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ABSTRACT The association of advanced maternal age with chromosomal aneuploidies has been widely discussed
and debated over decades. The effect of paternal age was underreported and left room for analysis and discussion.
In a retrospective study, the researchers observed the paternal age of three chromosomal aneuploidies from the
Indian population. Patient data with confirmed karyotype included the paternal age. The paternal age was
dichotomized into two groups (<30 years) and (>30 years). Linear regression analysis was applied to observe the
correlation of paternal age with children born with aneuploidies. Interestingly, the researchers could deduce the
statistically significant paternal age as a confounding risk factor in chromosomal aneuploidy in both age groups for
Down and Turner syndrome. These observations facilitated the need of a strategic approach in the management of
couples at risk of cytogenetic abnormalities.
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INTRODUCTION

Gametogenesis represents an integral phe-
nomena in the reproductive cycles. Meiotic er-
rors incline towards the genesis of abnormal germ
cells either with missing or extra chromosomes,
causing aneuploidy. A higher proportion of ab-
normal oocytes (21%) had been seen than sper-
matozoa (9%) (Martin 2008); the difference may
be due to checkpoints during spermatogenesis.
Advanced maternal age, the principal factor for
oocyte aneuploidy (Griffin1996), was widely dis-
cussed for decades. The reports on paternal age
effect on the aneuploidy conditions left a scope
for wider investigations and discussions. Has-
sold et al. (2000), opines that the paternal age is
the causative factor for causation of five to ten
percent of trisomy foetus. There are different
views reported in recent literature associating
paternal age and chromosomal aneuploidy. De
Souza et al. (2010) pointed out the weak associ-
ation of paternal age, whereas an inverse rela-
tionship of (parental) paternal age associating
with aneuploidy was proposed by Steiner et al.
(2015). It was estimated that about five to ten
percent of trisomies have a proportional effect

of paternal age, but the age analysis was limited
to around 40 years (Zaragoza et al. 1994; Hook
and Regal 1984; Hook et al. 1990).

Objectives

There was limited evidence from epidemio-
logical genetics to correlate the confounding
paternal age factor on chromosomal aneup-
loidies. This left room for analysis of paternal
age as a confounding factor for chromosomal
aneuploidies.

MATERIAL  AND  METHODS

This is a retrospective study. The data has
one autosomal trisomy, Down syndrome (DS)
and two sex chromosomal aneuploidies, Turner
syndrome (TS) and Klinefelter syndrome (KFS)
obtained during the extensive research degree
programs during the years of 2000 to 2010 at St.
John’s Medical College, Bengaluru. Paternal age
of all the cases at the time of conceptionwas
quantified in Excel. The paternal age at the time
of conception was the independent variable and
they were dichotomized into two groups: group
1 is <30 years of age and group 2 as> 30 years
age. The upper paternal age limit was 65 years.
The children born to these groups of father’s
age were confirmed cytogenetically with DS, TS,
and KFS.
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Fig. 1. Group 1 (< 30 years) versus chromosomal aneuploidies

The dichotomized paternal age was quanti-
fied in EXCEL and linear regression analysis for
r2 and p-value for the significance of r was ap-
plied and calculated.

RESULTS

In the present study, the paternal age of 394
[155 DS-male, 127-DS female, 40- KFS and 71-
TS] casesof confirmed chromosomal aneup-
loidies at the time of conception were observed.
Autosomal aneuploidy [DS] was more in num-
ber than the sex chromosomal aneuploidies [KFS
and TS] taken together.

The number of children born with chromo-
somal aneuploidies was plotted against the
Group 1 (>30 years) paternal age in Figure 1.
There were 67 DS-male, 16 KFS, 60 DS-female
and 35 TS children tallied in this paternal age
group. Live births of autosomal trisomy (trisomy
21) and Monosomy X (TS) were notably higher
in number than KFS. The interesting observa-
tion was there were notably higher numbers of
aneuploidies between the paternal ages of 27-30
years.

In Figure 2, Group 2 (>30 years) shows the
number of aneuploidies trended high between

31-40 years of paternal age, but deflected down
as the age progressed. There were 88 DS-male,
24 KFS, 67 DS-female and 36 TS children tallied
in this paternal age group. The occurrence of
trisomy 21 (DS) and monosomy X was higher
than KFS.

