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Background: The aim of our study was to understand the 
relationship between consanguineous marriages and repro-
ductive outcomes.
Methods: A total of 999 families were recruited from five 
Muslim populations of Jammu region. Family pedigrees were 
drawn to access the family history and inbreeding status in 
terms of coefficient of inbreeding (F). Fertility, mortality, sec-
ondary sex ratio, selection intensity, and lethal equivalents 
were measured using standard methods.
results: The significant differences for gross fertility was 
found to be higher among inbred groups as compared to the 
unrelated families (P < 0.05) and higher mortality rates were 
observed among consanguineous families of all populations 
in comparison with the non-consanguineous family groups. 
Moreover, the prenatal and postnatal child mortality rates (i.e., 
U5MR and U18MR) have presented a persuasive increase with 
an upsurge in the homozygosity level. The mortality rate was 
found to be maximum among families with the highest value 
of coefficient of inbreeding (F). The selection intensity (SI) also 
showed inflations among families with respect to their increas-
ing inbreeding coefficients. The greater values of lethal equiva-
lents per gamete (LEs/gamete) were observed for autosomal 
inheritance in comparison with sex-linked inheritance.
conclusion: Our conclusive assessment brings out the del-
eterious consequence of consanguineous marriages on repro-
ductive outcomes.

reproductive health or reproductive behavior refers to the 
diseases, disorders, and conditions related to the function-

ing of reproductive system (male or female) during all stages 
of life. The reproductive health problems among populations 
may also arise due to inequalities in the health related ser-
vices and or schemes. Various factors such as consanguinity, 
socioeconomic status (SES), education level, employment, 
age, ethnicity, region, religion, and available resources affect 
the appropriate health services. The inadequacy of appropriate 

health services has been found to be more frequent among low 
socioeconomic and uneducated families (1).

Consanguineous marriages have been practised for thou-
sands of years in many communities throughout the world. 
The prevalence of consanguinity varies among different coun-
tries, usually associated with different demographic features, 
such as religion, education, SES, geography and size of the 
area, isolation of the population, and living in rural or urban 
set up (2). Parental consanguinity has been associated with 
stillbirths, low birth weight, preterm delivery, abortion, infant 
and child mortality, congenital birth defects, cognitive impair-
ments, cardiovascular risks, malformations, and several other 
complex disorders (3–10).

According to the United Nation (UN) estimates, more than 
2.35 million children had died in India during 2005, which 
may account for more than 20% of all under-5 deaths world-
wide (11). The large disparities in child mortality and sex 
ratio in diverse regions of India has been reported previously 
(12). Fertility decline is also a major health issue, which has 
been strongly associated with socioeconomic conditions in 
most of the Asian and African countries (13). The fertility 
rates desperately vary across different states of India with an 
increase in the middle region, whereas low fertility rates have 
been reported in Southern and Northern most regions (14). 
Empirical research has been involved in explicating our focus 
toward the determinants of low fertility in contemporary 
India (15). Familial and sociodemographic characteristics 
such as early marriage, lesser birth intervals, domestic vio-
lence, gender preference, low spousal communication or poor 
marital relationship, and lack of decision-making regard-
ing reproductive health choices also found to affect women’s 
reproductive health (16).

Differential fertility and mortality patterns among human 
populations are known to be the driving key factors of natural 
selection. The determination of complete profile of reproduc-
tive fitness provides the opportunity to quantify the influence 
of selection processes in human evolutionary genetics.
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RESULTS
Effect of Inbreeding and Sociodemographic Factors on 
Reproductive Behavior
The characteristics of gross fertility among inbred and non-
inbred families has been presented in Supplementary Table 
S1 online. The gross fertility for male offspring was found to 
be higher among inbred groups as compared to non-inbred 
groups (P < 0.05). The inbreeding did not reveal any symbolic 
difference on live born female offspring. The gross fertility rates 
were found to lower among non-inbred mothers, i.e., below-45 
(3.18 ± 0.07) and above-45 (4.92 ± 0.09) as compared to inbred 
families, i.e., below-45 (3.83 ± 0.08) and above-45 (5.66 ± 0.12) 
groups and the difference was found to be statistically signifi-
cant (P < 0.05). Other sociodemographic factors such as resi-
dence, SES, population/ethnicity did not show any significant 
difference. The mothers above-45 y of age have higher gross 
fertility as compared to those who did not reach the meno-
pause stage (i.e., < 45 y aged mothers).

