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ABSTRACT The effect of inbreeding on morbidity is
asseased through genetic lond estimates in terms of
dezrimental equivalents amoag the Ezhavas of Alappuzha,
bry waing & random sample of 1204 mamiages. The gpenesic
burden manifzsted in total morbidity was estimated
beiween 1.0973 and 1.1136 detrimenial equivalents per
gamete, It suggests that an average person carries in
heterozygous condition 2-3 abnormal equivalent genes
that, if made homozygous, would produce recognizables
defects and diseases, The high B/A ratio obtained (67.28)
is suggestive that genetic load disclosed by inbreeding in
the growp is predominantly from mutationsl load.
Compared with wnrelated parents, offspring of
comsanguineous marriages have o higher nek of morbidity
(Rzlative risk (RR) = 4.4 10 13.22), The attributable risk
{AR) for ihe whole sample is aboat 50%. It shows that
inbresding has & major impact on morhidity,

INTRODUCTION

Inbreeding, as exemplified by consanguin-
&0us marriages in man, increases the frequen-
cy of homozygotes in the population and de-
creases the frequency of heterozygotes. Dis-
advantages effects of harmful recessives are
cheltered by their normal counterparts and
thus escape selection. These concealed genet-
ic variants constitute the genetic load, which is
considered to be the harmful burden borne by
the population, With the work of Chetverikov
(1916) many researchers atiempted to docu-
ment genetic load and study the forces which
operate in maintaining genetic variability in
natural populations. One of the most vexing
problems associated with genetic load concept
has been that of deciding how these variants
are maintaining and affecting the fitness of
their heterozygous carriers. As a mean of alle-
viating this dilemma Morton et al. (1956} in a

pioneering paper gave a method for determin-
ing from inbred and outkred individuals,
whether the genetic load in the population was
mainly duee to deleterious penes maintained by
mutation pressure (Mutational load) or due o
genes maintained because the heterozygote
were superior to the homozygotes (Segregati-
onal load). Morton, Crow and Muller {1956)
have applied their method (o some human
mortality data from France and the United
States and suggested that an appreciable frac-
tion of the genetic load is mutational and that
the component of the genetic load tend to act
nonsynergistically when brought to the mani-
festation in homozygotes. This has stimulated
a great deal of research on the subject and gen-
erated considerable controversy. Both the va-
lidity of the approach as well as the interpreta-
tion of the results have been questioned on
mathematical and theoretical grounds by (Li,
1963; Sanghvi, 1963; Schull and Meel, 1965)
and defended by Crow (1963),

The MCM (Morton, Crow and Muller's)
concept of genetic load originally devised for
use with respect to mortality data in terms of
lethal equivalents and later the concept of le-
thal equivalents has been extended to specific
detrimental effects as detrimental equivalents
(Morton, 1960). Since the publication of origi-
nal theory many investigators have used the
data on inbreeding and morbidity to estimate
the genetic load in man (Morton, 1960; Neel
and Schull, 1962; Cavalli-Sforza and Bodmer,
1971; Rao and Inbaraj, 1977; Kaku and Freire-
Maia, 1992; Reddy, 1992; Sudhakaran, 1996),

Despite, India being a vast conglomerate of
various endogamous castes, communities and
tribes providing excellent material for consan-
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guinily studies, reports on such investigation
are fragmentary and only a few reports on ge-
netic load are available {Kumar ef al., 1967,
Chakraborty and Chakravarty, 1977; Rao and
Inbaraj, 1977; Rao and Murty, 1990, Devi et
al., 1994: Sudhakaran and Vijayavalli, 1996a,
b, 1997). The data on the effects of inbreeding
on morbidity among the Ezhavas of Alap-
puzha district of Kerala is uwsed here for esti-
mating the detrimental load in the group. The
magnitude of genetic load due to morbidity
expressed by inbreeding has not been estimat-
ed previously in the population groups of
Kerala.

