clinical picture. It is noted that cytogenesis laboratories 
contributed 25% which would otherwise have been missed. From the 
information given, it is not possible to make any hard conclusions about the 
overall completeness of the data. However, it is clear that if the cryptogenic 
laboratories covered substantially less than 100% of cases, we would expect 
the level of under-reporting for the study as a whole to be appreciable. 

The original study was a community investigation of Down syndrome 
births to Massachusetts residents from 1950 to 1966 inclusive. Sources of 
diagnosis included vital records reports and records of hospitals, institutions 
and cytogenesis laboratories. These records were reviewed for cases born in 
1958-1965 for the purpose of this study and an additional 27 cases of Down 
syndrome in white live births were identified. The analysis carried out by 
Hook and Fabia was restricted to white live births over this period because of 
the small number of non-whites detected, and suggestions of differential 
ascertainment and possible racial differences in rates. 

Sutherland et al. [18]: A survey of Down’s syndrome over the period 
from 1950 until the end of 1977 was carried out in South Australia to identify 
all births in this State which had resulted in children with Down’s syndrome, 
and to identify all living persons with Down’s syndrome in the State. 

Young et al. [20]: During the period 1968-1976, two sources of 
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ascertainment were used to record Down syndrome births in South 
Glamorgan: 

1. The Cardiff Birth Survey is registered within one month of birth. 

2. Records of the departments of cytogenesis and pathology at the 
Regional Child Health Laboratories in Cardiff, were possible the diagnosis 
was confirmed by consultation of cytogenesis and hospital records. 

2.3. Original data sources 

Hook and Chambers [8]: Reports of Down syndrome upon birth 
certificates in white live births recorded to residents of upstate New York 
1963-74. The analysis was restricted to white live births due to the small 
proportion (8.2%) of non-white births and the suggestion of a racial 
difference in maternal age-specific risks. 

Hook and Lindsjo [10]: In 1971, a wide scale survey of all community 
sources concerning the diagnosis of Down syndrome live births in Sweden 
from 1968 to 1970 was undertaken by Lindsjo. The aim of the original study 
was ‘to obtain an up-to-date and as exact as possible survey of the incidence 
of Down’s syndrome in Sweden for comparison with previous materials. 

Trimble and Baird [19]: The records relate to all live births in British 
Columbia (BCHSR) during the period 1961-70, and to cases born during the 
same period and ascertained by the BCHSR no later than 31 December 1972. 
The BCHSR has multiple sources of ascertainment and registration of an 
individual can occur at any time after birth; it is thought that the 
completeness of reporting in this study is very high. 

Koulischer and Gillerot [13]: The survey began on January 1st, 1971 and 
concerned 66% of all births in South Belgium during the 8 year period 1971-
1978 inclusive. 

Huether et al. [11]: Data on Down’s syndrome births to white residents 
of Ohio over the period 1970-79 were collected from birth certificates. Data 
from cytogenesis laboratories within the state were used to estimate the 
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percentage reporting of Down’s syndrome on birth certificates between white 
live births during the same time period to be 319/875 = 36.5%. 

Analysis by Cuckle et al. [1]: Cuckle et al. calculated a combined risk for 
each year of maternal age between 16 and 50 by taking a weighted average 
of the separate estimates derived from each of the data sets above. They then 
fitted the three parameter constant plus exponential (CPE) model 

( ),286.02395.16exp000627.0 xy +−+=  

where y is the Down syndrome rate and x is maternal age and used this model 
to predict risks from the ages of 15 to 50. 

Re-analysis by Hecht and Hook [5]: Hecht and Hook considered the 
same data sources as those used by Cuckle et al. They undertook a detailed 
review of the original studies and made changes in data preparation which 
they considered necessary before model fitting. Their analysis differed from 
that of Cuckle et al. in that they pooled cases and live births for each age 
across all studies, and fitted a model to these proportions. Three parameter 
CPE models were fitted for several subsets of the maternal age range because 
of likely errors in the reported age at the higher end of the range, and 
suggestions in the literature of a rise in risk for maternal ages under 20 and a 
levelling off of risk after 45 years of age. Due to concerns about the 
completeness of most of the data sets, the analyses were repeated using only 
the Hook and Lindsjo and Koulischer and Gillerot data, which were judged 
to be the most ‘likely complete data subset’. They concluded that altering the 
age boundaries made little difference to the derived risks, but that the 
reduced subset of data yielded rates that were increasingly higher than those 
reported by Cuckle et al. for ages above 30. A five parameter CPE model was 
also fitted to all six data sets combined. The models used here for the 
purposes of comparison are the three parameter model derived from the 
reduced set of data and the age range 15-49: 

