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Paternal Age and Down Syndrome in British Columbia
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SUMMARY

Among Down syndrome cases born in 1964-1976 reported to the British
Columbia Registry for Handicapped Children, the mean paternal age was
about half a year greater than in the entire population of live births after
controlling for maternal age, a difference significant at the .05 level. After
adjustment for maternal age, a regression analysis was consistent with an
increase of 1.024-fold for each year of paternal age. Among Down syn-
drome cases in 1952-1963, however, for which ascertainment appears
likely to be less complete, there was no evidence for a significant paternal
age effect. The reasons for the variation between the two groups investi-
gated here and the heterogeneity in results among studies of other popula-
tions are discussed.

INTRODUCTION

The recent discovery that the extra chromosome in about 30% ofcases of47,trisomy
21 is of paternal origin [1] has revived interest in the possibility of paternal age as a
risk factor for a Down syndrome birth, independent of maternal age. Previous
analyses have shown that a paternal age effect, if it exists, is much weaker than a
maternal age effect [2, 3], but could not exclude the existence of a modest associa-
tion [4, 5]. Two reports have noted a twofold increase in maternal age specific rates
in couples in which the father is 55 and over [6,7], but this has not been reported in
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other studies [8-10]. We report here the results of analyses that indicate a significant
association ofelevated paternal age with Down syndrome of live births in 1964-1976
in British Columbia.

MATERIALS AND METHODS

The data are on all live births in the province of British Columbia registered with the
Department ofVital Statistics for the years 1952-1976. Cases ofDown syndrome were those
reported to the British Columbia Health Surveillance Registry [11]. In 1964, sources of
ascertainment were expanded to include hospital discharge records, and this was associated
with an increase in the observed maternal age-specific rates in 1964 and in lateryears [12, 13].
Because of this, we subdivided the data into cases born in 1952-1963 and those born in
1964-1976 and analyzed these separately. We include data on mothers aged 1449 and
fathers aged 14-70.

There were 551 affected cases reported in 418,017 live births for the years 1952-1963 (1.3
per 1,000) and 492 in 418,848 live births in 1964-1976 (1.2 per 1,000). The lower rate in the
later years, despite the better ascertainment of cases, is attributable to the diminished
proportion of older mothers among those having live births [12, 13].
We searched for paternal age effect independent of maternal age using two different

statistical methods. (1) Case-control comparisons: For the live-birth populations in each of
the two temporal intervals, and for each 1-year maternal age interval, we determined the
mean paternal age of all individuals without Down syndrome. For each case, the difference
delta between the observed paternal age and the appropriate mean paternal age for unaffected
individuals was calculated. Examination of the distribution of the values of delta in both
intervals indicated that statistical analysis based on normal distribution theory was appro-
priate. The 95% confidence limits about the mean value of delta in each interval were
calculated from the formula m ± 1.96 (SEM), where m is the mean, and SEM, the standard
error of the mean. The hypothesis of no paternal age effect predicts delta = 0; therefore, if
the 95% confidence interval of delta excludes 0, this implies the existence ofa paternal age effect,
P< .05.

(2) Regression approach: For each temporal interval, a regression equation predicting the
rate ofDown syndrome as a function of maternal age was fit to the data. We then introduced
a term involving paternal age into the regression equation and determined if there was a
"statistically significant" increase in the fit of the equation to the data. We first fit an
equation of the form ln[y/(l - y)] = a + bix, + b2x2, where y is the rate, and xi and X2 are
functions of maternal age x as follows: xi = x - 32 if x < 32, and 0 otherwise, and
X2 = x - 32 if x > 32, and 0 otherwise. (This model results in about as good a fit to the
observed data as those used in previous analyses of maternal age [14, 15].) We then calculated
G2, the likelihood ratio statistic (twice the log likelihood ratio) for the equation [16], and fit
the data to the equation ln[y/(1 - y)] = a + bix, + b2xI + cz, where z is paternal age and
calculated G2 for the second equation. The difference between the values of G2 for these two
equations may be compared with a x2 distribution with 1 df. A difference of 3.84 indicates an
improvement in fit associated with introduction of a paternal age term significant at the .05
level. All analyses were by 1-year parental age interval.

RESULTS

The mean and standard error ofthe mean ofdelta for 1952-1963 is +0.05 ± 0.22.
The 95% confidence interval is -0.37 to +0.48; the mean case paternal age is 36.87,
and comparison paternal age is 36.82. For 1964-1976, delta is to +0.46 ± 0.21
(95% confidence interval = +0.04 to +0.88), and the mean case paternal age is 34.55,
and comparison paternal age, 34.09. There is a negligible nonsignificant effect in
1952-1963, but for 1964-1976, the effect is significant at the .05 level.
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We also analyzed two subintervals of the period 1964-1976 to determine if the
paternal age effect was stronger in the latter half of the interval, consistent with a
gradual secular increase with time. This was not the case, however. For the 283 cases
born in 1964-1969, the mean and standard error of delta were +0.50 and 0.30. For
the 209 cases in 1970-1976, these values were +0.34 and 0.32, respectively.

