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Abstract

Aim of Study: To assess knowledge of the popula-
tion in Saudi Arabia about health hazards affecting
the offspring of fathers with advanced age at the
time of conception.

Methods: This is a nationwide study that included
1,218 adults living in Saudi Arabia. A study ques-
tionnaire was designed for online data collection us-
ing the “Google Forms”.

Results: Almost half of participants were males
(49.4%), age of 60.3% was 20-40 years, 22.2%
were working in the health sector, while 34.4% were
working in other sectors. The majority of participants
(93.7%) were Saudi, and 52.7% were married. Only
19% stated that advanced paternal age is above 40
years, 54.4% were aware that aged mothers have
more impact on their offspring’s health, 73.3% con-
sidered that age at marriage is increasing in the
community, while 85.5% considered that there is
a need to raise the public’s awareness about the
baby’s health problems associated with fathers’
ageing. Only 12% of participants had poor knowl-
edge about possible impact of advanced father’s
age on offspring’s health. Participants’ knowledge
about impact of father’s age on his offspring’s health
differed significantly according to their age, with
those aged above 40 years having the least
proportion of good knowledge (9.0%, p=0.007)
and also differed with their employment status,
with those employed at other than health sectors
having the least proportion of good knowledge
(7.6%, p=0.001).

Conclusions: The public in Saudi Arabia mostly
have poor knowledge about impact of advanced
paternal age on offspring’s health. Most of them feel
the need to raise their awareness about offspring’s
health problems associated with father’s ageing. It
is recommended to raise their awareness regarding
the fact fathers, mostly after the age of 40 years,
experience decreased fertility, and constitute a high
risk for congenital malformations among their off-
spring. Couples must be counselled on the impact
of advanced paternal and maternal ages on nega-
tive pregnancy outcomes and impaired offspring
health.

Key words: Advanced paternal age, risk factors,
congenital malformations, knowledge.
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Introduction

For many years, advanced maternal age was blamed for
the incidence of many syndromes among their offspring.
This blame was based on strong evidence. However, the
effect of advanced paternal age on offspring was not under
focus, despite the increasing average paternal age (1).

There is no universally accepted definition for “advanced
paternal age”, but father's aged 40 years or older at the
time of conception was frequently used (2). The possible
impact of the relation between advanced father’s age and
the incidence of health hazards among his offspring is not
fully understood. Nevertheless, this may be attributed to
new gene mutation secondary to the large number of self-
deviations in spermatogenesis (3). Autosomal dominant
mutations were estimated to be 0.5% among offspring of
fathers aged older than 40 years (4).

In USA, the crude incidence rates for birth defects (per
10,000 births) among offspring of fathers with advanced
paternal age were reported to vary according to type of birth
defects, such as: anencephaly (1.21), spina bifida (3.32),
encephalocele (0.75), ventricular septal defect (50.03),
atrial septal defects (49.35), cleft lip with or without cleft
palate (9.34), pyloric stenosis (13.71), craniosynostosis
(5.35), gastroschisis (0.38), trisomy 21 (Down syndrome)
31.72, trisomy 13 (Patau syndrome) 0.90, and trisomy
18 (Edwards syndrome) 4.82 (5). However, no study has
estimated prevalence of birth defects among offspring
of fathers with advanced paternal age in the Kingdom of
Saudi Arabia (KSA).

Other than birth defects, studies indicated that advanced
paternal age is associated with 14% higher odds of
premature birth, 18% of seizures, early childhood mortality
(6), cerebral palsy (7) and some cancers, e.g., CNS
neoplasms, acute lymphoblastic leukemia, acute myeloid
leukemia (8). Therefore, impact of advanced paternal age
at the time of conception on offspring is not negligible, and
it might reach up to the risk of Down syndrome reported
among 35-40-year-old mothers (9).

To the best of the researchers’ knowledge, no previous
studies were conducted in KSA aiming to assess the
association between advanced fathers’ age with health
hazards among their offspring. Therefore, it is necessary to
explore the public’'s knowledge about this important health
issue. Results of this study are expected to encourage
healthcare planners toward educating the public to avoid
the possible health hazards among offspring of fathers
with advanced age.