( ).2892432.01992104.16exp0005831.0 xy +−+=  

The five parameter model based on all studies and the age range 15-49: 
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( age6321469.0182617.5exp0005907.0 −−+=y  

).age0002285.0age025215.0 32 −+  

Figure 1 shows a comparison of models fitted by Cuckle et al. and Hecht 
and Hook (log scale): 

 

Figure 1. Comparison of models fitted by Cuckle et al. and Hecht and Hook 
(log scale). 

This graph compares predicted risks between the ages of 16 and 50 on a 
log scale. For young mothers, Hecht and Hook’s five parameter model 
predicts risks that are very similar to those of Cuckle et al. while the three 
parameter model based on the ‘most likely complete data set’ predicts 
slighter lower risks. At the other end of the age range, Hecht and Hook’s 
three parameter model predicts risks up to 0.032 (at age 50) greater than 
Cuckle et al. - this discrepancy represents the effect of the under-reporting in 
the data sets excluded by Hecht and Hook. The five parameter CPE model 
levels off and predicts risks that are lower than those of Cuckle et al. for 
older mothers (with a difference of 0.045 at age 50). 

2.4. Data preparation 

2.4.1. Adjustment for abortions following prenatal diagnosis 

Young et al. counted 4 terminated cases as 1, as did Cuckle et al. counted 
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them as 0.7 (the probability that the pregnancy would have reached term, 
Hook [7]). In this analysis, they are also counted as 0.7. 

Huether et al. multiplied 24 terminated pregnancies by the probability 
that they would have survived to term times the estimated probability that 
they would have been recorded on the birth certificate .27.0365.0*75.0 ≈=  
Neither Cuckle et al. or H&H mentioned that they made changes to these 
adjustments. (Although H&H state “In the two data sets in which selective 
abortion of Down syndrome occurred following prenatal diagnosis (Ohio and 
South Wales), information needed for correcting the number of cases was 
supplied in the original article.”) Referring to Hook [7], such cases have been 
counted in this analysis as .2555.0365.0*7.0 =  

2.4.2. Inclusion of cases not cytogenetically confirmed 

Cuckle et al. did not include three cases from the study by Koulischer 
and Gillerot that were clinically diagnosed but not cytogenetically confirmed. 
Hecht and Hook included these cases but since the maternal ages are not 
given in the original paper, we have not made this adjustment. 

2.4.3. Correcting for under-reporting on birth certificates 

In the two studies which relied upon birth certificates only to locate 
cases, a sample of births known to be affected were used to estimate the 
proportion of Down’s cases that were reported on birth certificates. Cuckle et 
al. inflated the number of cases accordingly for each year of maternal age 
before fitting models, while H&H took a more conservative approach and 
used the estimates to deflate live births rather than inflate Down’s. In all 
previous work on these data sets, the remaining studies have been treated as 
if they achieved complete ascertainment, leading to underestimation of risks. 
This paper describes a method of model fitting which estimates the level of 
ascertainment for each data set. 

2.4.4. Live births indirectly estimated 

In two data sets, live birth totals were only available for five-year 
intervals. Young et al. (Glam 1968-76) compared their data with the Hook 
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and Lindsjo (Sweden 1968-70) data and concluded that since the gross 
structures were similar, they could assume similar fine structures in order to 
distribute live births by single years of maternal age. Similarly, Hook and 
Fabia (Massachusetts 1958-65) used data from upstate New York from the 
same time period. Because of these approximations, and also because the 
study by Young et al., only presents rates by single years of maternal age 
within the limited range of 25 and 44, our analyses excluded these data sets. 