In table 1 appear the results of the regression analysis. For the second interval,
there is a significant increase in the likelihood ratio statistic with the introduction of
paternal age.

Because analyses by others had reported a paternal age effect only at age 55 and
over [6, 7], we re-analyzed the data excluding men of this age to determine if the
significance of the paternal age effect would diminish or disappear. In fact, evidence
for a paternal age effect was enhanced after excluding this group. The change in the
likelihood ratio statistic rose from 6.4 to 9.5, and the value of c, the coefficient of
paternal age, from 0.024 to 0.032. While it is likely that this change is attributable to
statistical fluctuation, it demonstrates that the overall effect is not derived exclu-
sively from those fathers 55 and over.

DISCUSSION

The data for the years 1964-1976 provide evidence for a paternal age effect
throughout the entire age range. In this respect, it differs from results that report
evidence for an effect in men only 55 and over [6, 7], or those studies reporting no
evidence for an effect [8-10, 17, 18]. It also differs, of course, from the results of the
analysis of the years 1952-1963, in which there is only a negligible, nonsignificant
trend.
An obvious possibility is that there are temporal and geographic fluctuations in

the independent effect of paternal age upon rates, and this is responsible for the
reported variation. Before this may be inferred, however, it must be shown that the
positive results in 1964-1976 are incompatible with the observations in the other
studies. As the 95% confidence intervals for the values of delta in the two intervals
analyzed here overlap, the results in both are compatible with a paternal age
difference of +0.04 to +0.48 years. While ascertainment is likely to be less complete
in the earlier interval, we have no reason to expect this would obscure an effect

TABLE 1

RESULTS OF REGRESSION ANALYSIS

EQUATION* PARAMETERS

POPULATION InEy/( -y)] = a bc b2 c G2t AG21

1952-1963..... a+blx,+b2x2 -7.026 0.053 0.262 ... 703.28
a + bix, + b2x2 +cz -7.137 0.050 0.259 0.003 703.12 0.16

1964-1976..... a+ bixI +b2x2 -6.829 0.063 0.257 * 661.66
a + bixi + b2x2 + cz -7.671 0.041 0.236 0.024 655.26 6.40

*y = rate of Down syndrome, xi and X2 are functions of maternal age as defined in MATERIALS AND METHODS,
and z is paternal age.
tG = likelihood ratio statistic [16] (see MATERIALS AND METHODS).
tAG2 = difference in G2 between equations associated with introducing paternal age term.
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of paternal age. Others have not reported a case-control comparison of this type,
so one cannot make the same comparisons with data from other jurisdictions.
(Sigler et al. [17] and Cohen et al. [18] have reported no evidence for paternal age
effects in case-control studies in Baltimore, but the matching by maternal age in
these studies does not appear to have been by 1-year intervals as in the analyses
here.)

If differences between various data sets are attributable to statistical fluctuation,
it is of interest to determine with what magnitude of effect the data available to date
are compatible. Considering the two intervals analyzed here and three others [9],
the 95% confidence intervals of the paternal age coefficient for the five data sets all
overlap the values +0.006 to +0.017. Thus all are consistent with an increase
of about 0.6% to 1.7% in the rate for each year of paternal age (independent
of maternal age). This is a relatively small increase.

If the paternal age coefficient is assumed to be +0.010 (an intermediate value
in the range consistent with all data sets), the regression equation is then: ln[y/(l-
y)] = -7.17041 + O.05510xi + 0.22490x2 + 0.010OOz, where yi, xi, X2, and z
are as defined above. As an illustration of the prediction of this equation, for
41-year-old women, whose overall rate of affected live births is 10.80 per 1,000,
the rate is 9.50 per 1,000 if married to 31-year-old men, 10.50 per 1,000 if mar-
ried to 41-year-old men, and 12.20 per 1,000 if married to 56-year-old men.
We do not suggest, however, that our estimates of the paternal age effects are

precise, nor that the derived regression equations are the most appropriate for
genetic counseling concerning a paternal age effect in future populations.

Lastly, it is of interest that, judging by maternal age-specific rates, the 1964-1976
live births represent to our knowledge the most "complete" large scale community
sample of Down syndrome in which a paternal age effect has been sought. (The
maternal age-specific rates are about the same as those observed in a Massachusetts
study [15] and about 10% lower than those reported in a Swedish study [14].)
Ascertainment was likely less complete for the 1952-1963 group, as well as for other
groups in which no significant effect was reported [8-10]. It is conceivable, there-
fore, that some as yet undetected systematic loss has resulted in failure to find a
significant paternal age effect in the latter studies.