Aim of study

To assess knowledge of the population in Saudi Arabia
about health hazards affecting the offspring of fathers with
advanced age at the time of conception.

POPULATION AND COMMUNITY STUDIES

Subjects and Methods

This research is a nationwide study that included adults
(aged above 18 years) living in all 13 administrative
regions of Saudi Arabia.

After thorough review of relevant literature, a study
questionnaire was constructed by the researchers for data
collection. It included two parts; the first part comprised
personal characteristics (age, gender, educational status,
employment, income and marital status), while the second
part included 15 statements related to participants’
knowledge about the possible impact of advanced parents’
age on health of offspring. A pilot study was conducted
on 50 participants. Test-retest reliability was assessed.
In addition the internal consistency was evaluated using
Cronbach’s alpha coefficient, which was 0.82. The
questionnaire was then designed into online “Google
Forms”.

A score of “1” was assigned to each correct response,
while a score of “0” was assigned to each incorrect (or
do not know) response. Scores of all responses were
summed up to obtain participants’ total knowledge scores
(with @ minimum of 0 and a maximum of 15). Participants
with total scores >8 were considered to have “Good
Knowledge”, while participants whose knowledge scores
were <7 were considered to have “Poor Knowledge”.

The minimum sample size was calculated using the
Raosoft Sample Size Calculator Website (10), with 3%
margin of error, 95% confidence level and 50% response
distribution, to be 1,068. The study questionnaire was
distributed according to a simple random sampling
technique with proportional allocation to 1500 persons
in all 13 Saudi Regions. However, only 1,218 responses
were received (i.e., 81.2% response rate).

Alldatawere cleaned forany duplication orincompleteness.
The Excel spreadsheet data file was exported to the
Statistical Package for Social Sciences (IBM, SPSS,
version 25) file. Study variables were summarized
and reported in terms of frequency distributions and
percentages. All independent variables were compared
across participants’ knowledge grades using the Chi-
Square test. P-values <0.05 were considered statistically
significant.

Participants’ data were kept confidential and were not used
expect for research purposes. The ethical approval for
conducting this study was obtained from the Institutional
Review Board (IRB) in the Abha Maternity and Children
Hospital, Saudi Ministry of Health.
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Results

Table 1 shows that almost half of participants were males
(49.4%). The age of 60.3% was 20-40 years. More than half
of them (55.9%) were university educated. Approximately
Imost one-fifth of participants (22.2%) were working in the
health sector, while 34.4% were working in other sectors.
The monthly income of 31.7% of participants’ was 3,000-
10,000 Saudi Riyals, while that of 39.8% was more than
10,000 Saudi Riyals. The maijority of participants (93.7%)
were Saudi, and 52.7% were married.

Table 2 shows that 36.8% of participants believed that
advanced fathers’ age is above 60 years, while 39.1%
believe that it is above 50 years, while only 19% stated
that it is above 40 years. More than half of participants
(54.4%) were correctly aware that aged mothers have
more impact on their offspring’s health. Almost three-
quarters of participants (73.3%) considered that age at
marriage is increasing in the community, while 85.5%
considered that there is a need for raising the public’s
awareness about offspring’s health problems associated
with father’s ageing.

Table 3 shows that only 31.9% of participants correctly
knew that advanced father’s age affects his offspring’s
health. Regarding the association between father’s aging
and baby’s morbidity, 19.2% knew its association with
congenital heart disease, 12.2% knew its association with
congenital hare lip, 25.2% knew its association with Down
syndrome, 14.9% knew its association with congenital
head deformities, 13.7% knew its association with
epilepsy, 10.8% knew its association with cerebral palsy,
9.4% knew its association with brain tumors, 12% knew
its association with blood diseases, and 20.4% knew its
association with autism.

Figure 1 shows that only 12% of participants had good
knowledge about possible impact of advanced father’s
age on offspring’s health.