Figure 1 presents the difference in under-5 and under-18 mor-
tality rates (U5MR and U18MR) among inbred and non-inbred 
families. The male child mortality rates were found to be very 
high among inbred families as compared to non-inbred groups 
for all different categories (P < 0.05). The U5MR for female off-
spring did not show any significant difference between inbred 
and non-inbred groups; however, U18MR for female offspring 
presented somehow higher mean values among inbred groups 
than that of non-inbred groups of all different categories. The 
U18MR of inbred groups have displayed higher mortality rates 
for both male and female children as compared to non-inbred 
groups (P < 0.05). Moreover, male child mortality was found 
to be maximally increased among inbred families of all dif-
ferent backgrounds. These observations provide the evidence 
of cogent repercussion on child mortality due to inbreeding, 
whereas, sociodemographic factors behold negligible influence.

Figure 2 presents bar graph depicting the influence of 
inbreeding and other nongenetic factors on secondary sex 
ratio (SSR). We observed a significant increase in SSR among 
inbred groups as compared to the non-inbred groups for all 
different factors, depicting a persuasive effect of inbreeding on 
SSR, irrespective of the socioeconomic and sociodemographic 
factors. Greater values of selection intensities were observed 
among inbred groups than in non-inbred subjects for all differ-
ent factors (Supplementary Table S2 online). Moreover, the SI 
values for male offspring were found to be higher in compari-
son with female groups. Overall, inbreeding presents a strong 
effect on SI than socioeconomic or sociodemographic factors.

Reproductive Behavior With Respect to Coefficient of Inbreeding
The logistic regression analysis for different mortality groups 
(miscarriages, U5MR and U18MR) revealed the greater values of 
odds ratio (OR) and 95% confidence interval (CI) with increas-
ing levels of inbreeding (Table 1). Second cousin and first cousin 
once removed groups have presented nonsignificant (P > 0.05) 
increment in odds ratio for all different mortality groups with 
an exception for first cousin once removed, having significant 
impact over miscarriages (OR: 2.919, 95% CI: 1.212, 7.033, P = 

0.030). However, the first cousin (miscarriages, OR: 3.142, 95% 
CI: 2.102, 4.698, P < 0.0001; U5MR, OR: 1.478, 95% CI: 1.168, 
1.871, P = 0.0014; U18MR, OR: 1.282, 95% CI: 1.062, 1.548,  
P = 0.011) and double first cousin (miscarriages, OR: 5.948, 95% 
CI: 3.639, 9.724, P < 0.0001; U5MR, OR: 2.059, 95% CI: 1.453, 
2.918, P < 0.0001; U18MR, OR: 2.011, 95% CI: 1.618, 2.665,  
P < 0.0001) groups with greater homozygosity levels showed 
many fold risks for prenatal and postnatal child mortality.

The child mortality rate in proportion to different degrees 
of inbreeding has been shown in Figure 3. The percent 
U5MR (Figure 3a) and U18MR (Figure 3b) tend to increase 
greatly among the groups with upsurge in the coefficient of 
inbreeding. The highest mortality rate was observed among 
the group having greater inbreeding coefficients (i.e., double 
first cousin, F = 0.125). The average child death per mother 
have markedly increased with respect to the increasing lev-
els of inbreeding coefficients. In both the U5MR (Figure 3c) 
and U18MR (Figure 3d) groups, the highest average mortal-
ity was observed in case of double first cousin group (i.e., F = 
0.125) and the least was observed for non-inbred group (i.e., 
F = 0.00). In short, inbreeding exhibit a detrimental impact 
over child mortality, with more serious risks associated with 
the increased homozygosity levels.