3. Model Formulation 

The three parameter CPE model can be expressed as follows: 

( ).exp cxbay ++=  

This model gives a good fit to Down’s frequency data. It is widely accepted 
because the observed increase tends to level off at the extreme end of the 
maternal age range, the exponential component leads to over estimation of 
risks for the higher ages. Even with this drawback, the CPE model has been 
applied to models that fit two intersecting components to subgroups of the 
age range. A five parameter CPE model can be expressed as follows: 

( ).exp 32 exdxcxbay ++++=  

This model allows for levelling off in rates at both ends of the maternal age 
range. We have compared CPE models with a logistic with upper and lower 
thresholds and the found the fits to be statistically comparable: 

( ) [ ( )( )].exp1 10 xbbabay ∗+−+−+=  

The latter model achieves the same levelling off effect as the five parameter 
model CPE model with only four parameters, and is more appealing in terms 
of interpretation. 

3.1. Models incorporating under-reporting 

The recorded data include counts of the number of Down syndrome 
births registered imr  and the total number of births imsn  for each maternal 

age m and centre i. The completeness data, when available for centre i, 
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comprises a number iN  of Down syndrome births and the number of these 

iX  that are registered as Down syndrome on birth certificates. The sample 

proportions ii NX  are used by Cuckle et al. [1] and Hecht and Hook [5] to 

correct the recorded data for under-ascertainment. 

Let the proportion of ascertainment to be estimated for each centre be 
.ip  Let y be the rate according to the logistic model above. If we assume that 

the recorded data and the completeness data form independent random 
samples, then the full likelihood can be written in the form 

( )∑ ⎭
⎬
⎫

⎩
⎨
⎧

⎟
⎠
⎞

⎜
⎝
⎛ −−+⎟

⎠
⎞

⎜
⎝
⎛=

i i
i

ii
i
i

i N
XLogXNN

XLogXLikelihood 1  

( ) ( ) ( ){ }∑ ∑ −−++
i m iimimiim ypLogrnypLogr .1  

The above model assumes that the completeness data are independent of the 
recorded data. In fact, it is likely that the births yielding the completeness 
data are included in the register. A probability model reflecting this situation 
is shown in Figure 2: 

 

Figure 2. Probability tree for the recorded data and completeness sample. 

It is assumed that membership of this completeness sample is 
independent of being recorded as a Down’s case. We obtain the likelihood 
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under the model in Figure 2 by conditioning on the recorded data. According 
to this model, the conditional probability that a birth recorded as Down 
syndrome appears in the completeness sample is .iθ  Similarly, the 

conditional probability that a birth at maternal age m not recorded as Down 
syndrome is in the completeness sample is ( ) ( ).11 imiiiim pp π−−θπ  

The likelihood for centre i can thus constructed as a product of three 
terms: 

  (i) a product of binomial probabilities for the recorded data 

 (ii) a binomial probability ( )[ ]iiii XrB =θ,Pr  representing the 

conditional probability of observing iX  recorded Down syndrome births in 

the completeness data 

(iii) a probability, 

( ( ) ( )) ,11,Pr ⎥⎦
⎤

⎢⎣
⎡ −=π−−θπ−∑ iiiiiiimimim XNpprnBi  

involving a sum of binomial random variables, representing the conditional 
probability of observing ii XN −  births in the completeness data which are 

not recorded as Down’s syndrome. 

To avoid computational difficulties in evaluating (iii), the Poisson 
approximation to the binomial distribution and substitute the Poisson 
probability has been used: 

( ) ( ) ( ) .11Pr
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−=⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
π−−θπ−∑ ′ ii

m
iiiimimim XNpprnPo  

This approximation is justified by the very large numbers of births not 
recorded as Down’s and the very small probabilities of observing a Down 
syndrome birth amongst these which was not recorded as Down’s. 
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Figure 3. Fit of the proposed model to the individual data sets. 

n = 932 n = 438

n = 649.1 n = 656.7

n = 592 n = 71

n = 959 n = 31
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3.2. Models of Down syndrome occurrence 

