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Abstract

Background: Consanguinity (when couples share at least one common ancestor) is a public health issue with a variety of distributions
and incidence rates worldwide. Several epidemiological studies have explored the association between consanguinity and low birth weight
(LBW). However, the results are inconsistent. This meta-analysis aimed to explore the overall association between consanguineous

marriage and LBW.

Methods: We searched PubMed, Web of Science, Scopus, ScienceDirect, and reference lists of articles up to May 2015. We included
cohort, case-control, and cross-sectional studies addressing the association between consanguinity and LBW. We assessed heterogeneity
using Q-test and I? statistic. We explored publication bias using the Egger’s and Begg’s tests and the funnel plot. We meta-analyzed the
data and reported the overall odds ratio (OR) and mean difference with 95% confidence intervals (Cl) using the random-effects model.

Results: We included 24 out of 3941 retrieved studies, with 44,131 participants. We indicated that LBW was associated significantly
with first-cousin marriages (OR = 1.36; 95% CI: 1.03, 1.69) and non-significantly with second-cousin marriages (OR = 1.20; 95% CI: 0.49,
1.91). Furthermore, first-cousin marriages can reduce the birth weight of siblings of consanguineous couples 144 g more compared to non-

consanguineous marriages.

Conclusions: This meta-analysis measured the association between consanguinity and LBW. Based on the current evidence,
consanguineous marriage can increase the risk for LBW. However, further evidence based on large cohort studies conducted in different
settings is required to make a robust conclusion regarding the effect of consanguinity on LBW.

Keywords: Consanguinity, low birth weight, meta-analysis

Cite this article as: Poorolajal J, Ameri P, Soltanian A, Bahrami M. Effect of consanguinity on low birth weight: A meta-analysis. Arch Iran Med. 2017; 20(3):

178 — 184.

Introduction

onsanguinity is a term used to describe the relationship

between couples who are related by blood and share at

least one common ancestor. Consanguineous marriage is
a public health issue with a variety of distributions and incidence
rates worldwide.>? For clinical purposes, consanguinity is usually
defined as the union between two people who are related as first or
second cousins. The marriage between first-cousins (third-degree
relatives) is the most common form of consanguinity worldwide.?
The frequency of consanguinity varies across the world. Although
the frequency of marriage with relatives is very low in the Western
world, consanguinity is relatively common in the Eastern world,
particularly in the Middle East, where, in some countries, they
account for over half of all marriages.'*

Epidemiological studies have shown that consanguinity is
associated with several adverse health outcomes, because it favors
the reemergence of harmful recessive alleles that run in families
and hence, increases the prevalence of rare genetic congenital
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anomalies.>® There is strong evidence showing that the offspring
of consanguineous unions may be at increased risk for perinatal
and postnatal mortality and morbidity, stillbirth, preterm labor,
childhood death, and intellectual disability.2¢-°

Low birth weight (LBW) is associated with several short- and
long-term consequences and continues to be a major global
public health problem, representing more than 20 million births
a year.® LBW is subject to several risk factors and is responsible
for fetal and neonatal mortality and morbidity, poor cognitive
development and many chronic diseases later in life.2*-14 Several
epidemiological studies have explored the association between
consanguinity and LBW. However, the results are inconsistent.
Some studies have reported a direct association between the
two,’>18 while others have reported an inverse association.!%2
To date, no meta-analysis has been conducted to explore the
relationship between consanguineous marriage and LBW. This
meta-analysis aimed to estimate the overall association between
consanguinity and LBW.

Materials and Methods

Criteria for including studies

Cohort, case-control, and cross-sectional studies addressing the
association between consanguineous marriage and LBW were
included irrespective of language, nationality, race, and religion.
The observational studies reporting the rate of LBW among
consanguineous marriages without a comparison group were
excluded.