The coefficient of determination for correla-
tion was analysed through linear regression.
There was a strong positive correlation between
group 1 (<30 years) with autosomal aneuploidy
(trisomy 21) for both male and female DS chil-
dren and Monosomy X. Sex chromosomal tri-
somy (KFS) reflected a marginal correlation. The
group 2 (>30 years) displayed the significant
negative correlation with the incidence of chro-
mosomal aneuploidies. The rationale of nega-
tive correlation can be due to limited aneuploidy
children in group 2 principally after 45 years of
age.

DISCUSSION

The present study was designed to explore
the correlation between paternal age and the
chromosomal aneuploidies, Down, Turner and
Klinefelter syndromes (DS, TS, KFS). The un-
usual factor was noticed in the study – there is a

Group 1 (< 30 years) vs chromosomal aneuploidies
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potential age effect that existsfor young pater-
nal age with the birth of DS and TS than KFS.

Down Syndrome (Trisomy 21)

Ninety percent of Meiotic I error during oo-
genesis in women of older age have a strong
association with DS, whereas it accounts for only
five percent for spermatogenesis. A strong as-
sociation was noticed with Meiotic I and II error
during spermatogenesis and paternal age (Peter-
son et al. 1993; Nicolaidis and Petersen 1998;
Sherman et al. 1991). Most of the previous stud-
ies reflect that advanced paternal age even
though minimal, can be considered as risk factor
for causation of DS (McIntosh et al. 1995;Hook
and Regal 1984). Very limited studies had an in-
verse proportional view that even younger pa-
ternal age (<20) may have a risk of fathering a
DS child. The observations, in the present study,
reflected the significantly higher risk of father-
ing a Down child at a younger paternal age.

Research studies on the parental age effect
on sex chromosomal aneuploidies indicate that
advanced paternal age may result in 0.2 percent
of live births with sex chromosomal aberrations.

Klinefelter Syndrome (47, XXY)

The paternal contribution to the causation
of KFS is about fifty percent (Wyrobek et al.

2000).  Klinefelter syndrome affects about 1 in
500 male births and is the most common cause
of male infertility in humans. There were con-
flicting opinions about the effect of paternal age
on KFS. Majority of the studies opine the insig-
nificant contribution of paternal age on the oc-
currence of KFS (Jacobs et al. 1988; Thomas et
al. 2000). There are studies that report an alter-
native view. An example to cite is from Lorda-
Sanchez et al. (1992) observation, demonstrat-
ing a correlation with paternal age by paternally
derived KFS. In the present study, the paternal
age is observed to be of low significance in KFS
compared to the other two aneuploidies irrespec-
tive of the age cohort.

Turner Syndrome (45, X)

Eighty percent of TS live births have an as-
sociated paternal contribution (Wyrobek et al.
2000). TS affects 1 in 5000 live births: however,
there is a continuing debate on the presence of
cryptic mosaicism in female TS live births (Turn-
penny and Ellard 2012). Inverse paternal age is
reported for TS cases by Carothers et al. (1980),
however, lack of paternal age association was
reported in studies by Mathur et al. (1991). The
present study’s observations closely relates with
the Carothers observations, indicating a possi-
ble relationship between paternal age and con-
cordance of TS.

Fig. 2. Group 2 (> 30 years) versus chromosomal aneuploidies

Group 2 (> 30 years) vs chromosomal aneuploidies
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CONCLUSION

Maternal age as a risk factor, is widely ac-
cepted consideration to account for non-dis-
junction during meiosis I and/or meiosis II, caus-
ing the chromosomal abnormalities. Genetic ep-
idemiological studies reflect that there may be
minimal or a lack of paternal age association with
autosomal aneuploidies like trisomy 21. Contrary
to this, paternal age factor laid a debate among
the researchers to enroot its effect on sex chro-
mosomal aneuploidies. In the present study of
394 cases [155 DS-male, 40 KFS, 127-DS female
and 71 TS], significant correlation of paternal
age was observed with DS and TS, but mild to
insignificant association with KFS. This is an
interesting factor raised and opened for further
investigation and discussion about the effect of
young paternal age and its correlation with chro-
mosomal aneuploidies.

