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negatively associated with the frequency
of consanguineous marriages, an ecologic study
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Abstract

Background: Union between second cousins and closer relatives is called consanguineous marriage. Consanguin-
eous marriage is associated with increased risk of autosomal recessive diseases and several multifactorial traits. In
order to evaluate the association between prevalence/mortality of COVID-19 and the frequency of consanguineous
marriage, the present ecologic study was carried out. For the present study, data of prevalence (per 10° people) and
mortality (per 10° people) and number of performed laboratory diagnostic test (per 10° people) of COVID-19 disease
at four time points (December 2020; March, August and October 2021) of 65 countries were used.

Results: Univariable correlation and generalized estimating equation analysis were used. In analysis, prevalence and
mortality of COVID-19 were used as dependent variables and human development index, number of performed diag-
nosis test and the mean of inbreeding coefficient (a-value) were introduced into model as covariates, and time point
was used as a factor in analysis. The square root (SR) of prevalence (P=0.008) and SR-mortality (P<0.001) of COVID-19
negatively associated with the log-transformed of a-value.

Conclusions: The present finding means that in countries with high levels of consanguineous marriages, the
prevalence of COVID-19 and mortality due to COVID-19 were lower than countries having low level of marriage with

relatives.
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Background

In genetics, union between second cousins and closer
relatives is called consanguineous marriage [1]. Previ-
ously it has been shown that consanguineous marriage
is a long-standing social custom which depends with
numerous factors, such as religious, socio-economic and
demographic variables [2—4]. The frequency of consan-
guineous marriage has geographical distribution; it has
high prevalence in several Asia and Africa countries. Ira-
nian populations showed high levels of consanguineous
marriages [5-7].
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Numerous studies have shown that this type of mar-
riage is associated with increased risk of autosomal
recessive diseases and several multifactorial traits [I,
8-15]. It is well established that primary immunodefi-
ciency diseases are genetically heterogeneous group and
are associated with parental consanguinity [16]. There
is significant association between parental consanguin-
eous marriage and the risk of some infections [17, 18].
There is about one-fifth of the world’s population living
in countries where marriage with biological relatives is
prevalent. Therefore, for countries with high prevalence
of consanguineous marriage, the association between
frequency of consanguineous marriage and the Corona-
virus Disease 2019 (COVID-19) is highly important. To
the best of our knowledge, there is no study regarding the
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above-mentioned association; therefore, the present eco-
logic study was carried out.

Methods

Prevalence (per 10° people) and mortality (per 10° peo-
ple) and number of performed laboratory diagnostic test
(per 10° people) of COVID-19 disease at four time points
(December 31, 2020; March 19, 2021; August 31, 2021
and October 25, 2021) were obtained from the Web site
www.worldometers.info/coronavirus (Table 1).

Very recently importance of socioeconomic posi-
tion and Human Development Index (HDI) in study of
COVID-19 has been reported [19-21]. The HDI reflects
three major dimensions of human development, life
expectancy at birth, education and the gross national
income (PPP) per capita. Countries with higher life
expectancy, income and educational levels have higher
HDI values. The HDI values are calculated annually and
reported by the United Nations Development Program’s
Human Development Report Office. The latest report
(2019) was used in the present analysis as a potential
confounder.

The inbreeding coefficient means the probability that
an individual has received both alleles of a pair from
an identical ancestral allele and shown by F-value. The
F-value, for double first cousins, first cousins, first cousin
once removed, second cousins, and unrelated marriages,
was 1/8, 1/16, 1/32, 1/64 and 0, respectively. The mean of
F-values which is shown by a-value, and it is calculated as
F=>3"PiFi, where Pi and Fi are frequency and the F-value
of each marriage type. The a-values were estimated from
data presented in the Web site www.consang.net.

Data from 65 countries were included in the study. The
countries were Afghanistan, Argentina, Australia, Bah-
rain, Bangladesh, Belgium, Bolivia, Brazil, Canada, Chile,
China, Colombia, Costa Rica, Croatia, Cuba, Czech
Republic, Ecuador, Egypt, El Salvador, France, Guinea,
Honduras, Hungary, India, Indonesia, Iran, Iraq, Ireland,
Italy, Japan, Jordan, Kuwait, Lebanon, Libya, Malaysia,
Mexico, Mongolia, Morocco, Nepal, Netherlands, Nige-
ria, Norway, Oman, Pakistan, Panama, Peru, Philippines,
Portugal, Qatar, Saudi Arabia, Singapore, Slovakia, Slo-
venia, South Africa, Spain, Sri Lanka, Sweden, Tunisia,
Turkey, United Arab Emirates, UK, Uruguay, USA, Ven-
ezuela, and Yemen.