MATERIALS AND METHODS

The Ezhavas are the major Hindu backward
(socio-gconomically) community of Kerala.
Mumerically they are the single largest group
among Hindus, constituting more than 21% of
the total population of the state. They are al-
mest evenly distributed, mostly in the central
and southern districts of the state including
Alappuzha. among whom the practice of relat-
ed marriages has long been favoured and en-
couraged. Data were collected exclusively
from door to door survey. The effects of in-
breeding on morbidity was computed from the
Hata on total number of surviving children/cou-
ple (during survey period 1993-1994), with a
sample of 1204 marriages drawn randomly
from the urban (265}, sub-urban (330) and ru-
ral (609) regions of the district through inten-
sive interviewing of the spouses by using
an elaborate questionnaire. Non consanguin-
eous families from the same socio-economic
status of the community was taken as control.
Morhidity data have been collected and
analyvsed under four broad categories namely
physical defects (Polydactyly, Syndactyly,
Brachydactyly, Dwarfism, Club foot, Cleft lip
+ Cleft palate) mental defects (Mental retarda-
tion} sensory defects (Blindness, Dieafness,
Sluttering/Stammering, Squient eyes) and a
few systmic diseases (Asthma, Diabetics, Tu-
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berculosis, Epilepsy, Heart, Kidney and Lung
dizeases), Estimation of genetic load was made
through an analysis of regression of morbidity
on the coefficient of inbreeding using the
weighted regression equation :

L, = -log (1-Py) = A+BF (Marion, 1964,

Where, L, i the detrimental boad, and Py, is the frequen-
cy of affected individuals among the people whose in-
breeding is measured by F.

Inbreeding was represented by only a few
individuals in our sample. Hence it is likely
that observed viability to be zero in certain in-
breeding classes, which results in an undefined
logarithm, and hence a small size correction
was made before performing the regression.
The appropriate correction used for a logrithm
TEErEssion Was &
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The relative risk (RR} and proporiional atcribucabie rigk
{AR) wos colcalated following Grant ot al. {1%04).

= -A-BF (Temnpleton and Read, 1983)

RESULTS

A sample of 1204 marriages was studied,
out of which 13.62% were consanpuineous
with F=0.0087. The effects of consanguinity at
various stages of morbidily are presented in
table 1. The computed frequency distribution
of physical {2.0%) mental (0.60%) and senso-
ry defects (1.60M) and diseases (3.0%) among
the offspring of consanguineous parents have
been found higher than control (physical
0.46%, mental 0.33%, sensory 0,19% and dis-
eases 0.58% ). Estimate of detrimental load and
equivalenis by iype of defect and their BfA
ratios are also presentéd in table 1. A and B
were computed separately for each type of de-
fect and collectively for total morbidity. In all
cases, B values were found higher than A val-
ues, OF these highest B value obained for dis-
eases and lowest for mental defects. Estimates
of A and B obtained for the total morbidity was
0.016308 and 1.0973, respectively with a B/A
ratio of 67.28.

The proportional atiributable risk {AR) for
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Table 1 : Estimaie of deirimental load in terms of A and B statistics by type of defect among the Exhavas
Conrangainiy Dol me, Freguency of ubnormalities
e surviving Physical Mental Sensory Disemses Toral
children " % " L n G n L [’ %
o 420 7T 167 3 071 &  1& 13 30 31 138
(af} 4 . - - . .
i Th 3 395 : . 2 263 5 6.58
Tatal S0 10 .00 -3 0,60 B 1.60 15 00 36 7.0
NC 070 14 0.46 10 0,33 [+ 019 18 58 48 1.56
a 0.00495 0,00361 0.00256 0.00625 0.01631
B 0325348 011228 031958 049100 109726
B A 65,78 il 11173 TH.5% 6728

Nere » 1C = First cousia, 1C1 = First cousin once removed, 2C = Second cousin, C = Consanguineous, NC =

MNonconsangnineous

the effects of consanguineous marriages on
morbidity for different levels of relative risks
(RE) calculated are presented in table 2. A
breakdown by type of defect showed that off-
spring of consanguineous marriages have a
higher risk of morbidity than controls (RR =
4.4 1w 13.2), corresponding differences were
observed in their AR values also (AR = T77.27%
to 02 44%), The AR value for total morbidity
was estimated to be BE (4%

Tahlbe 2: Extimates of relative risk (RR) and propor-
tional atiributable risk (AR) by type of defect
among the Ezhavas