In this analysis, the parametric models for the relationship between 
maternal age m (in years), and the live birth prevalence of Down syndrome 
( )mπ  are used. Various functional forms for ( )mπ  are considered for the 

maternal age range 16-50 years. These include the three parameter Constant 
Plus Exponential model, considered by Cuckle et al. [1], and the five 
parameter extension of this model, considered by Hecht and Hook [5]. A 
logistic model of the following form was considered: 

 ( ) ( )( ) .exp1
1

10 mm
β+β−+

α−+α=π  (1) 

With ,0=α  this reduces to a logistic regression model of the form 
considered by Halliday et al. [3]. More generally, with ,10 <α≤  the 
occurrence rises from a lower limit of α to an upper limit of 1 as maternal 
age increases. This model incorporates a baseline risk, α, independent of 
maternal age, like the constant plus exponential model, and has a sigmoid 
shape levelling off to a risk of 1 as age increases, like the logistic model. 

3.3. Modelling the ascertainment process 

Cuckle et al. [1] and Hecht and Hook [5] applied corrections for under-
ascertainment to data from the two birth certificate studies. Cuckle et al. [1] 
corrected the birth certificate data by inflating the number of Down 
syndrome births in each maternal age group. Hecht and Hook [5] deflated the 
number of live births. The other six studies were assumed to be completed. 

The assumption of this analysis is that for each data set, i, Down 
syndrome cases are ascertained with probability ip  independently of 

maternal age. The number of births registered as Down syndrome at maternal 
age m in study i then has a binomial distribution. The proportion of births 
recorded as Down syndrome in is given by the product ( ).mpiπ  Also assume 

that, for the data sets of Hook and Chambers [8] and of Huether et al. [11], 
the cytogenetically diagnosed cases of Down syndrome are selected 
independently of birth certificate registration. The numbers of cases in the 
ascertainment sample which are registered on the birth certificates then 
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follow a binomial distribution. The probability that a cytogenetically 
diagnosed birth is included on the birth certificate register is .ip  

3.4. Down syndrome cases diagnosed parentally 

In four of the studies included (Lindsten et al. [15], Huether et al. [11], 
Staples et al. [17] and Koulischer et al. [14]), prenatal diagnosis had led to 
certain cases of selective abortion. Huether et al. multiplied 24 abortions by 
the probability that the pregnancy would have survived to term (taken to be 
0.75) and the estimated probability that it would have been recorded on the 
birth certificate (0.365). In this analysis, the data adjusted from this study 
using the estimate for the probability of survival of 0.7 (Hook [7]) and 
multiply this by 0.365. Information given in the other three papers was used 
by Hecht and Hook [6], to adjust the data for selective abortion using the 
estimate of 0.7 for the probability of survival. However, the effects on the 
model fitting procedure of counting each of these cases as 0 or 1, or of 
assuming the probability of survival to term to be 0.75 rather than 0.7 were 
investigated. While deviations from the risks predicted from the original 
model increase with maternal age, they are very small. This sensitivity 
analysis demonstrates that the difference between using 0.7 and 0.75 is of no 
practical consequence. 

3.5. Model fitting 

In order to estimate the parameters in the frequency model, ( ),mπ  and 

the ascertainment probabilities ip  the likelihood function, which includes a 
product of binomial probabilities, was maximized to obtain maximum 
likelihood estimates. Generalized likelihood ratio tests (McCullagh and 
Nelder [16]) were used to test hypotheses about the model parameters. 
Confidence intervals for individual parameters and for the estimated maternal 
age specific rates were obtained by bootstrapping, using 3000 replications 
(Efron and Tibshirani [2]). 

4. Results and Conclusions 

4.1. Modelling the nine data sets 

Table 2 gives estimated ascertainment probabilities and goodness-of-fit 
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statistics for various models fitted. Six models are given corresponding to the 
three functional forms for ( ),mπ  with and without the assumption of full 

ascertainment in the study of Halliday et al. [3], and those included by of 
Hecht and Hook [6]. Also, the results of fitting to the eight data sets 
remaining after the exclusion of Trimble and Baird [19], which gave the 

largest contribution to the 2χ  fit statistics, are given in Table 2. With all nine 

data sets included, the lack of fit is significant ( ,05.0<P  no matter what 

assumptions are made about the ascertainment proportions or the form of 
( )).mπ  Removing the study of Trimble and Baird [19], the six models all 

provide an acceptable fit to the data from the remaining eight studies 
( ).1.0>P  