Normality of variables was investigated using Kolmo-
grov—Smirnov test. If a variable was not distributed nor-
mally, its log-transformed or square root-transformed
(SR-transformed) was used in statistical analysis. Uni-
variable correlation analysis was used. To overcome the
effects of confounders on prevalence/mortality, general-
ized estimating equation analysis was used. Prevalence/
mortality of COVID-19 was considered as outcome

Page 2 of 6

variables, and the a-values as well as the potential con-
founders (number of performed test and HDI) were
introduced into model as covariates. It should be noted
that time point was used as a factor in analysis. Data were
analyzed using SPSS software (version 25; SPSS Inc., Chi-
cago, IL). Statistical analysis was performed using P<0.05
as the cutoff point for significant association.

Results

Normality test showed that HDI has normal distribution.
Other variables were not distributed normally. For sta-
tistical analysis, the log-transformed of a-value, and the
SR-prevalence and SR-mortality of COVID-19 and SR-
number of performed test were used.

Table 2 summarizes the correlations between the study
variables. It should be noted that almost all of the studies
variables had significant correlation with each other. The
SR-prevalence (P<0.001) and SR-mortality of COVID-19
(P <0.001) were negatively associated with the log-trans-
formed of a-value.

On the other hand, there was significant negative rela-
tionship between log-transformed of a-value and HDI
(r=-0.618, df=63, P<0.001). In all of the study time
points, the SR-prevalence (P <0.001) and SR-mortality of
COVID-19 (P<0.001) were significantly associated with
HDL

In order to neutralized the potential confounding
effects of the HDI and number of performed tests on
the correlation between a-values and epidemiologic
parameters, generalized estimating equations were used
(Table 3). The construction final models showed that
SR-prevalence (P=0.008) and SR-mortality (£<0.001)
parameters of COVID-19 negatively associated with the
log-transformed of a-value.

Discussion

The current study revealed that in countries with high
levels of consanguineous marriages, the prevalence of
COVID-19 and mortality due to COVID-19 were lower
than countries having low frequency of marriage with
relatives. The a-value can explain 36% of the differences
observed in the mortality due to COVID-19 between dif-
ferent countries. Although the main finding of the cur-
rent study is not consistent with previous reports which
reported that primary immunodeficiency diseases [16]
and risk of infection of tuberculosis and hepatitis [17]
positively correlated with consanguineous marriages, it is
consistent with the negative association between parental
consanguinity and risk of HIV-1 infection [18].

The present finding that countries with high fre-
quency of consanguineous marriages have low preva-
lence/mortality of COVID-19 might be interpreted
by increased number of resistant individuals against