The exposure of interest was consanguineous marriage, which
was defined as marriage between a man and a woman who are
related by blood and share at least one common ancestor, including
first or second cousins.® The primary outcome of interest was
LBW which was defined as weight at birth less than 2500 g.%°

Search methods

The search strategy was as follows: (consanguinity or
consanguineous or blood relation or cognation) and (birth weight
or LBW or underweight)

The main bibliographic databases, including PubMed, Web of
Science, Scopus, and ScienceDirect were searched up to May
2015. The reference lists of all included studies were scanned and
the corresponding authors were contacted for additional eligible
studies.

Data collection and analysis

Two authors (PA and MB) independently screened the titles
and abstracts of the retrieved studies and decided which studies
met the inclusion criteria of this meta-analysis. Disagreements
between the two authors were arbitrated by a senior author (JP).

An electronic data sheet was developed and used for data
extraction. Two authors (PAand MB) extracted data independently.
Disagreements between the two authors were arbitrated by a senior
author (JP). The following data were collected: first author’s name,
year of publication, country, age mean/range, gender of neonate,
type of consanguinity (first-cousins, second-cousins, both), study
design (cohort, case-control, cross-sectional), sample size, odds
ratio with associated 95% confidence interval (CI), and mean
birth weight and associated standard deviation (SD).

The quality of reporting of the included studies was explored
using Newcastle Ottawa Statement (NOS) Manual.?> The NOS
scale has been developed to assess the quality of non-randomized
studies in terms of design and content. This scale consists of a
set of items, allocating a maximum of nine stars to the following
domains: selection, comparability, exposure, and outcome. In this
review, studies with seven star-items or more were considered
high-quality and those with six star-items or less were considered
low-quality.

Heterogeneity was explored using Q-test® and its quantity was
measured using the |2 statistic.2* Publication bias was assessed using
the Egger’s® and Begg’s® tests and visualized by the funnel plot.

The effect of consanguinity on LBW was expressed using
odds ratio (OR) and mean difference (MD) with associated 95%
confidence interval (CI). OR is the relative odds of outcome
in the exposed group (consanguinity) versus the non-exposed
group (non-consanguinity) occurring at any given point in time.
Wherever reported, we used full adjusted forms of OR rather than
crude OR.

Since included studies came from different settings, genetic
background, and socioeconomic status, data were analyzed and
the results were reported using a random effects model.?” All
statistical analyses were performed at a significance level of 0.05
using Stata software, version 11 (StataCorp, College Station, TX,
USA).

Sensitivity analysis

We used sequential algorithm?® to achieve the minimum final I?
the desired 50% threshold. In this approach, for this meta-analysis
of 24 studies, we performed 24 new meta-analyses, where one
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study was excluded from the calculations each time. The study
that was responsible for the largest decrease in 1> was dropped
and a new set of 24—1 studies was created. When two or more
studies caused exactly the same decrease in 12 by their exclusion,
we dropped the study with the largest decrease in Q. We continued
this process until 12 decreased below the desired pre-set threshold.
In the last step, if there was a chance more than one omitted
studies could result in 12dropping below the desired threshold, we
reported the minimum I2,

Results

Description of studies

We retrieved 3941 references up to May 2015, including 3414
references through searching electronic databases, and 527
references through checking other sources, including reference
lists or personal contact with authors of the included studies. We
excluded 1057 duplicates and 2774 clearly irrelevant references
through reading titles and abstracts. Of the 110 references
considered potentially eligible after screening, 86 studies were
excluded because they did not meet the inclusion criteria, because
they assessed the relationship between LBW and consanguinity
along with other risk factors such as eclampsia and preeclampsia,
socioeconomic status, or assessed the association between
consanguinity and baby growth or perinatal events rather than
birth weight. Eventually, 24 studies were included in the meta-
analysis, consisting of 5 cohort studies,'®17212930 2 case-control
studies®®®® and 17 cross-sectional studies?152031-44 (Figure 1). All
included studies were published in English. In cases of multiple
publication, the last report was used.