Table 4 shows that knowledge about impact of father’s age
on his offspring’s health differed significantly according to
participants’ age, with those aged above 40 years having
the least proportion of good knowledge (9.0%, p=0.007).
Participants’ knowledge also differed significantly
according to their employment status, with those employed
at other than health sectors having the least proportion of
good knowledge (7.6%, p=0.001). However, participants’
knowledge did not differ significantly according to their
gender, educational status, monthly income, nationality or
marital status.
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Table 1: Personal characteristics of participants (n=1218)

Personal characteristics Mo, %

Gender

* [Male o2 49 4

* Female ala L&
Age group

* <20 years 250 20.5

«  20-40 years 735 G,

* » 40 years 233 191
Educational status

. Frimary/ I rtermedizte 37 3.0

*  Secandary 321 313

* Liniversity Bal LG9

* Postoraduste 115 9.8
Emiployment stEtus

* Lnermiployed 528 433

* Health sedar 271 222

* Mot healthsectar 414 4.4
FMonthly income

+ 3000 SR 347 285

. FO00-10000 5k 386 3T

* =10000 SR 425 39.a
MNationality

+  Saudi 1141 937

* Maon-Saudi i7 &3
Current marital status

* [Married o4z 527

+  Single =T 47.3
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Table 2: Participants’ knowledge regarding impact of parent’s age on offspring’s health

Knowledge statements Mo, %
|z ageatmarriage increasng in the community ¥
* ez 893 73.3
* M 152 149
* Do not know 143 11.7
At what age canfathers be considerad as "advanced paternal age"?
* =40 years 231 120
* 50 years 475 391
* =Gl years 443 3.8
* Do not know 03 5.2
Which parent’'s age at conception has more impact onbaly's hedth?
* Mothers = fathers Ly 4.4
* Fathers> mothers 2 2.
+  Bothparentsare equal 321 264
* Do not know 207 170
|5 it necessary to raise public's awarensss about possible hazards of
conception assocised with advanced paternal age?
*+  fes 1041 255
* [ 54 4.4
* Do not know 123 101

Table 3: Participants’ knowledge regarding impact of father’s advanced age at conception on his offspring’s

health
Yes Mo Do not know
Knowledge items Mo, % Mo % Mo, %
Doesadvancedfather's age at concepton R 2149 473 388 356 29.2
affect his off spring’ s general healtth ?
[ Doesadvanced Elg_e_-:ﬁ" fathersincrease incidence of Eu'_r-r'_-:-;' the fallawin, g_a_n';'-_né off 5_||_||_'|g ______________
[+ Congenitalanomalies | 285 | 234 [ as0 | - w0 | 483 | 397 |
[~ s Congenitalheart disesse | . 2337 7192 [ Tas | 31 569 | 457
[« Congenitalharelip | 148 | 122 | a3 | - 3;‘E | 634 | 521 |
[+ Downsyndrome | 307 | |z [ 3Es | : 36 | 526 | . 432 |
[+ Congenitalheaddeformities | 121 | 149 [ aE | - 343 | 619 | 508 |
[T e T Epilepsy T T 67 7137 [ axe | 32| G2z | 511 |
[ e Cerebralpalsy | 132 | 108 [ a1 | - 362 | 645 | 53.0 |
[+ Braintumers | 15 | 94 [ aEl | - 378 | G4z | 527 |
[« Amism | 243 | 204 | 300 | - 320 | Sa0 | 176 |
[+ Blooddiseses | 146 | 120 [ M3z | - 34 | 629 | 516 |
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Figure 1: Grades of participants’ knowledge regarding impact of advanced father’s age
on his offspring’s health
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Table 4: Participants’ knowledge regarding impact of advanced father’s age on his offspring’s health