Table 2. Estimated ascertainment rates and fit statistics 
Logistic Model With Lower Threshold 

 Including Trimble and Baird Excluding Trimble and Baird 

Data set 
All ip ’s 

estimated 

Constrained 

ip ’s All estimated
Constrained 

ip ’s 

Hook and Chambers [8] 0.341 0.351 0.340 0.350 
Hook and Lindsjo [10] 0.922 1 0.920 1 
Huether et al. [11] 0.371 0.377 0.371 0.378 
Koulischer et al. [13, 14] 0.951 1 0.948 1 
Staples et al. [17] 0.874 0.899 0.872 0.899 
Trimble and Baird [19] 0.860 0.885 * * 
Halliday et al. [3] 0.926 1 0.912 1 
Lindsten et al. [15] 0.996 1 0.994 1 
Intensive Newborn (1975,1974) 0.854 1 0.852 1 

2χ (d.f.) 308.11 (265) 311.63 (270) 260.32 (238) 264.00 (243) 

P 0.035 0.041 0.155 0.169 
Three Parameter Constant Plus Exponential Model 

 Including Trimble and Baird Excluding Trimble and Baird 

Data set 
All ip ’s 

estimated 

Constrained 

ip ’s 
All 

Estimated 
Constrained 

ip ’s 

Hook and Chambers [8] 0.342 0.351 0.341 0.351 
Hook and Lindsjo [10] 0.922 1 0.920 1 
Huether et al. [11] 0.371 0.377 0.371 0.378 



Estimating Maternal Age Specific Risks of Down Syndrome … 145 

Koulischer et al. [13, 14] 0.951 1 0.949 1 
Staples et al. [17] 0.874 0.899 0.872 0.899 
Trimble and Baird [19] 0.861 0.886 * * 
Halliday et al. [3] 0.927 1 0.914 1 
Lindsten et al. [15] 0.997 1 0.994 1 
Intensive Newborn (1975,1974) 0.855 1 0.853 1 

2χ (d.f.) 309.55 (265) 313.01 (270) 265.14 (238) 265.14 (243) 

P 0.031 0.037 0.109 0.157 
Five Parameter Constant Plus Exponential Model 

 Including Trimble and Baird Excluding Trimble and Baird 

Data set 
All ip ’s 

estimated 

Constrained 

ip ’s 
All 

Estimated 
Constrained 

ip ’s 

Hook and Chambers [8] 0.341 0.350 0.340 0.350 
Hook and Lindsjo [10] 0.924 1 0.922 1 
Huether et al. [11] 0.371 0.377 0.371 0.378 
Koulischer et al. [13, 14] 0.952 1 0.949 1 
Staples et al. [17] 0.877 0.901 0.875 0.901 
Trimble and Baird [19] 0.858 0.882 * * 
Halliday et al. [3] 0.922 1 0.908 1 
Lindsten et al. [15] 0.999 1 0.996 1 
Intensive Newborn (1975, 1974) 0.855 1 0.853 1 

2χ (d.f.) 303.93 (263) 307.45 (268) 256.68 (236) 260.38 (241) 

P 0.042 0.049 0.170 0.187 

There is a remarkable degree of consistency between the results for the 
three functional forms of ( )mπ  and there is very little on the basis of the 

goodness-of-fit statistics to choose between these. The addition of the 
quadratic and cubic terms in the CPE model is not significant 05.0( >P  for 

all six models in Table 2). In choosing between the three parameter CPE 
model and the logistic model, which also has three parameters, it is noted that 
the logistic model fits the data a little bit better. Moreover, this model seems 
to be more reasonable than the CPE model; risks predicted by exponential 
models soon rise above one after the age of 50, whereas the logistic model 
approaches an asymptote of one. The logistic models considered with both 
lower and upper threshold parameters and found no significant improvement 
in fit from the addition of the upper threshold parameter. 
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The data are quite consistent with the assumptions of full ascertainment 
for the study of Halliday et al. [3], and the selected studies of Hecht and 
Hook [6] ( ).5.0>P  However, with these probabilities constrained to one, 

there is strong evidence of under-ascertainment in the study of Staples et al. 
[17] 0165.0( =P  for the logistic model when excluding Trimble and Baird 

[19]). 