The characteristics of the included studies are summarized
and listed in Table 1. The included studies involved 44,131
participants. Twelve studies reported the association between
consanguineous marriage and LBW using OR and twelve studies
reported mean difference. The quality of reporting and the risk
of bias of the included studies were explored using NOS. Based
on this scale, four studies had high quality and the remainder had
low quality.

Effect of exposure

The effect of consanguinity on LBW is shown in Figures 2.
Based on this forest plot, LBW was significantly associated with
first-cousin marriages (OR=1.36; 95% CI: 1.03, 1.69) and non-
significantly with second-cousin marriages (OR = 1.20; 95% CI:
0.49, 1.91). However, overall, consanguinity can increase the
risk of LBW (OR = 1.26; 95% CI: 1.04, 1.49). The odds ratios
reported here are on the basis of random effects model. That
means, the odds ratios reported here denote the average effect.
The true effect of consanguinity on LBW may vary from study
to study, because of the diversity in the study populations in term
of genetics, lifestyle, socioeconomic status, nutrition, and so on.

There was an extreme value (outlier) among the studies (not
shown in the forest plot). This outlier consisted of a cohort of
4498 siblings of consanguineous marriages.?* According to the
results of this study, the proportion of LBW was much lower
in consanguineous marriages compared to non-consanguineous
marriages (20.0% versus 57.3%).

The mean difference of birth weight between consanguineous
and non-consanguineous marriages is given in Figure 3. According
to the results, first-cousin marriages can reduce birth weight
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Identification
No of records identified through No of additional recodes identified
database searching (n = 3414) through other sources (n = 527)
| I
Screening *

No of records after duplicates removed (n = 2884)

Y

No of records screened (n = 2884) »| No of records excluded (n = 2774)
Eligibility v
No of full-text articles assessed for No of full-text articles excluded,
eligibility (n=110) with reasons (n = 86)
Included y

No of studies included in qualitative synthesis (n = 24)
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No of studies included in quantitative synthesis (meta-analysis) (n = 21)

Figure 1. Flow of information through the different phases of the systematic review

Table 1. Summary of studies results

1+ author, year Country Age Consanguinity* Study Estimate Sample Quality
Badshah, et al. (2008) Pakistan 26.65 Overall Cross-sectional Odds ratio 1,039 Low
Bellad, et al. (2012) India 22.55 Overall Cohort Odds ratio 601 High
Bener, et al. ( 2013) Qatar 29.59 1%, 2", Overall Case-Control Odds ratio 1,726 Low
Bener, et al. (2012) Qatar 30.46 Overall Cohort Odds ratio 1,674 Low
Bromiker, et al. (2004) Israel 18.50 Overall Cohort Odds ratio 540 High
Dawodu, et al. (1996) UAE 26.18 1¢, 2", Overall Case-Control Odds ratio 1,172 Low
Joseph, et al. (2014) India 38.80 Overall Cross-sectional Odds ratio 187 Low
Obeidat, et al. (2010 Jordan 27.20 Overall Cross-sectional Odds ratio 2,693 Low
Saedi-Wong, et al. (1989) Saudi Arabia No data 1, Overall Cross-sectional Odds ratio 4,497 Low
Wong, et al. (1990) Saudi Arabia 18-24 1, Overall Cohort Odds ratio 4,498 Low
Al-Eissa, et al. (1991) Saudi Arabia 27.27 15t 2n, Overall Cohort Odds ratio 1,056 High
Zakar, et al. (2015) Pakistan 27.07 1%, Overall Cross-sectional Odds ratio 5,724 Low
Basaran, et al. (1994) Turkey No data 1, Overall Cross-sectional Mean 2,880 Low
Honeyman, et al. (1987) Pakistan No data 1%, Overall Cross-sectional Mean 260 Low
Jaber, et al. (1997) Israel No data 1, Overall Cross-sectional Mean 1,219 Low
Khlat, et al. (1989) Lebanon No data Overall Cross-sectional Mean 936 Low
Magnus, et al. (1985) Norway No data 1, Overall Cross-sectional Mean 4,795 Low
Paddaiah, et al. (1980) India No data Overall Cross-sectional Mean 4,826 Low
Paddaiah, et al. (2001) India No data Overall Cross-sectional Mean 1,445 Low
Ramankutty, et al. (1983) Iraqi 26.36 Overall Cross-sectional Mean 1,170 High
Saiful-1slam, et al. (2009) Bangladesh No data Overall Cross-sectional Mean 150 Low
Shami, et al. (1991) Pakistan 23.10 il Cross-sectional Mean 613 Low
Sibert, et al. (1979) India No data 1, Overall Cross-sectional Mean 322 Low
Slatis, et al. (1961) United States No data Overall Cross-sectional Mean 108 Low

