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Sex Ratio at Birth: A Retrospective Audit of the Birth Records
of a Nigerian Hospital
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Aims: The aim was to determine the sex ratio at birth in St Philomena Catholic Hospital (SPCH), Benin City, south-south,
Nigeria and to assess its relationship with birth order and maternal age.

Methods: In this retrospective cohort study, the records of all deliveries at St Philomena Catholic Hospital (SPCH), Benin
City, Nigeria between st January, 2005 and 31st December, 2014 (10 years) were retrieved and analyzed. Stillbirths and
infants with ambiguous genitalia were excluded in the analysis.

Results: The total number of live-births during the 10-year period under review was 13,702 and these consisted of 7,007
males and 6,695 females, resulting in a sex ratio of 104.7:100 (approximately 1.05) at birth. The yearly sex ratios varied
from 1.01 to 1.14. The maternal age and the birth order significantly influenced offspring sex ratio at birth (p < 0.001). The
highest sex ratio was found among third-birth-order offspring and the lowest was found among offspring of fifth-birth order
and above. Offspring of mothers aged 25-29 years had the highest sex ratio and those of mothers aged 40 years and above had
the lowest sex ratio.

Conclusions: The sex ratio at birth in south-south Nigeria is comparable to values obtained from south-west Nigeria but lower

than that obtained from north-west Nigeria. The birth order and maternal age influenced the offspring sex ratio at birth.
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INTRODUCTION

The phrase ‘sex ratio at birth’ (SRB) refers to the
number of male live-births for every 100 female
births.! The SRB affects several critical demographic
measures, such as the ‘doubling time’ of a population
as well as the sex composition of a population.?
Data related to SRB are necessary to understanding
trends in infant morbidity and mortality, such as
low birth weight, prematurity and sudden infant
death syndrome.# Some researchers have used
SRB to assess the impact of environmental factors
on the endocrine system and reproductive health of
humans.”™  Thus, SRB represents a simple, cheap
and noninvasive method studying and monitoring the

reproductive status of a population.

Sex ratio at birth varies not only from one country to
another but also, within the same country and it may
be skewed by factors such as age of the mother, birth
order and sex-selective abortions.'” Environmental

CORRESPONDENCE

Dr Alphonsus N. Onyiriuka
Department of Child Health,
University of Benin Teaching Hospital,
PMB 1111, Benin City, Nigeria.
E-mail: alpndiony@yahoo.com

exposure to endocrine-disrupting compounds
may lower sex ratio at birth.!"'> Thus, SRB has
been regarded as a marker of paternal endocrine
disruption.!"  Worldwide, estimates indicate that
SRB is 105 -107 male births for every 100 female
births with a median of 105.9.! This median figure is
usually used as the baseline for measuring deviations
in the sex ratio. Previous studies in Nigeria found a
sex ratio of 1.12, 1.04 and 1.05 in the north-west,"
the south-east,'* and the south-west,'* respectively.
To the best of our knowledge, there is no report of
SRB from south-south, Nigeria. Secular trends in
SRB have been reported from different regions and
countries of the world. >*!' The above considerations

prompted the present study.

The purpose of the present study is to determine the
sex ratio at birth in Benin City, south-south Nigeria
and assess its relationship with birth order and
maternal age.

METHODS
A retrospective assessment of the birth records of
all the deliveries at St Philomena Catholic Hospital
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(SPCH), Benin City, Nigeria between 1st January,
2005 and 31st December, 2014 (10 years) was
carried out. Stillbirths were excluded in the analysis
in conformity with the definition of sex ratio at birth.!
Infants with ambiguous genitalia were also excluded
from the analysis. The deliveries were recorded
according to the month and year of delivery. The
study design was approved by the hospital authority.
The sex ratio at birth was computed, using the formula
B/G x 100 (where ‘B’ is number of male births and
‘G’ is number of female births). In this study, a birth
order refers to the proband’s position within his/her
sibship.

Statistical analysis was performed using the statistical
package for social sciences (SPSS, version 16.0).
Descriptive statistics such as frequencies, means,
standard deviations (SDs),
(CIs) and percentages were used to describe all the
variables. Students’ t test was used in ascertaining the
significance of differences between two means with

confidence intervals

p-value set at < 0.05.