Foor {n=1072) Good (n=146)
Personal characteristics Mo, % Mo, % P-value
Gender
* [Male 534 287 Ba 11.z
. Female 538 873 78 127 0453
Age group
. <20 years 205 324 44 175
+  20-40 years oS4 89.0 a1 11.0
. = 40 years 212 ol.0 21 a.0 .00y
Educational status
+  Primary/Intermediste 33 89.2 4 108
+  Secondary 329 ged 52 1=6
+  University &1 506 71 10.4
* Fostgradustes 100 24.0 19 16.0 0.221
Flace of employment
* Unemployed 4l a7.3 67 127
*+  Thehealthsedor 224 827 47 17.3
* Mot health sectar 387 92,4 32 7.6 0.00L1%
Monthly income
. <3000 SR 311 295 36 10.4
«  3000-10000 SR 338 276 43 124
. =10000 SR 423 B87.2 62 128 0543
Mationality
«  Saudi 100 282 135 11.&
* Mon-Saudi & 257 11 14,z 0521
Current marital status
* [Married =T 29,3 oe 10.7
*+  Single 4549 26,5 77 134 0.1&0

§ Statistically significant
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Discussion

There is a consistent increase in average paternal age
across all races, ethnicities, and regions, and regardless
of level of education in several countries (11-12). Similarly,
there are changes in Saudi Arabian families due to rising
age at marriage and cultural or economic pressures
(13). In the current era, when childbearing is often being
delayed, there has been great focus on the effects of
advanced maternal age on pregnancy and beyond, while
the discussion of advanced paternal age has taken a
backseat (14).

Our study revealed that the majority of participants had
poor knowledge regarding the impact of fathers’ age at
conception on their offspring’s health. Almost three-
quarters of participants considered that age at marriage is
increasing in the community, while only 19% of participants
stated that it is above 40 years and more than half of
participants were aware that aged mothers have more
impact on baby’s health. Most participants felt the need
for raising the public’s awareness about baby’s health
problems associated with father’s ageing at conception.

Ford et al. (15) noted that natural fertility rates decline
with men older than 40 years compared with men younger
than 30 years. After controlling for maternal age, Hassan
et al. (16) reported that 76.8% of men younger than 25
years impregnated their female partners within 6 months
compared with 52.9% of men olderthan 45 years. Moreover,
advanced paternal age has been linked to increased rates
of miscarriage. After controlling for maternal age, partners
of men older than 35 years were more likely to miscarry
than partners of men younger than 35 years (17-18).

Brandt et al. (19) stated that DNA fragmentation is
independently associated with infertility and lower
livebirth rates. Therefore, it has been suggested that DNA
fragmentation should be part of the routine evaluation of
sperm quality for couples undergoing assisted reproductive
technologies with advanced age husbands (20).

It is to be noted that most professional societies, including
the American College of Obstetrics and Gynecology,
the National Society of Genetic Counselors, and the
International Society of Prenatal Diagnosis, have not
published formal practice guidelines on advanced parental
age (19). Ramasamy et al. (21) argued that advanced
maternal age is considered at the age of 35 years, and
the likelihood of pregnancy declines after intercourse with
men aged >34 years (22). However, the American College
of Medical Genetics has defined advanced parental age
as 40 years or older at the time of conception (19).

About one-third of participants in our study indicated
that advanced paternal age may negatively affect baby’s
health, with higher incidence of congenital heart diseases
(19.2%), harelip (12.2%), Down syndrome (25.2%),
congenital head deformities (14.9%), epilepsy (13.7%),
cerebral palsy (10.8%), brain tumors (9.4%), blood
diseases (12%), or autism (20.4%).

POPULATION AND COMMUNITY STUDIES

Several studies confirmed that advanced paternal age
at conception constitutes a significant risk factor for high
morbidity outcome among offspring. Archer et al. (5)
reported high incidence rates for congenital malformations
among offspring of fathers with advanced paternal age,
e.g., anencephaly, spina bifida, encephalocele, ventricular
septal defect, atrial septal defects, harelip, cleft palate,
and Down syndrome.

Malaspina et al. (23) reported that, in a subgroup of men
40-49 years old, the relative risk of developing autism
spectrum disorders was six-fold more likely in their
children than the offspring of men younger than 20 years
of age. Toriello and Meck (24) found that, either alone
or in combination with a maternal age effect, advanced
paternal age may increase the risk of Down syndrome.
Khandwala et al. (12) added that advanced paternal age
was associated with an increased risk of premature birth,
low birth weight, and low Apgar score.