4.2. Proposed model 

The above analysis suggests the use of the logistic model with lower 
threshold assuming full ascertainment for the study of Halliday et al. [3], and 
for the selected data sets of Hecht and Hook [6]. Estimated model 
parameters, live birth prevalence rates and ascertainment probabilities for this 
model are given in Table 3. Models are fitted to data from the nine data sets 
and to the eight remaining after the exclusion of Trimble and Baird [19]. 

Table 3. Estimates and 90% confidence intervals for proposed model 
Including Trimble and Baird [19] Excluding Trimble and Baird [19] 

Parameter Estimates 
Parameter Estimate 90% CI Parameter Estimate 90% CI 

α 0.0006810 (0.00065,0.00072) α 0.0006589 (0.00063,0.00067) 

0β  –16.263729 (–16.67,–15.88) 0β  –16.024236 (–16.47,–15.62) 

1β  0.2901614 (0.2803,0.3007) 1β  0.2844376 (0.2742,0.2960) 

Estimated Down Syndrome Live birth Prevalence By Maternal Age 

Maternal age Rate per 1000 90% CI Maternal age
Rate per 

1000 
90% CI 

16 0.69 (0.66,0.73) 16 0.67 (0.64,0.71) 
17 0.69 (0.66,0.73) 17 0.67 (0.64,0.72) 
18 0.70 (0.67,0.74) 18 0.68 (0.65,0.72) 
19 0.70 (0.68,0.74) 19 0.68 (0.65,0.72) 
20 0.71 (0.68,0.75) 20 0.69 (0.66,0.73) 
21 0.72 (0.69,0.76) 21 0.70 (0.67,0.74) 
22 0.73 (0.71,0.77) 22 0.72 (0.69,0.76) 
23 0.75 (0.73,0.79) 23 0.74 (0.71,0.77) 
24 0.77 (0.75,0.81) 24 0.76 (0.74,0.80) 
25 0.80 (0.78,0.84) 25 0.79 (0.77,0.83) 
26 0.84 (0.82,0.88) 26 0.84 (0.81,0.88) 



Estimating Maternal Age Specific Risks of Down Syndrome … 147 

27 0.90 (0.88,0.94) 27 0.90 (0.87,0.94) 
28 0.97 (0.95,1.01) 28 0.97 (0.95,1.02) 
29 1.07 (1.04,1.12) 29 1.08 (1.05,1.13) 
30 1.20 (1.12,1.25) 30 1.22 (1.18,1.28) 
31 1.38 (1.34,1.44) 31 1.40 (1.35,1.47) 
32 1.61 (1.56,1.69) 32 1.64 (1.59,1.73) 
33 1.92 (1.86,2.02) 33 1.97 (1.89,2.07) 
34 2.34  (2.26,2.46) 34 2.40 (2.31,2.52) 
35 2.90 (2.80,3.04) 35 3.00 (2.86,3.12) 
36 3.64 (3.53,3.82) 36 3.72 (3.60,3.92) 
37 4.64 (4.50,4.87) 37 4.73 (4.57,4.97) 
38 5.96 (5.80,6.26) 38 6.06 (5.87,6.37) 
39 7.73 (7.51,8.12) 39 7.82 (7.58,8.22) 
40 10.08 (9.76,10.61) 40 10.15 (9.81,10.72) 
41 13.20 (12.75,13.97) 41 13.24 (12.74,14.01) 
42 17.35 (16.67,18.44) 42 17.31 (16.57,18.43) 
43 22.83 (21.81,24.44) 43 22.67 (21.57,24.32) 
44 30.07 (28.54,32.41) 44 29.70 (28.02,32.13) 
45 39.58 (37.27,43.00) 45 38.89 (36.35,42.40) 
46 52.00 (48.64,56.95) 46 50.83 (47.17,55.87) 
47 68.11 (63.25,75.19) 47 66.26 (61.08,73.43) 
48 88.81 (81.87,98.62) 48 86.00 (78.76,95.98) 
49 115.08 (105.49,128.50) 49 110.10 (100.98,124.64) 
50 147.92 (135.01,165.78) 50 142.13 (128.73,160.37) 