The pattern of gross fertility, SSR and SI with increasing values 
of coefficient of inbreeding has been displayed in Figure 4. The 
gross fertility was found to be systematically increased with the rise 
in the values of inbreeding coefficients (Figure 4a). These results 
provide an evidence for the wholesome effect of inbreeding on 
human fertility. The SSR increased maximally up to a level inbreed-
ing coefficient group (i.e., the first cousin, F = 0.0625), however, 
further increase in the coefficient of inbreeding (i.e., the double 
first cousin, F = 0.125) has led to the decline in SSR (Figure 4b).  
These findings suggest that the beneficial role of inbreeding is 
up to certain limits and beyond that the consequences may not 
be the favorable ones. The Crow’s index (i.e., SI values) showed 
inflations with increase in the degrees of inbreeding (Figure 4c). 
The SI followed the trend: double first cousin group (0.3198) > 
first cousin (0.2049) > first cousin once removed (0.1712) > sec-
ond cousin (0.1624) > non-inbred (0.161).

Genetic Load due to Inbreeding
Table 2 presents the autosomal and sex-linked (X-linked) 
genetic loads in terms of lethal equivalents per gamete (LEs/
gamete) among different inbred categories. For each of the 
inbreeding category, greater values of LEs/gamete were 
observed for autosomal inheritance in comparison with 
X-linked ones. The estimates of genetic load (B/A ratio) due 
to inbreeding has been shown in Table 3. The second cousin 
group, being lower in the category in terms of inbreeding 
coefficient, has presented a negative value (-2.89). The first 
cousin (3.46) and double first cousin (5.95) showed persua-
sive increase in genetic load in proportion to the increasing 
inbreeding coefficients. However, first cousin once removed 
showed the highest value (10.62) than expected one, which 
might be due to the problem of lower sample size in that group 
because of infrequent marriage type than other matings.
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DISCUSSION
In 2013, 6.3 million children died before reaching their fifth 
birthday; of which 99% of the deaths occurred in low- and 
middle-income countries. If the present global mortality 
rate continues, the estimate of U5MR will be approximately 

4.4 million by 2030 (17). African countries show the highest 
mortality rate followed by Asian, South American, European, 
North American and Australian countries (18). In India, 40–79  
deaths per 1,000 children has been reported due to different 
factors, nevertheless our study (i.e., from Jammu and Kashmir, 

Figure 1. Effect of inbreeding and sociodemographic factors on child mortality. The bar graph presents (a) U5MR and (b) U18MR of male (□); female ( ); 
and combined (■) groups among inbred and non-inbred families for different factors. The death rate (shown in percentage) is much prominent in U18MR 
as compared to that of U5MR group. In both, U5MR and U18MR groups, inbred families exhibit high child mortality rates than the unrelated ones for all 
different factors. aP < 0.05 vs. non-inbred (male); bP < 0.05 vs. non-inbred (female); cP < 0.05 vs. non-inbred (combined) using ANOVA tests. U5MR, under-5 
mortality rate; U18MR, under-18 mortality rate; SES, socioeconomic status; P1, Gujjar and Bakarwal; P2, Mughal; P3, Malik; P4, Syed; P5, Khan.

Percentage mortality (%)

a b

20 Pediatric RESEARCh      Volume 81  |  Number 1  |  January 2017



Copyright © 2017 International Pediatric Research Foundation, Inc.

Consanguinity and reproductive behavior         Articles

Figure 2. Effect of inbreeding on secondary sex ratio. The graph shows SSR differences in (a) residence, (b) socioeconomic status and (c) population 
for inbred (□) and non-inbred (■) families. The results show a significant increase in the SSR (number of males/100 females at birth) among inbred as 
 compared to non-inbred groups for all different factors. *P < 0.01 vs. non-inbred (using chi-square test). P1, Gujjar and Bakarwal; P2, Mughal; P3, Malik;  
P4, Syed; P5, Khan; SSR, secondary sex ratio.

a b c
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* *
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table 1. Logistic regression analysis comparing child mortality rates with different categories of inbreeding

Inbreeding category F

Miscarriages U5MR U18MR

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Second cousin 0.0156 2.080 0.868, 4.985 0.166 1.259 0.735, 2.155 0.488 1.483 0.996, 2.207 0.065

First cousin once removed 0.03125 2.919 1.212, 7.033 0.030 0.958 0.477, 1.922 0.905 1.058 0.633, 1.769 0.933

First cousin 0.0625 3.142 2.102, 4.698 < 0.0001 1.478 1.168, 1.871 0.0014 1.282 1.062, 1.548 0.011

Double first cousin 0.125 5.948 3.639, 9.724 < 0.0001 2.059 1.453, 2.918 < 0.0001 2.011 1.618, 2.665 < 0.0001

F, coefficient of inbreeding; OR, Odds ratio; CI, Confidence interval (Lower bound, Upper bound). The odds ratio for inbred categories obtained using non-inbred as a control group for 
each mortality category.