Moreover, advanced paternal age was reported to be
a risk factor for several birth defects. Odds ratios (OR)
more than 1 were reported with each year of increase in
paternal age for cleft lip (OR: 1.02), diaphragmatic hernia
(OR: 1.04), right ventricular outflow tract obstruction, (OR:
1.03), and pulmonary stenosis (OR: 1.02) with each year
of increase in paternal age (25). Although these odds
suggest a small magnitude of, the cumulative risk over
decades is substantial. A 40-year-old father would have
twice the odds of having a child with diaphragmatic hernia
compared with a 20-year-old father given the adjusted OR
of 1.04. The relative risk for offspring with schizophrenia
was 2 for fathers aged 45-49 years and 3 for fathers aged
>50 years Malaspina et al. (26).

Johnson et al. (27) explained the high morbidity rates
among offspring of fathers with advanced age by that
increasing paternal age negatively affects sperm quality,
with decline in semen volume, total sperm count and
motility, percentage of morphologically normal sperm,
and increased DNA fragmentation rates. These age-
dependent changes in semen quality could be attributed
to normal physiological changes in the reproductive tract
that occur with ageing, decreased capacity for cellular and
tissue repair of damage induced by exposure to toxicants
or diseases, and increased chances with age of having
reproductive damage resulting from exogenous exposures
such as smoking or infections (28). However, the fact that
both normal physiological processes and environmental
factors could be held responsible for the effects of ageing
on the male reproductive system adds to its complexity
(29).

The present study revealed that public’s poor knowledge
regarding the possible impact of advanced paternal age
on offspring’s health is quite general, as participants’
knowledge did not differ significantly according to their
gender, educational status, monthly income, nationality
or marital status. However, participants’ knowledge
grades differed significantly according to their age and
employment status, with those aged above 40 years and
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those with other than health sectors employment having
the least proportion of good knowledge, while younger
participants (aged less than 20 years) and those employed
in the health sector, despite having high percentages of
poor knowledge, had relatively the highest percentages of
good knowledge.

Although it is alarming that the majority of participants had
poor knowledge about the negative impact of advanced
paternal age on offspring, it is not surprising that those
employed in the health sector had relatively less percentage
of poor knowledge. Moreover, higher percentage of poor
knowledge among older participants may be attributed
to the fact that internet sources of knowledge are more
frequently used by younger people. However, the present
study indicates that it is a pressing necessity to raise the
awareness of the public in Saudi Arabia regarding the
fact that not only mothers, but also fathers at a given
point in time, mostly after the age of 40 years, experience
decreased fertility, and constitute a high risk for congenital
malformations among their offspring.

Demographic studies have revealed that the number of
births to parents older than 35 years has more than doubled
in the past 20 years in the USA. This increase in parental
age is a public health concern since more infants are being
born with increasing risk for genetic abnormalities (30).

Societal pressures are partly to blame for delaying
childbearing and the rising age of parents at conception.
Careers and educational aspirations, along with an
increased life expectancy and the nearly ubiquitous use
of contraception, have decreased accidental birth rates
and increased parental age at first childbirth. Moreover,
the success of in vitro fertilization has given many couples
a type of ‘reproductive security blanket’ by assuring them
that if the traditional methods of achieving conception are
not successful, technology will come to their rescue (31).
Additionally, increased rates of divorce and remarriage,
resulting in many fathers having a child with a second
spouse or partner later in life, has contributed to increasing
paternal age. Improved methodologies for assisted
reproductive technologies have paralleled these lifestyle
and cultural changes, allowing for couples to start families
later in life despite declining fertility (32).