In conclusion, several hypotheses may explain the discrepancies among the
studies of paternal age effect to date: (1) there is a weak paternal age effect that,
because ofsampling fluctuation, is significant only in the 1964-1976 data set; (2) as
yet unknown geographic, ethnic, and temporal factors affect the possible influence
of paternal age, and such factors resulted in a significant effect in British Columbia
in 1964-1976; (3) some as yet undetected methodological artifact associated with
incomplete sampling of live births tended to obscure a paternal age effect in
1952-1963 British Columbia live births and in other studies that reported negative
or nonsignificant trends; and (4) there is no paternal age effect, and statistical
fluctuation is responsible for observed positive results.
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ADDENDUM

Since these data were presented at the 1980 American Society of Human Genetics meeting,
I have received many queries as to how I interpret them with regard to genetic counseling and
paternal age. There are obviously several alternatives. My own preference is ecumenical: to
assume there is a single underlying distribution that is compatible with all the jurisdictions
and temporal periods studied to date. This assumption, which, of course, may be erroneous,
is consistent with about a 1% increase per year in rate with each year of paternal age, at any
fixed maternal age. This suggests only a modest effect even if there are great differences in age.
If for a 21-year-old woman married to a 21-year-old man the expected rate is .05/1,000, then
if she is married to a 56-year-old man the expected rate is about 0.75/1,000. Similarly, if for a
26-26-year-old couple the expected rate is 0.7/1,000, then for a 56-26 couple it is 0.9/1,000; if
for31-31 it is 1.0/1,000, then for 56-31 it isabout 1.3/1,000; iffor 36-36 it is 2.9/1,000, then
for 56-36 it is 3.5/1,000; iffor41-41 it is 10.3/1,000, then for 56-41 it is 12.0/1,000; and if for
46-46 it is 37.6/1,000, then for 56-46 it is 41.4/1,000. For intermediate ages, the predictions
may be interpolated. Again these inferences depend on the assumption that this particular
ecumenical model is correct. It will be of interest to test it against future data sets as they
become available.

REFERENCES

1. HANSSON A, MIKKELSEN M: The origin of the extra chromosome 21 in Down's syndrome.
Cytogenet Cell Genet 20:194-203, 1978

2. PENROSE LS: The relative effect of paternal age and maternal age in mongolism. J Genet
27:219-224, 1933

3. JENKINS RL: Etiology of mongolism. Am JDis Child 45:506-519, 1933
4. MANTEL N, STARK CR: Paternal age in Down's syndrome.AmJMentDeflc 71:1025,1966
5. LILIENFELD AM: Epidemiology of Mongolism. Baltimore: Johns Hopkins Univ. Press,

1969, p 145
6. STENE J, FISCHER G, STENE E, MIKKELSEN M, PETERSON E: Paternal age effect in Down's

syndrome. Ann Hum Genet 40:299-306, 1977
7. MATSUNAGA E, TONOMURA A, OISHI H, KIKUCHI Y: Reexamination ofpaternal age effect in

Down's syndrome. Hum Genet 40:259-268, 1978
8. ERICKSON JD: Down's syndrome, paternal age, maternal age and birth order. Ann Hum

Genet 41:289-298, 1978
9. REGAL R, CROSS PK, LAMSON SH, HOOK EB: A search for evidence for a paternal age effect

independent of a maternal age effect in birth certificate reports of Down's syndrome in
New York State. Am JEpidemiol. In press, 1980

10. ERICKSON JD: Paternal age and Down syndrome. Am JHum Genet 31:489-497, 1979
11. LOWRY RB, JONES DC, RENWICK DHG, TRIMBLE BK: Down syndrome in British Colum-

bia 1952-1973: incidence and mean maternal age. Teratology 14:29-35, 1976
12. LOWRY RB, MILLER JR, ScoTT AE, RENWICK DHG: The British Columbia Registry for

Handicapped Children and Adults: evolutionary changes over twenty years. Can J
Public Health 66:322-326, 1975

13. HOOK EB: Down's syndrome: its frequency in human populations and some factors
pertinent to variation in rates, in Trisomy 21 (Down Syndrome): Research Perspectives,
edited by DE LA CRUZ FF, GERALD PS, Baltimore, Univ. Park Press. In press, 1980

14. HOOK EB, LINDsJo A: Down syndrome in live births by single year maternal age interval in
a Swedish study: comparisons with results of a New York State study. AmJHum Genet
30:19-27, 1978

127



128 HOOK ET AL.

15. HOOK EB, FABIA JJ: Frequency ofDown syndrome by single-year maternal age interval:
results of a Massachusetts study. Teratology 17:223-228, 1978

16. BISHOP YMM, FIENBERG SE, HOLLAND PW: Discrete multivariate analysis. Cambridge,
MIT Press, 1975, pp 125-131

17. SIGLER AT, COHEN BH, LILIENFELD AM, WESTLAKE JE, HETZNECKER WH: Reproductive
and marital experience of parents with children with Down's syndrome (mongolism).
JPediatr 70:608-614, 1967

18. COHEN BH, LILIENFELD AM, KRAMER S, HYMAN LC: Parental factors in Down's syn-
drome-results of the second Baltimore case-control study, in Population Cytogenetics:
Studies in Humans, edited by HOOK EB, PORTER IH, New York, Academic Press, 1977, pp
301-352