Figure 3. Child mortality with respect to the degree of inbreeding. The (a) U5MR and (b) U18MR groups showing percentage mortality rate and (c) U5MR 
and (d) U18MR presenting average mortality per mother in proportion to the coefficient of inbreeding. The percentage mortality and average death per 
mother for under-5 and under-18 y groups shows inflations with the increasing inbreeding coefficients. *P < 0.05 vs. non-inbred (i.e., F = 0.00); **P < 0.001 
vs. non-inbred (F = 0.00) using ANOVA test. U5MR, under-5 mortality rate; U18MR, under-18 mortality rate; F, inbreeding coefficient.

a c

b d
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Northern India) provides a comprehensive report for the 
first time on the fertility and mortality patterns in relation to 
inbreeding and sociodemographic factors.

In our study, the sociodemographic factors such as residence, 
SES, population, and ethnicity seems to be insignificant, reveal-
ing the fact that different populations are confined to the same 
geographical, socio-cultural and environmental constraints. 
Our findings depict a persuasive influence of inbreeding on 
gross fertility with elevated levels of fertility being observed 

among inbred groups as compared to the non-inbred families. 
Importantly, the increment in gross fertility rate was mainly 
due to male offspring as compared to female child births. This 
can explain the phenomenon of sex-based selection on fertility 
due to genetic component (i.e., inbreeding), which still remains 
a question that needs to be investigated further. Increased fer-
tility among inbred (consanguineous) families has also been 
reported by other researchers (19–21). This increased fertility 

Figure 4. Reproductive behavior with respect to increasing level of homozygosity. Line graph presents the (a) gross fertility, (b) secondary sex ratio, and 
(c) selection intensity patterns in proportion to the coefficient of inbreeding. The gross fertility shows upturn with increase in the coefficient of inbreed-
ing (from non-inbred to double first cousin). The SSR markedly increases up to a level with increase in the coefficient of inbreeding (i.e., the first cousin, F 
= 0.0625), however, further increase in inbreeding coefficient (i.e., the double first cousin, F = 0.125) leads to decline in SSR values. The selection intensity 
trend in each category also present inflations in proportion to the degree of inbreeding (i.e., coefficient of inbreeding). *P < 0.05 vs. non-inbred (i.e., F = 
0.00) using student’s t-test. †P < 0.001 vs. non-inbred (i.e., F = 0.00) using chi-square test. SSR, secondary sex ratio; F, inbreeding coefficient.

a

b

c

table 2. Genetic load (LEs/gamete) due to inbreeding

Inbreeding type

Autosomal X-linked

F
LEs/

gamete F
LEs/

gamete

Second cousin 0.0156 0.8013 0.04779 0.68842

First cousin once removed 0.03125 2.2048 0.05769 0.56335

First cousin 0.0625 0.5984 0.06624 0.10114

Double first cousin 0.125 1.0648 0.1674 0.24133

Total 0.0656225a 0.78479 0.079998a 0.167504
aRepresenting the average coefficient of inbreeding (α), F = Coefficient of inbreeding, 
LEs = Lethal equivalents.

table 3. Estimates of genetic load (B/A ratio) due to inbreeding

Inbreeding types
Coefficient of 
inbreeding (F)

Genetic load estimates

A B B/A

Non-inbred 0.00 0.147689

Inbred

Second cousin 0.0156 -0.42692 -2.89

First cousin once removed 0.03125 1.56902 10.62

First cousin 0.0625 0.51232 3.46

Double first cousin 0.125 0.87983 5.95

Pooled (Total inbred) 0.0671a 0.63779 4.32
aRepresenting the average coefficient of inbreeding (α). The value of “A” is same for all 
inbred categories.
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is usually a consequence of reproductive compensation due to 
high mortality among inbred families (22,23).