RESULTS

During the 10 years covered by this review, a total
of 13,702 live-births were recorded at SPCH and
this consisted of 7,007 males and 6,695 females.
Males accounted for 51.1% of the total live- births.
A quarter (24.9%) of the total births were recorded in
the years 2013 and 2014. The overall sex ratio for the
10 years pooled together was 1.046 (approximately
1.05).

Table 1. Annual live-births according to gender and sex
ratio (2005-2014).

Year of  Total Number Number Sex
Study of males  of females ratio
2005 1128 569 559 1.02
2006 1487 764 723 1.06
2007 1304 659 645 1.02
2008 1230 647 583 1.11
2009 1304 660 644 1.02
2010 1332 690 642 1.07
2011 1105 588 517 1.14
2012 1398 714 684 1.04
2013 1653 829 824 1.01
2014 1761 887 874 1.01
2005-14 13,702 7007 6695 1.05

As shown in Table 1, the highest sex ratio of 1.14 was
recorded in the year 2011. The lowest sex ratio was
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1.01 and this was recorded in two successive years
(2013 and 2014). We evaluated whether the SRB has
changed overtime and observed that the percentage
of male births increased from 50.4% (95% CI = 49.2-
51.6) in 2005 to 52.6% (95% CI=51.4-53.8) in 2008
and then dropped to 50.6% (95% CI= 49.4-51.8) in
2009. Subsequently, the proportion of male births
rose to a peak of 53.2% (95% CI=52.0-54.4) in 2011.
From 2012 to 2014 the percentage of male births
remained relatively low, varying from 50.1% in 2012
to 50.4% 2014 (Table 1). However, no clear trend
was apparent in these comparisons except that the
proportion of male births have been low in the past
three years (2012 to 2014).

Table 2. Sex ratio at birth according to birth order
(2005-2014).
Year Yearly Sex ratio by birth order
of study total

Ist 2nd 3rd 4th > 5th
2005 1128  1.04 1.03 1.07 1.02 1.01
2006 1487  1.04 1.04 1.06 1.03  1.02
2007 1304 1.03 1.05 1.05 1.04 1.03
2008 1230  1.04 1.06 1.09 1.05 1.04
2009 1304 1.03 1.03 1.05 1.04 1.03
2010 1332 1.02 1.03 1.04 1.04 1.01
2011 1105  1.04 1.06 1.14 1.08 1.05
2012 1398  1.02 1.03 1.05 1.03  1.01
2013 1653 1.01 1.02 1.03 1.02  1.00
2014 1761 1.01 1.01 1.03 1.02 1.01
2005-14 13702 1.03 1.04 1.05 1.03  1.02

As depicted in Table 2, the highest sex ratio was
found in the third-birth-order offspring and lowest
sex ratio was found among offspring of fifth rank
order and above.

Table 3. Sex ratio of offspring at birth according to
maternal age groups.

Maternal Total Number Number Sex
age of males of females  ratio
in years

<20 397 202 195 1.04
20-24 2378 1216 1162 1.05
25-29 5148 2657 2491 1.07
30-34 3688 1893 1795 1.05
35-39 1570 798 772 1.03
>40 245 124 121 1.02
Unknown 276 140 136 1.03
Total 13,702 7007 6695 1.05

Table 3 showed that the offspring sex ratio was
highest among mothers aged 25-29 years and lowest
among offspring of mothers aged 40 years and above.
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The overall average maternal age was 27.3+4.1 years
(95% C1=27.2-27.4).

Table 4. Offspring gender distribution by maternal

age and birth order.

Parameter Male births  Female births t-statistic
(n=7007) (n=6695) (p-value)

Mean 27.2%3.1 28.0£3.6 9.716

maternal (<0.001)

age (years)*

Mean birth 2.6£1.2 3.1£1.1 17.777

order (<0.001)

Number of unknown maternal age = 276. *Mean maternal age:
Number of male births = 6,866; number of female births = 6,560;
Sex ratio = 1.046 (approximately 1.05).