http://www.worldometers.info/coronavirus
http://www.consang.net

Page 3 of 6

(2022) 23:8

Saadat Egyptian Journal of Medical Human Genetics

915'75¢ €Leele LLO'ZLL 166'8/ 6lL 809 8G¢ 14 9%9'0S 99 0/9'LT S6t'rl ¥¢L0 60¢ eAqr
LLSY0L 716'00/ 8G1'S61 0r0'76C Y74 98lLL €€8 ol¢ 9€0'6 10£'88 8€8'€9 €599 v¥/0 L6 uoueqe
02€'S80°L 6/9'1/8 LTSy WASANY4 G99 LSS 08¢ LIC S9/'v6 LSEY6 881'0S 200'G¢ 9080 S0C 1emny
6£9Cr0'L £1/'968 6/8'GCS £89'60€ 1901 6001 S 72 £75'C8 veT'LL 67/'0S 07/'8¢ 6¢/0 00¢ ueplor
65€'£0C 6¢L'TLL 9587/ [4a7:1S il Ll 69 LC 0€9'¢clL 591 L /8G¢€ 781 6160 €l ueder
L117'8/9'L €8C°C6€°L £06'S9/ [47401 47 S8l¢ lrlc 9c/LL Ll 0198/ L1TSL ¥/1'GS L18€ 680 ¥ Aley
0TC'9/5'L €89'C87'L L1¥'€9/ 6€C'8LY ¢/L0L 8l01L 616 LSy 89198 9r'0L /09 €88l 5560 L pueei|
celele 09/'LvE 095'581 LLg'LLL 999 S0S %3 Gle LSY'6Y LS/'Sy Y06l 9€9vL /.90 44 beyy
L£6'18¢€ v/6'0€€ [370r44! GlS'68 8971 S9cl Ll €59 [4VA:) €958 G/0'lT €6v'l €8/°0 S8l uel
G879l 0S€911L 6Ly'cy 8¥/'9C 91§ 08y vl 18 167Gl LLLYL 29¢S €0/LC 81,0 S6 eISauopu|
88/'6T1 €59'e/€ 767'991 0907l 9ce Sle SLL L0l 8917 C £0G'€C Sles yan7a 9 200] 8¢¢ elpu]
S WAYA 885789 161'SEY 60%'S/T SLLE leLe 0581 686 L€€'88 6£€'78 1c0'LS 8Ty'ce 7580 L Arebuniy
178901 £18'96 8158y 969'0¢ 6001 (88 6y rle ST{0pAS 185€€ 05081 €0c'cL €90 Ll SeINPUoOH
SPS'Ly 9'6¢e 324! 566/ 8¢ 74 8 9 €qcee 81T /8¢l LEO0L LL¥0 LEL eauino
€9/'60€°C £95'906'L G6/'768 ¥66'GES S6/1 ov/l 404 686 7/8'801 Gge'e0l 796'€9 00l'0r 1060 4 oouel
T€E'90C 899781 €L6'€TlL 76556 8YS VAq4 €0¢ S0¢ 86121 1891 9096 890/ €90 4! Jopeafes |3
0cT'se Pre'6T £796 1896 S/l 091 LLL 174 ¥0L€ 85/C /8L JAS 040 el 1dAB3
LO¥'901 7€€'86 [431 cLLey LESL 96/1 0¢6 682 959'8C Sl6'LT €9¢'/1 PS6'LL 6520 €l Jopeno3
/90'02L'e 118'9%€'E 781’086 698'75¢ £58¢ £€8¢ 69¢C /801 €/7'191 ¥or'9S L €61'sel 750'£9 0060 L dlignday Yyoszd
[44JARS) 00110/ 698'CrC [4R40! 494 697 143 el 7/9°¢8 089'2S T4 801 €820 S egno
6v6'Sh/ 081779 865'/5€ G20'6iC scee S¥0C Sovl 856 L€5'601 79/'16 €15'79 615'LS 1G80 L el1eos)
99’68 67L'68€ 88/l 0/£'96 GGel 6901 G9S Ly 8/0'801 G/0'06 8Ce'ly /80°€E 0180 L eIy P1SOD
86871S 061'69% 20L'L€T €10'6S1 13%44 Scve S0cl S¥8 ¥9/'96 967’56 LEE'SY cLi'ee /9/°0 3 BIquWI0j0D
oLLLL oLLLL oLLLL €oLLLL € € € € /9 99 €9 09 19/°0 Ll eulys
GZE00T'L 9L7'0S0'L 785 LYS €£€0'9¢€ 6v61 €Ll 8Ll 598 780°/8 v/8%8 €Ly 6lL'1€ 1680 9 QlIYyDd
S6v'861"L TLTE90'L S6E769 9/£'€9¢ SS/ 90/ 965 [4h4 1657y 0ze'6e (IR 474 LE€'S1 6¢60 14 epeued
79C'L6¢ 08%'59¢ /gl 0L0€EL ¥78C 60LC 09¢L 716 0Lg'l0L 616'06 ¥65'SS €86'G¢E G940 Lc |lzeig
Se8'lLT 6!l £95'0L 620'S€E l6G1L 7551 Lol 8// Sle'ty 19"l 60€'CC SLY'EL 810 € eIAljOg
8/9718'L /180091 691'888 0€1'Y6S 0cce 8/1¢C 61 /91 6vreLlL €vSL0l v//'0L 991'GS LE60 € wnibjag
6€°19 765°€S 9€€'9C 00561 /91 yASs 4 o 86¢£6 £006 3lre €0le €90 Sy usape|bueg
/G1'/€8'E 67E'TSE'E 619116l 81T'/9€¢'L €82 8. €8¢ €0¢ 98%'GG1 €/6'€S1 oLz LVS'ES ¢S80 591 urelyeg
682'5€9'L 6002’ €5/'/8S v68'8¢Y 79 6¢ 93 Se 6819 #80¢ GelLlL [0L1L ¥6'0 L elensny
6L7'ErS 6178y 8¢g'18l 0£6'S01L €€GC 514744 /611 56 891Gl L GTS'elLl 8zl'ey 108'GE S¥8°0 € eunuably
ceeel 818'8l Gees 0605 18l 8/l 9 9s £68¢ L€8E 8Lyl el LGS0 11T ueisiueybyy
Al 1] ] | A 1] ] | Al 1] ] |
(9ydoad
501 13d) paunoyiad s3sa3 dnsouberp jo ssquinN (31doad 401 12d) Aujerion (31doad 401 12d) 3d>U3jRASId 1aH (,-0L )0 A13uno>