*1st cousins; 2™ cousins; Overall (both 1 and 2" cousins)
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Study
1D

1st Cousins

Al-Eissa 1991

Bener 2013

Dawodu 1996

Saedi-Wong 1989

Zakar 2015

Subtotal (l-squared =64.3%, p = 0.024)

2nd Cousins

Al-Eissa 1991

Bener 2013

Dawodu 1996

Subtotal (I-squared = 86.6%, p = 0.001)

Overal

Bener 2012
Al-Eissa 1991
Badshah 2008
Bellad 2012
Bener 2013
Bromiker 2004
Dawodu 1996
Joseph 2014
Obeidat 2010
Saedi-Wong 1989
Zakar 2015
Subtotal (l-squared = 68.1%, p = 0.001)

NOTE: Weights are from random effects analysis

*Tmiu o
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Odds
Ratio (95% ClI)

1.80 (1.20, 2.80)
1.90 (1.50, 2.50)
1.24 (0.81, 1.90)
0.95 (0.67, 1.35)
1.26 (1.03, 1.55)
1.36 (1.03, 1.69)

1.20 (0.80, 1.90)
1.80 (1.40, 2.40)
0.66 (0.42, 1.04)
1.20 (0.49, 1.91)

1.60 (1.10, 2.30)
1.39 (0.94, 1.85)
2.39 (1.39, 4.12)
1.60 (1.01, 2.52)
1.70 (1.40, 2.00)
1.10 (0.63, 1.91)
0.80 (0.53, 1.07)
2.18 (0.62, 6.71)
1.10 (0.90, 1.40)
0.90 (0.66, 1.20)
1.26 (1.03, 1.55)
1.26 (1.04, 1.49)

%
Weight

11.22
18.89
17.45
24.70
27.74
100.00

344
32.48
36.11
100.00

7.61
9.89
2.34
5.82
12.77
7.08
13.35
0.63
13.72
13.34
13.53
100.00
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%
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Figure 2. Forest plot of the association between consanguinity and low birth weight using odds ratio

Study Weighted Mean %
1D Difference (95% CI) Weight
1st Cousins
Basaran 1994 * -177.00 (-178.73,-175.27) 35.20
Honeyman 1987 - -80.00 (-224.60, 64 .60) 8.55
Jaber 1997 —_——— -211.00 (-289.91, -132.09) 18.26
Magnus 1985 —— -114.00 (-152.74, -75.26)  28.77
Sibert 1979 —— -39.70 (-177.08, 97.69) 9.23
Subtotal (l-squared = 75.6%, p = 0.003) O -144.12 (-182.70, -95.54) 100.00
Overal
Basaran 1994 * -62.00 (-63.78, -60.22) 17.62
Honeyman 1987 - -75.28 (-210.55, 59.99) 262
Jaber 1997 —_— -180.17 (-250.54, -109.80) 6.90
Khiat 1989 —_— -46.16 (-128.53, 36.21) 564
Magnus 1985 e -114.00 (-152.74, -75.26)  11.99
Paddaiah 1980 —— -60.00 (-84.64, -35.36) 14.81
Paddaiah 2001 —_— -10.16 (-53.09, 32.77) 1.7
Ramankutty 1983 —_— -130.00 (-177.01, -82.99) 10.41
Sibert 1979 —_— -102.80 (-197.76, -7.84) 4.61
Slatis 1961 —— -104.89 (-132.46, -77.32) 14.24
Subtotal (l-squared = 78.3%, p = 0.000) 0 -84.83 (-108.53, -61.12) 100.00
NOTE: Weights are from random effects analysis
I T T T T T T
-400 -300 -200 -100 0 100 200 300