Many epidemiological studies support the relationship 
between inbreeding and increased child mortality (6,24–27). 
Our study presents the elevated levels of child mortality 
(U5MR and U18MR) among inbred groups of all the popu-
lations in comparison with non-inbred groups. Moreover, the 
frequency of male child mortality was found to be much higher 
among inbred families. We have found inflations in postnatal 
mortality in proportion to the increasing degrees of inbreed-
ing. The highest mortality rate was found among double first 
cousin group, with male child mortality being more predomi-
nant among inbred families. However, sex-specific mortality 
and precise lethal genes still need to be explored.

The downturn of SSR is also a major health burden, asso-
ciated with genetic or socioeconomic factors. Several stud-
ies have pointed out different factors influencing sex ratio 
among humans such as higher male child mortality, maternal 
education, economic and political disruption, malnutrition, 
 hormonal imbalance, and regional or geographical dispari-
ties. A few studies on SSR in relation to inbreeding have been 
made in the recent past (28). Our results provide a persuasive 
effect of inbreeding on SSR, irrespective of socioeconomic and 
sociodemographic factors. More interestingly, the SSR upsurge 
was observed from non-inbred group to the first cousin group, 
afterwards the trend declined for double first cousins. We also 
observed a cogent effect of inbreeding on Crow’s index (i.e., SI). 
The SI values found to escalate and expand with the rise in the 
coefficient of inbreeding and the maximum value was noticed 
for the highest degree of inbreeding. The highest SI value was 
observed for double first cousin group (0.3198), whereas SI val-
ues for all other groups ranged between non-inbred (0.161) and 
first cousin (0.2049) group. However, these values are consid-
ered as low (29), indicating that the mutation has a low chance 
of being eliminated through natural selection. As defined by 
Crow, the index of total selection intensity approaches zero, 
there will be fewer changes in the genetic makeup of a popu-
lation. A previous study from Uttar Pradesh, North India, has 
reported lower selection intensities among populations of con-
sanguineous groups in comparison with the nonconsanguin-
eous ones (30). However, we did not find any detailed study 
equating selection intensity with different degrees of inbreed-
ing. Thus, our approach adds strength to this study in exploring 
the interaction of natural selection and inbreeding.

The estimated genetic load in terms of lethal equivalents per 
gamete (LEs/gamete) for autosomal and sex-linked (X-linked) 
alleles represent intriguing findings. In each of the inbreeding 
category, greater values of LEs/gamete were observed for auto-
somal inheritance in comparison with X-linked ones, confirm-
ing the fact that homozygosity of autosomal recessive genes has 
a deleterious consequence leading to high genetic load. One of 
the most recent studies based on autozygosity mapping and 
whole-exome sequencing has identified the role of embryoni-
cally lethal genes in consanguineous families (31).

Based on the current findings, increased mortality among 
inbred group shows a longitudinal impact over selection 

intensity and genetic load. The inflations in the fertility, SSR 
and SI among inbred groups is directly proportional to their 
mortality rates, which somehow explain the strong effect of 
natural selection, trying to restore the reproductive loss due 
to increased mortality. Despite having some influence of resi-
dence, culture, literacy and social/or economical stress on 
reproductive health, the genetic factor (i.e., inbreeding/consan-
guinity) holds the most preeminent effect. The social impacts 
may result into malnutrition, low health status and disease risk 
in some communities/or individuals who are socioeconomi-
cally weak. However, irrespective of socioeconomic back-
grounds, inbreeding acts directly on human genome to expose 
the disease susceptible genes or/ even expression of lethal 
genes causing greater impact on human health and disease.

Conclusion
Our study provides the substantial effect of inbreeding on 
reproductive performance in comparison with nongenetic 
 factors. The miscarriages, under-5 and under-18 child mor-
tality rates display maximum frequency with respect to the 
increasing degree of inbreeding. The increase in the SSR and SI 
was much pronounced among inbred families in comparison 
with non-inbred group and greater values of lethal equivalents 
for autosomal inheritance in comparison with X-linked was 
also observed, thereby, establishing the evidence of homozy-
gosity of autosomal recessive genes to cause a deleterious effect, 
leading to the increased child mortality. Furthermore, the role 
of sex and specific lethal genes in child mortality still needs to 
be investigated, which may be attempted in near future.