Estimated Ascertainment Proportions 
Study Estimate 90% CI  Estimate 90% CI 

Hook and 
Chambers 

0.351 (0.331,0.369) 
Hook and 
Chambers 

0.350 (0.331,0.369) 

Huether et al. 0.377 (0.364,0.390) 
Huether et 

al. 
0.378 (0.365,0.391) 

Staples et al. 0.899 (0.835,0.969) Staples et al. 0.899 (0.836,0.965) 
Trimble and 

Baird 
0.885 (0.851,0.902)    

4.3. Fit to the individual studies 

Estimates of the proportions of live births ascertained as Down’s were 
obtained for each data set by multiplying the estimated rate from our 
preferred model excluding Trimble and Baird [19], by the estimated 
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probability of ascertainment. These are presented along with the observed 
prevalence rates in Figure 3. The smooth curves represent the fitted model 
whilst the points represent the observed rates. The observed rates from the 
Intensive Newborn Studies have been grouped by 5-year age intervals due to 
the small number of Down’s (on average less than one Down’s case for each 
year of maternal age). Since rates of zero cannot be plotted on a log scale, 
this grouping gives a truer representation of the observed data. In general, the 
model fits the observed rates very well. The number of Down’s cases 
observed in each data set is also given with the graphs. 

4.4. Comparisons between previously published results 

The rates predicted by the logistic model compared with a lower limit 
published by Cuckle et al. [1], Hecht and Hook [5], Halliday et al. [3] and 
Hecht and Hook [6]. The predicted rates are given in Table 4. The final 
column of the table gives, for each model, an estimate of the overall 
prevalence of Down’s syndrome per 1000 live births. This figure is derived 
by calculating the average predicted number of Down’s per 1000 live births 
across the maternal age range 16-50 weighted by the live birth distribution of 
England and Wales for the three years 1979-1981. 

Table 4. Predicted rates per 1000 live births 
 Maternal age     
 16 21 26 31 36 41 46 Overall 

Cuckle et al. [1] 
(three parameter CPE) 

0.64 0.66 0.78 1.25 3.25 11.59 46.43 1.28 

Hecht and Hook [5] 
(three parameter PE) 

0.59 0.62 0.75 1.31 3.65 13.62 55.94 1.35 

Hecht and Hook [5] 
(five parameter CPE) 

0.65 0.67 0.78 1.23 3.27 12.12 43.54 1.28 

Halliday et al. [3] (logistic)     3.34 14.66  - 
Hecht and Hook [6] 
(six parameter CPE) 

0.54 0.68 0.84 1.35 3.56 14.29 52.03 1.40 

Proposed model: including 
Trimble and Baird [19] 

0.69 0.72 0.84 1.38 3.64 13.20 52.00 1.41 

Excluding Trimble and 
Baird [19] 

0.67 0.70 0.84 1.40 3.72 13.24 50.83 1.42 
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4.5. Predicting maternal age risk 

For the practical use of equation (1), it is important to recognize that the 
data relate to maternal age in completed years. In practice, for a women with 
an expected maternal age at delivery of a, in years and fractions of years, the 
equation 

 ( )
( ( ( )))5.0ˆˆexp1

ˆ1ˆˆ
10 −β+β−+

α−+α=π
a

a  (2) 

with estimates from Table 3 substituted for ,α̂  1β̂  and 2β̂  should be used to 

calculate the estimated risk ( ).ˆ aπ  There is very little to choose between the 

model fitted to all nine data sets and to that fitted to the eight remaining after 
without Trimble and Baird [19]. The differences are small relative to the 
scale of the sampling errors and the choice between the two models is 
somewhat arbitrary. However, we would prefer the model fitted to the data 
after excluding Trimble and Baird [19], on the grounds that it provides an 
improved fit to the data sets judged to have most complete ascertainment. 
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