REFERENCES

Carothers AD, Frackiewicz A, De Mey R, Collyer S,
Polani PE, Osztovics M, Horva H, Papp Z, May
HM, Ferguson-Smith MA 1980. A collaborative study
of the aetiology of Turner syndrome. Ann Hum
Genet, 43: 355-368.

De Souza E, Morris JK, EUROCAT Working Group
2010. Case-control analysis of paternal ageandtri-
somic anomalies. Arch Dis Child, 95: 893-897.

Griffin DK 1996. The incidence, origin and etiology of
aneuploidy. Int R Cytol, 167: 263-296.

Hassold T, Sherman S 2000. Down syndrome: Genetic
recombination and the origin of the extra chromo-
some 21. Clin Genet, 57(2): 95-100.

Hook EB, Regal RR 1984. A search for a paternal-age
effect upon cases of 47, +21 in which the extra chro-
mosome is of paternal origin. Am J Hum Genet, 36:
413-421.

Hook EB, Cross PK, Regal RR 1990. Factual, statistical
and logical issues in the search for a paternal age effect
for Down syndrome. Hum Genet, 85: 387-388.

Jacobs PA, Hassold TJ, Whittington E, Butler G,Collyer
S, Keston M, Lee M 1988. Klinefelter’s syndrome:
An analysis of the origin of the additional sex chro-

mosome using molecular probes. Ann Hum Genet,
52: 93-109.

Lorda-Sanchez I, Binkert F, Maechler M, Robinson-
WP, Schinzel AA 1992. Reduced recombination and
paternal age effect in Klinefelter syndrome. Hum
Genet, 89: 524-530.

Martin RH 2008. Meiotic errors in human oogenesis
and spermatogenesis. Repro BioMed Online, 16(4):
523-531.

Mathur A, Stekol L, Schatz D, MacLaren NK, Scott
ML, Lippe B 1991. The parental origin of the single
X chromosome in Turner syndrome: Lack of corre-
lation with parental age or clinical phenotype. Am J
Hum Genet, 48: 682-686.

McIntosh G, Olshan A, Baird P 1995. Paternal age and
the risk of birth defects in offspring. Epidemiology,
6: 282-288.

Nicolaidis P, Petersen MB 1998. Origin and mecha-
nisms of non-disjunction in human autosomal triso-
mies. Hum Reprod, 13: 313-319.

Petersen MB, Antonarakis SE, Hassold TJ, Freeman SB,
Sherman SL, Avramopoulos D,Mikkelsen M 1993.
Paternal nondisjunction in trisomy 21: Excess of male
patients. Hum Mol Genet, 2: 1691-1695.

Sherman SL, Takaesu N, Freeman SB, Grantham M,
Phillips C et al. 1991. Trisomy 21: Association be-
tween reduced recombination and nondisjunction.
Am J Hum Genet, 49: 608-620.

Steiner B, Masood A, Rufiback K, Niedrist D, Kundert
O, Kundert O, Riegel M, Schinzel A 2015. An unex-
pected finding: Younger fathers have a higher risk
for offspring with chromosomalaneuploidies. Eur J
Hum Genet, 23: 466-672.

Thomas NS, Collins AR, Hassold TJ, Jacobs PA 2000. A
reinvestigation of non-disjunction resulting in 47,
XXY males of paternal origin. Eur J Hum Genet, 8:
805-808.

Turnpenny P, Ellard S 2012. Emery’s Elements of Med-
ical Genetics.14th Edition. UK: Elsevier Churchill
Livingstone.

Wyrobek A, Marchetti F, Sloter E, Bishop J 2000.
Chromosomally defective sperm and their devel-
opmental consequences. In: D Anderson, AE Kar-
akaya, RJ Sram (Eds.): Human Monitoring after
Environmental and Occupational Exposure to
Chemical and Physical Agents. Amsterdam: IOS
Press, pp. 134-150.

Zaragoza MV, Jacobs PA, James RS, Rogan P, Sherman
S, Hassold T 1994. Non-disjunction of human acro-
centric chromosomes: Studies of 432 trisomicfetus-
es and liveborns. Hum Genet, 94: 411-417.

Paper received for publication on July 2018
Paper accepted for publication on October 2018