Our study provides a direct roadmap for health care provid-
ers and health policy makers to make people aware of harm-
ful consequences of consanguinity. Such a rich evidence-based 
guidelines regarding inbreeding pursuance would better help 
families for premarital counseling.

METHODS
Ethical Approval
The study was approved by the Institutional Ethics Committee 
of Jawaharlal Nehru Medical College (JNMC), Aligarh Muslim 
University, India. The informed written consent from the participants 
was also obtained that were involved in our study.

Parental Background
The parental background characteristics were assessed in two dimen-
sions: residence (rural or urban) and SES (low, medium, and high) 
and the Indian adapted version of SES scale was used (8). The parental 
SES was based on three main domains: education, occupation and 
household income. The SES was assessed for both parents (i.e., mother 
and father) and mean score was considered for complete parental SES. 
On the basis of scores, we categorised SES into three classes: “26–29” 
as high, “11–25” as medium and “<10” as low. All information was 
recorded in a standardised questionnaire.

Population and Study Design
The Muslim populations were selected in our survey from Rajouri 
and Poonch Districts of Jammu and Kashmir, India. The incidence 
of consanguineous marriages ranged from 35 to 50% among these 
populations (7,8). In order to select the subjects, a preliminary visit 
to the areas was made and it was found that more than 75% (approxi-
mately) of population lives in villages that might be due to the topo-
graphical feature of the area (i.e., hilly region). We also observed the 
cultural beliefs related with marriages among different populations. 
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The structure of caste and tribes were very rigid, favoring marriages 
among close relatives, which in turn increases the homozygosity level 
due to inbreeding.

The study was conducted during April 2014 through January 2015 
and a total of 999 families were recruited from five Muslim popula-
tions viz., Gujjar and Bakarwal (n = 274), Mughal (n = 223), Malik (n = 
185), Syed (n = 121), and Khan (n = 196). Figure 5 depicts the sample 
size and steps involved in the recruitment process of study design. 
Care was taken to choose only those mothers who were not deserted or 
widowed, did not practice polygamy, did not use any family planning 
device and maintained a normal health during their reproductive life.

Pedigree Analysis
Genealogical information (i.e., pedigree analysis) up to five genera-
tions back (volunteered by the subjects) helped in ascertaining the 
consanguinity pattern of their marriage that helped in determining 
the child’s inbreeding status. The information provided by the sub-
jects was cross checked by seeking help from elder members of the 
family. In case of ambiguity, such data was omitted.

Wright’s path relationship method was used for calculating the 
coefficient of inbreeding (F) for different mating types in the order: 
double first cousin (F = 0.125) > first cousin (F = 0.0625) > first 
cousin once removed (F = 0.03125) > second cousin (F = 0.0156). 

In nonconsanguineous families, the coefficient of inbreeding corre-
sponds to zero (F = 0.000) (32).

Measures and Procedures
i. Fertility: Fertility (live born per mother) was determined for 

children of both male and female sexes separately and cumula-
tively as well. The gross fertility is defined as the average num-
ber of offspring born live per mother. For mothers above-45 
y of age (i.e., who have completed their reproductive life) the 
gross fertility may be termed as total fertility rate (TFR). Cases 
with contraceptive histories and medical termination of preg-
nancy (MTP) were excluded.

ii. Mortality: The mortality rate of the offspring was analyzed 
under two main groups: under-5 mortality rate (U5MR) and 
under-18 mortality rate (U18MR). The miscarriages (n = 147) 
among different groups were observed as, non-inbred (n = 39), 
second cousin (n = 06), first cousin once removed (n = 06), 
first cousin (n = 66) double first cousin (n = 30). The accidental 
deaths and after the reproductive age, (i.e., above-18 y of age) 
were excluded. For calculating the selection intensity, U18MR 
was used.

iii. Secondary sex ratio: The secondary sex ratio is the ratio of males 
to females at birth in a population. The sex of the children born 

Figure 5. Study design. Flowchart depicting the steps involved in recruitment process.