Figure 3. Forest plot of the association between consanguinity and low birth weight using mean difference
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more than 144 g compared to non-consanguineous marriages, on
average. However, the mount of birth weight reduction may vary
across different populations.

There were two extreme values (outliers) among the studies
(not shown in the forest plot). The first outlier*®* was a cross-
sectional study consisting of 150 infants. This study indicated that
consanguineous marriages can reduce birth weight by 1060 g.
The second outlier** was a cross-sectional study consisting of 613
infants. This study reported that consanguinity can reduce birth
weight by 504 g.

Heterogeneity and publication bias

The presence of heterogeneity was explored using Q-test and
the quantity of heterogeneity was measured using the 12 statistic
(Figure 2). The results showed moderate heterogeneity (12 =
64.3%, P = 0.024) among studies addressing the association
between first-cousin marriages and LBW and severe heterogeneity
(12=86.6%, P = 0.001) among studies addressing the association
between second-cousin marriages and LBW. The results of the
heterogeneity test were also significant for the overall association
between heterogeneous marriage and LBW (1> = 68.1%, P =
0.001).

We explored the possibility of publication bias using Begg’s and
Egger’s statistical tests and visualized by the funnel plot (Figure 4).
The results of Begg’s and Egger’s tests indicated no evidence
of publication bias among the studies reflecting the association
between consanguinity and LBW (P = 0.194 and P = 0.240,
respectively). The funnel plot confirmed these findings. Figure
4 shows that studies are scattered nearly symmetrically on both
sides of the horizontal line reflecting no evidence of publication
bias among the included studies.

Subgroup analysis
We performed subgroup analysis based on study type and the
quality of the included studies. Only one cohort study®° separately

Effect of Consanguinity on Low Birth Weight

reported the association between LBW and first-cousin marriages
(OR = 1.80; 95% CI: 1.20, 2.80) and second-cousin marriages
(OR = 1.20; 95% ClI: 0.65, 1.75). Based on case-control studies,
the association between LBW and first-cousin marriages was
1.58 (95% CI: 0.93, 2.23) and second-cousin marriages was 1.21
(95% CI: 0.10, 2.33). According to the cross-sectional studies,
the association between LBW and first-cousin marriages was
1.13 (95% CI: 0.82, 1.43). No cross-sectional study reported the
association between LBW and second-cousin marriages.

Since the number of high-quality studies was limited, subgroup
analysis based on high-quality studies was performed only for
first-cousin marriages (OR = 1.69; 95% CI: 1.02, 1.69). According
to the low-quality studies, the association between LBW and
first-cousin marriages was 1.31 (95% CI: 0.96, 1.65), and that of
second-cousin marriages was 1.21 (95% CI: 0.10, 2.33).

Sensitivity analysis

There was evidence of moderate to high heterogeneity
among studies addressing the association between LBW and
consanguinity; thus, we performed sensitivity analysis based on
the sequential algorithm to achieve between-study homogeneity.
We achieved the minimum desired 12 threshold (50%) by omitting
two studies'”? from the meta-analysis addressing the association
between LBW and first-cousin marriages (OR = 1.20; 95% CI:
0.95, 1.46; 12=32.7%) and the overall association between LBW
and consanguinity (OR = 1.17; 95% CI: 0.97, 1.36; 1>=50.3%).