Type of defecr Relarive Rizk Anributable Ritk
Physical 194 27.80
Sdental 4,398 T2T
Sensory 13219 G244
[diseases 9,596 89,58
Tatal B.A58 HE.04
DISCUSSTON

The morbidity profile for a specific commu-
nity or population within the context of their
unigque demographic and environmental cir-
cumstances can help in understanding the rel-
ative influence of various epidemiological,
genetic and cnvironmental factors on human
health. The new born are subject to differential
risks of congenital malformations and various
diseases. Some may be severe enough to cause
death at various stages. Many abnormalities do
not substantially increase the death but can
handicap the bearer in various ways. It is diffi-

cult to partition such defects and diseascs
which contribute to morbidity in man into ge-
netic and nongenelic entities with certainty.
However, a variety of Mendelian conditions
are believed o have been related to many met-
aholic abnormalities, inborn errors of metabo-
lism. physical, mental and sensory disorders
and diseases (McEusick, 1987).

In cstimating the genetic load of the sample,
the concepl of detrimental equivalents {in
terms of A and B statistics) advanced by
Morton {1960) was employed, His estimates of
the number of detrimental equivalenis are de-
rived by assuming that the ratio of physical,
mental and sensory defects and diseases be-
tween consanguineous and control populations
are an expression of detrimental or abnormal
genes of varying degress of penetrance. By
performing linear regression of the log propor-
tion of nondefective children onto the respec-
tive F values, A can be determined from the Y-
intercepl at zero inbreeding (F=0), and B is
given by the slope of the regression.

Data on morbidity type and their respective
detrimental equivalents are given in table |
The results show that various Lypes of defects
measured by deirimental recessive gencs have
different probabilities of responding to in-
breeding. The genetic burden manifested in
total morbidity in the group is estimated be-
tween 1.0973 and 1.1136 detrimental equiva-
lents per gemete. The result of inbreeding ef-
fects suggests that an average person carries in
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heteroeygons condition 2-3 detrimental equiv-
alent genes that if made homozygous, would
produce recognizable defects and diseases. The
high BfA ration (67.28) suggests that the mor-
bidity disclosed by inbreeding in the group is
predominanily from mutational load.

To suppress the erratic nature of the data on
the effect of consanguinity, caused by
rongenetic variation in the background mor-
bidity rates, A and B values calculated as
above were incorporated into relative risk (RR)
and proportional attributable risk (AR) esti-
maltes for total consanguinity by type of defect
{Grant et al., 1994 of. Bittles, 1994). The rela-
tive risk, defined as the ratio of morbidity in the
cOnsanguinecus versus control group is caleu-
lated by using the formula;

RR = I+BFA
and proportional attributable risk, which mea-
sures the extent of excess risk within consan-
guineous group, is calculated by the formula ¢
AR = BF/ A+BF

ER value calculated for type of defect (Ta-
ble 2} shows that among the children of con-
sanguincous marriages the frequency of abnor-
malities are 4.4 (o 13.22 times higher than con-
trol, AR values calculated for total consanguin-
ity by tvpe of defect shows that B7.8% of Phys-
ical defect were associated with the expression
of detrimental recessives genes, with equiva-
lent values of 77.27%, 92.44% and 89.58% for
Mental defect, Sensory defects and Diseases
respectively. Calculation of the population
proportional attributable risk (Khoury et al.,
19871 which estimates the fraction of total
morbidity associated with consanguinity in the
study sample, indicate that 50% of the morbid-
ity was associated with inbreeding. The last
value shows the amount by which the frequen-
cies of abnormalities and discases woold de-
crease in the population, if consanguineous
marriages could be eliminated,

These findings suggest that among the pop-
ulation, with prolonged and medium levels of
consanguinity (<1 3%) the effect of inbreeding
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on genetically determined defects and diseas-
es are greater than among those with high lev-
els of inbreeding, as had from the studies on
other South Indian populations (Rao and
Inbaraj, 1977; Babu et al., 1994). This is con-
sistent with genetic theory, which predicts that
under prolonged and high levels of inbreeding,
there would have been a marked decline in the
frequency of deleterious genes due to their
climination by segregation, thus lowering the
equilibrium allele frequencies for detrimenial
genes. The reducing cffect of such genes have
their manifestation in the consanguinity-asso-
ciated morbidity also.
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