Brandt et al. (19) advocated that raising the awareness of
couples regarding the risk of advanced paternal age on their
offspring should be performed by offering preconception
genetic counseling. Given that maternal and paternal
ages are highly correlated, many couples may already
be presenting for genetic counseling to discuss maternal
risks and their pregnancies. Moreover, Durairajanayagam
(33) stressed that couples must be counselled with equal
emphasis on the contribution of both advanced paternal and
maternal ages as being potential risk factors of negative
pregnancy outcomes and impaired offspring health. In that
respect, the public’s awareness and recognition of the
possible impact of risk factors present in daily life is crucial
amongst couples seeking conception.
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In conclusion, the public in Saudi Arabia mostly have
poor knowledge about impact of advanced paternal age
on offspring’s health. Their poor knowledge is less among
younger people and those who work in the health sector.
Most of them feel the need to raise their awareness about
offspring’s health problems associated with father’s ageing.
Therefore, it is recommended to raise the awareness of the
public in Saudi Arabia regarding the fact fathers, mostly
after the age of 40 years, experience decreased fertility, and
constitute a high risk for congenital malformations among
their offspring. Moreover, couples must be counselled
on the impact of advanced paternal and maternal ages
on negative pregnancy outcomes and impaired offspring
health.

References

1- Mcintosh GC, Olshan AF, Baird PA. Paternal Age and
the Risk of Birth Defects in Offspring. Epidemiology 1995;
6(3): 282-288.

2- Nybo AA, Urhoj, SK. Is advanced paternal age a health
risk for the offspring? Fertil Steril, 2017; 107(2):312-318.
3- Sharma R, Agarwal A, Rohra VK, Assidi M, Abu-Elmagd
M, Turki RF. Effects of increased paternal age on sperm
quality, reproductive outcome and associated epigenetic
risks to offspring. Reprod Biol Endocrinol 2015; 13(1): 1—
20. doi: 10.1186/s12958-015-0028-x.

4- Friedman JM. Genetic disease in the offspring of older
fathers. Obstetrics and Gynecology. 1981; 57(6):745-749.
5-ArcherNP, Langlois PH, SuarezL, BrenderJ, Shanmugam
R. Association of paternal age with prevalence of selected
birth defects. Birth Defects Research Part A: Clinical and
Molecular Teratology 2007; 79 (A):27-34.

6- Khandwala YS, Baker VL, Shaw GM, Stevenson DK, Lu
K, Eisenberg ML. Association of paternal age with perinatal
outcomes between 2007 and 2016 in the United States:
population based cohort study. BMJ (Clinical research ed.)
2018; 363: k4372. doi:10.1136/bm;j.k4372.

7- Fletcher NA, Foley J. Parental age, genetic mutation,
and cerebral palsy Journal of Medical Genetics 1993;
30(1): 44-46.

8- Urhoj SK, Raaschou-Nielsen O, Hansen AV, Mortensen
LH, Andersen PK, Nybo Andersen AM. Advanced paternal
age and childhood cancer in offspring: Anationwide register-
based cohort study. Int J Cancer 2017; 140(11):2461-2472.
doi:10.1002/ijc.30677.

9- Friedman JM. Genetic disease in the offspring of older
fathers. Obstet Gynecol. 1981; 57(6):745-749.

10- Raosoft Sample Size Calculator. www.raosoft.com.
samplesize.html. Accessed on December 1st, 2020.

11- Paavilainen M, Bloigu A, Hemminki E, Gissler M,
Klemetti R. Aging fatherhood in Finland—first-time fathers
in Finland from 1987 to 2009. Scand J Public Health 2016;
44(4):423-430. doi: 10.1177/1403494815620958.

12- Khandwala YS, Zhang CA, Lu Y, Eisenberg M. The age
of fathers in the USA is rising: an analysis of 168 867 480
births from 1972 to 2015. Hum Reprod. 2017; 32(10):2110—
2116. doi: 10.1093/humrep/dex267.

13- Al-Khraif R, Abdul Salam A, Abdul Rashid MF. Family
Demographic Transition in Saudi Arabia: Emerging Issues
and Concerns. Sage Open 2020; 20(1):1-13. doi: 10.1177
/2158244020914556.

63



POPULATION AND COMMUNITY STUDIES

64

14- Barsky M. Should we be worried about advanced
paternal age? Fertil Steril 2020; 114(2): 259.

15- Ford WC, North K, Taylor H, Farrow A, Hull MG,
Golding J. Increasing paternal age is associated with
delayed conception in a large population of fertile couples:
evidence for declining fecundity in older men. The ALSPAC
study team (Avon longitudinal study of pregnancy and
childhood). Hum Reprod 2000; 15(8):1703-1708.