Table 4 showed that the maternal age and the birth

order significantly influenced offspring sex ratio at
birth.

DISCUSSION

Our data indicate that the offspring sex ratio at
birth in the total sample studied was 1.05. This is in
complete agreement with 1.05 previously reported
from south-west, Nigeria'> but slightly higher than
1.04 found in south-east, Nigeria.'* Thus, suggesting
that over the years, there has been no significant
change in sex ratio at birth in southern Nigeria. In
contrast, the sex ratio found in the present study was
significantly lower than 1.12 reported from northern
Nigeria about a decade ago.'* Garenne in a review of
56 surveys, totaling 1.130 million births in African
countries found that the average sex ratio was 1.033
(approximately 1.03).¢ The reason for the lower sex
ratio found in our study compared with that found in
northern Nigeria is not clear. One obvious difference
between northern and southern Nigeria is climatic,
with the north being generally hotter and with less
rainfall compared with the south. It is, therefore,
possible that more males are born in the relatively
hotter north compared with the south of Nigeria. This
view is supported by reports of some studies from
Finland which indicated that more males are born
in years with higher mean annual temperatures.'”"
The result of another study also suggests that more
males are born during warmer periods.?® In contrast,
Dixson et al,?! in a study in New Zealand, found
that the ambient temperature did not influence the
proportion of males at birth. However, they noted that
temperature may influence human sex ratio at birth
but that such effects of temperature are not universal.
The reason for the conflicting results is not clear but

suggests that other unidentified environmental factors
may play a role. The SRB (1.05) found in the present
study is slightly less than the worldwide median of
105.9 (approximately 1.06)." There is no readily
available explanation for this difference.

Data from the present study indicate that the birth
of a male offspring was significantly more frequent
among lower-birth-order offspring compared with
higher-birth-order offspring. Births of fifth rank order
and above had the lowest sex ratio. Our finding is in
consonance with the report of previous studies??
and suggests that births of lower rank order have
higher proportions of males than those of higher
ranks. In contrast, other researchers reported that
there was no association between birth order and sex
ratio.?* In that study, the study population was 6,689
which was significantly lower than 13,702 used in
the present study. A large sample size is known to be
more ideal for a sex ratio study. Indeed, in a review
of the literature, James stated that in general, results
of small-sample studies have been inconclusive
and contradictory.”® Novitski and Kimball, using a
large sample size (3,645,750), found a significant
association between birth order and sex ratio.?*On the
other hand, the conflicting reports may suggest that
unidentified environmental factors
the sex ratio rather than demographic factors alone.
We do not have any readily available explanation
for the higher male births at the third birth-order
offspring. It might mean that the female reproductive
system is physiologically at its best for survival of
male embryos during the third-birth-order pregnancy.

may influence

In the present study, male births were significantly
more frequent in younger mothers compared with
older mothers. We found the highest sex ratio was
among mothers aged 24-29 years. Thus, suggesting
that younger women tend to have a higher frequency
of male births. This view is supported by the report of
Rueness et al.”” They proposed that a higher maternal
age serves as a stressor to the female reproductive
system during pregnancies due to physical aging.
There is some evidence that male embryos are more
vulnerable to such stressors in early developmental
stages, putting them at a relatively higher risk of
early intrauterine death compared with female
embryos.” Indeed, Hassold et al.?® found that fetal
death rate was higher for male than female fetuses
and it is estimated that the increase is about 30% in
chromosomally normal spontaneous abortions. In
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contrast, Maconochie et al did not find any evidence
that maternal age influenced sex ratio at birth.?

Large study population which is ideal for studies on
sex ratio at birth was the strength of the study. One
limitation is that the recorded maternal ages may
be inaccurate and this may affect assessment of the
association between maternal age and offspring sex
ratio. We also did not explore the possibility that
male births may be heritable in families.

CONCLUSIONS

The sex ratio at birth in south-south Nigeria is
comparable to values obtained from south-west

Nigeria but lower than that obtained from north-west
Nigeria. The birth order and maternal age influenced
the offspring sex ratio at birth.
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