1176 families of five different Muslim populations from rural
and urban areas were screened and divided into two groups on
the basis of mothers age i.e., below 45 (25–45 years) and above
45 (46–65 years)

177 excluded failing the criteria of their
reproductive life:

Mothers actually fulfilled the
reproductive criteria (n = 999)

Children born live (n = 4199)

Total number of deaths (n = 969)

171 excluded:

Deserted or widowed (n = 53)

Non-inbred (n = 587)
Inbred (n = 412)

Non-inbred (n = 2297)
Inbred (n = 1902)

Non-inbred (n = 498)

Accidental deaths (n = 48)
Death after reaching the reproductive age, i.e.,
above-18 years of age (n = 123)

Inbred (n = 471)

Miscarriages (n = 147)
Non-inbred (n = 39)
Inbred (n = 108)

Under-5 mortality (n = 380)
Non-inbred (n = 172)
Inbred (n = 208)

Under-18 mortality (n = 651)
Non-inbred (n = 315)
Inbred (n = 336)

Total deaths considered for the
data assessment (n = 798)

Non-inbred (n = 354)
Inbred (n = 444)

Entered into polygamy (n = 32)
Family planning (n = 47)
Abnormal health during reproductive life (n = 45)

Step I
Selection of mothers

Step II
Selection of children (deaths)
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alive or dead was noted and the number of boys per hundred 
girls born was then calculated.

iv. Selection Intensity (SI): Natural selection is one of the basic 
mechanisms of evolution, eliminating lethal mutations from 
affected populations. Crow (29) showed that the effective-
ness of natural selection in a population can be measured 
using estimates of differential fertility and differential child 
mortality. The proposed index of total selection intensity 
is also known as the index of opportunity for selection. If 
the index of total selection intensity approaches zero, there 
will be fewer changes in the genetic makeup of a population. 
Crow’s index has been widely used for quantitative estima-
tion of relative biological fitness of small human popula-
tions. The index of selection intensity was calculated using 
formula as follows.
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Here, “I” is the index of total selection, “Im” is the index of selection 
due to mortality, ‘If ’ is the index of selection due to fertility, X  is the 
mean number of live births per woman until her attaining the age of 
45 y and above, i.e., at menopause, “Vf” is the variance in the number 
of live births due to fertility and “Pd” is the death before reaching the 
age of 18 y.

v. Inbreeding load: The “inbreeding load” is defined as the rate 
at which fitness declines with increased inbreeding coefficient 
(which determines the proportion of homozygous loci in the 
genome). Several approaches have been used to quantify the 
inbreeding depression or inbreeding load. Lethal-equivalent 
are the alleles likely to contribute to the recorded rates of fetal 
or infant mortality in the cohort when offspring inherit these 
variants in a homozygous state. The genetic load in terms of 
lethal equivalents (LEs) per gamete for autosomal and sex-
linked inheritance in different inbred categories was deter-
mined using the formula (33):

LEs gamete  = Mean difference in % mortality (Non-inbred I/ − nnbred)
Inbreeding coefficient

/100 (2)

Crow and Kimura (34) method for determining the inbreeding coef-
ficient (F) for sex-linked genes was used in our study. The estimates 
of genetic load due to inbreeding (B/A ratio) was calculated from “A” 
and “B” values, as follows:
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where, S1 and S2 represent the ratio of children surviving for non-
inbred and inbred categories respectively. “A” and “B” represent the 
death ratio in non-inbred and inbred groups respectively.

Statistical Analysis
Statistical analysis was conducted using SPSS software 17.0 version 
(SPSS, Chicago, IL) GraphPad InStat 3.0 (San Diego, CA), Origin 
8.0 (Origin Lab Corporation, Northampton, MA), XLSTAT 2015 for 
windows version 17.1.02 (Addinsoft, Paris, France). The means±SD 
between inbred from non-inbred (i.e., control) groups, were tested 
using student’s t-test. Logistic regression analysis (odds ratio, 95% 
confidence interval) was used for comparing child mortality rates 
with different categories of inbreeding. Analysis of variance (ANOVA) 
and chi-square (χ2) test were also used to determine the significant  
difference. Statistical significance was checked at P < 0.05, P < 0.01,  

P < 0.001 and P < 0.0001. The average coefficient of inbreeding (α) 
was calculated as follows:

Average coefficient of inbreeding 
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where “n” indicates the number of individuals multiplied with 
inbreeding coefficients (F) for each of the inbreeding category. The 
F-value = 0.000, indicates the non-inbred individuals and “N” is the 
sum total of all individuals.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at http://
www.nature.com/pr
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