16- Hassan MA, Killick SR. Effect of male age on fertility:
evidence for the decline in male fertility with increasing
age. Fertil Steril 2003;79(Suppl 3):1520-1527.

17- Slama R, Bouyer J, Windham G, Fenster L, Werwatz
A, Swan SH. Influence of paternal age on the risk of
spontaneous abortion. Am J Epidemiol. 2005;161(9):816-
823.

18- Belloc S, Cohen-Bacrie P, Benkhalifa M, Cohen-Bacrie
M, De Mouzon J, Hazout A, et al. Effect of maternal and
paternal age on pregnancy and miscarriage rates after
intrauterine insemination. Reprod Biomed Online 2008;
17(3):392-397.

19- Brandt JS, Ithier MAC, Rosen T, Ashkinadze E.
Advanced paternal age, infertility, and reproductive risks:
A review of the literature. Prenatal Diagnosis. 2019;
39:81-87.

20- Humm KC, Sakkas D. Role of increased male age
in IVF and egg donation: is sperm DNA fragmentation
responsible? Fertil Steril 2013; 99(1):30-36.

21- Ramasamy R, Chiba K, Butler P, Lamb DJ. Male
biological clock: a critical analysis of advanced paternal
age. Fertil Steril 2015; 103:1402-6.

22- Stone BA, Alex A, Werlin LB, Marrs RP. Age thresholds
for changes in semen parameters in men. Fertil Steril
2013; 100:952-8.

23- Malaspina D, Reichenberg A, Weiser M, Fenning S,
Davidson M, Harlap S, et al. Paternal age and intelligence:
implications for age-related genomic changes in male
germ cells. Psychiat Genet 2005;15(2):117-125.
24-TorielloHV, Meck JM. Statementonguidance forgenetic
counseling in advanced paternal age. Genet Med. 2008;
10(6):457-460. doi:10.1097/gim.0b013e318176fabb.

25- Green RF, Devine O, Crider KS, Olney RS, Archer
N, Olshan AF, et al. Association of paternal age and risk
for major congenital anomalies from the National Birth
Defects Prevention Study, 1997 to 2004. Ann Epidemiol
2010; 20(3):241-249.

26- Malaspina D, Harlap S, Fennig S, Heiman D, Nahon
D, Feldman D, et al. Advancing paternal age and the risk
of schizophrenia. Arch Gen Psychiatry 2001;58:361e7.
27- Johnson SL, Dunleavy J, Gemmell NJ, Nakagawa
S. Consistent age-dependent declines in human semen
quality: a systematic review and meta-analysis. Ageing
Res Rev 2015; 19:22-33.

28- Eskenazi B, Wyrobek AJ, Sloter E, Kidd SA, Moore L,
Young S, et al. The association of age and semen quality
in healthy men. Hum Reprod 2003;18:447-54.

29- Gunes S, Hekim GN, Arslan MA, Asci R. Effects of
aging on the male reproductive system. J Assist Reprod
Genet 2016; 33:441-54.

30- Fisch H, Hyun G, Golden R, Hensle TW, Olsson CA,
Liberson GL. The Influence of Paternal Age on Down
Syndrome. The Journal of Urology, 2003; 169(6):2275-
2278. doi:10.1097/01.ju.0000067958.36077.d8.

31- Kovac JR, Addai J, Smith RP, Coward RM, Lamb DJ,
Lipshultz LI. The effects of advanced paternal age on
fertility. Asian Journal of Andrology 2013; 15:723-728.
doi:10.1038/aja.2013.92.

32- Braverman AM. Old, older and too old: age limits
for medically assisted fatherhood? Fertil Steril 2017;
107(2):329-333. doi: 10.1016/j.fertnstert.2016.12.006.
33- Durairajanayagam D. Lifestyle causes of male
infertility. Arab Journal of Urology 2018; 16:10-20.

WORLD FAMILY MEDICINE/MIDDLE EAST JOURNAL OF FAMILY MEDICINE VOLUME 19 ISSUE 3 MARCH 2021