Discussion

We assessed the association between consanguinity and LBW
not only by summarizing the odds ratio estimates reported
by the epidemiological studies, but also by summarizing the
mean difference of birth weight. Both methods indicated that
consanguineous marriage can increase the risk of LBW. The
severity of LBW was greater in the offspring of first-cousin

Begg's funnel plot with pseudo 95% confidence limits

-

log[Odds Ratio]

(=]

0 2

4
s.e. of: log[Odds Ratio]

Figure 4. Funnel plot of included studies addressing the association between consanguinity and low birth weight
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marriages than those of second-cousin marriages. Indeed,
there is an apparent exposure-response relationship between
consanguinity and LBW. As the blood relation between parents
become closer, the risk of LBW also increases. When, an
exposure-response relationship is present, it is strong evidence for
a causal relationship.®

Marriage between close relatives is discouraged or may even
be illegal in many countries such as North America, while, in
some countries, particularly in the Middle East, Asia, and Africa,
the people prefer to marry with relatives.® It is estimated that
20% to 60% of all marriages in some cultures are between close
biological relatives.*’

The statistical tests inspecting heterogeneity (Q-test and I2
statistic) indicated evidence of heterogeneity between included
studies. However, these statistical tests should be interpreted with
caution. When the sample size of the studies is small or the number
of studies is limited, the Q-test has low statistical power. On the
other hand, when the sample size or the number of the included
studies is large, the test has high power in detecting a small amount
of heterogeneity that may be clinically unimportant.?® Therefore,
a part of observed heterogeneity can be attributed to the number
of studies (21 studies) included in the meta-analysis and the large
sample size (involving 44,131 participants). However, another
part of observed heterogeneity can be attributed to the variation in
population sizes, sociodemographic characteristics, study design,
and potential confounding factors.

The results of the study conducted by Wong, et al.* were
inconsistent with the results of other studies included in the meta-
analysis. According to the results of that study, the probability of
LBW among siblings of consanguineous marriages was reported
much lower than that of non-consanguineous marriages. This
estimate was made based on a limited number of participants
(43 non-consanguineous marriages versus 15 consanguineous
marriages). The main reason to explain this inconsistency may
be the small sample size and hence possibility of random error.
Another study conducted by Saiful Islam, et al.** was considered
an outlier because the mean difference of birth weight reported
by this study was much higher than the results reported by
similar studies. They randomly selected 150 clinical patients (40
consanguineous and 110 non-consanguineous cases) referred
to 10 hospitals and clinics due to birth-related abnormalities.
The possibility of random error due to small sample size and
the congenital abnormality of the patients may explain why
the results of this study overestimated the mean difference
of birth weight among siblings of consanguineous and non-
consanguineous couples. Another study, which was considered an
outlier, was conducted by Shami, et al.** on 613 singleton live
births within 24 hours of birth. The sample size was large enough;
hence, the possibility of random error was low. The sample was
selected from pregnant women who referred to the local hospital
for normal delivery. Therefore, no special reason was found to
explain why the result of this study was different from those of
similar studies. However, sociodemographic characteristics and
potential unknown confounding factors may be the reason.

The variability in study design, small sample sizes, poor quality,
and not controlling potential confounding factors were the main
limitations and potential biases of the studies included in this
met-analysis. Furthermore, we found five studies, which seemed
potentially eligible to be included in the meta-analysis. However,
we excluded them because we did not have access to their full
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text. This may raise the possibility of selection bias. Despite the
above limitations, this meta-analysis could efficiently estimate
the effect of consanguineous marriage on LBW using both the
odds ratio estimates and the mean difference of the birth weights.
We screened 3941 retrieved references and included 24 eligible
studies in the meta-analysis involving 44,131 participants;
however, the evidence does not seem sufficient to make a robust
conclusion regarding the objective of the study for estimating the
association between consanguinity and LBW.

In conclusion, this meta-analysis measured the association
between consanguinity and LBW. Based on current evidence,
consanguineous marriage can increase the risk for LBW.
However, further large cohort studies are required to be conducted
in different settings to make a robust conclusion regarding the
effect of consanguinity on LBW.
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