ApPNis Y3 Ul pasn S313UNOD §9 Ul (JJH) Xapul 1uawdojaAsp uewny pue anjeA-o ‘(siujod awil INoj 1e) 6 1-JIAQD JO A}jRLOW pue 25usjerald L dqel



Page 4 of 6

(2022) 23:8

Saadat Egyptian Journal of Medical Human Genetics

A|9A1303dsa1 | Z0Z 1990320 pue IsnBNY ‘YdIe ‘00T 42qWad3Q SUOIID3||0D e1ep JO sjulod SWi} IN0j SUBIW Al pue

7798 CLe8 G/S LS 09 8Y 144 0¢ ole LSC 901 0/ 0/¥'0 Sle USLISA
895811 L1S'8LL 88C'/0L €€0's8 01 44 49 9¢ i 878l L 95¢S 666¢ L0 L B]9NZaUSA
0C¥'690'C lez'ess't [dYaIN STL'€9L e v/61 [991 /901 LoL'eel 89¢'0C1 LES'16 ¥09'L9 9¢60 L VSN
€/8'180L S67'856 LELYYE GS6'€8l ovLL 6C/1 8l¢ s [TY'TLL [9€0LL r1s'ce 6¥S 180 6 AenBnin
€80'79LY €86'056'€ 768'059'L 89+'008 oc orel 6v81L 0801 €88'8C1 90’66 G68'79 ¥95'9€ €60 4 AN
ory'CLL'e [TL'SSY'L £E6'667'E 67'660'C cle ¥0¢ a4 /9 06S'€L [29'1L 0LL'¢Y 988'0¢ 0680 (Y44 SOleJIUTg Gely palun
£00'601'L 901'568 60€'€Y 986'88¢C 118 799 LSe e vTL'ze 6087/ 996'7€ L¥0'9C 0¢80 v/ Aspng
78TvST w99lT 1v/'88 6C8'lS 00l¢ 09%1 14¥A Y6¢ CIr'es 0ls'ss 855'0¢ LLZ'LL orL0 €le elsiung
vTe8LTL 96/'5S1'L LEE'€S9 8T/'Lty 6971 oyl L0€L 198 SLSPLL 0/£'0LL 69¢'eL (AN S6°0 € Uspams
LT6'6YC 6C9'SCC 206's0L £09'LS €€9 [Ty 14 0l v26'vC 97'0C 91y 810¢ ¢8L°0 6 BYUET LIS
vLY'SLY'L 6's6l'L 11648 [AYAAS 7981 €081 6SS1L £801 7€6'901 ¥6£'€01 /89'89 SLY'Ly 7060 9 ureds
/€8%0€ €L1'€/C €/1'091 LEL0LL Sl £9¢1 0/8 LLY 8T¥'8Y /51'9% 859'5T (VA 6020 9l eSO Yinos
SeLel8 €/6'S69 €ee08y S8EvTe £5CC orle G061 L6C1L S61'7SL 905'8¢1 677€'86 S/1'8S 160 € BIUSAO|S
zLe90L 8%9'/09 L0901 99'19¢ 1134 16CC 8¢9l 6¢€ les'es v6C'CL 6LE'€9 LL8'TE 0980 L BIEACIS
S8Y'96Y'E 88€'010°€ 6LT'69€'L 898'€C6 9S 6 S S SvL'6C ESv'LL LTT0L £166 8€60 0¢ alodebuls
o9L'Lv8 LEvLL 86C'cly 8lg'cle YA44 (74 /81 LLL YEY'SL L19€'SL L1601 6€€0L 7580 1344 elqely Ipnes
£66'966 620'C68 75E'68S VxdNaq4 L1C 1414 16 /8 76678 768'C8 905’19 9CT'ls 8780 S/C leleD
9LEE6'L 80¥'CL9'L ¥€0'L58 96'8YS 98/1 ovLL (Y91 8/9 198901 8€1'70L SST'08 0€9'0¥ 7980 6 |ebnuiod
GSS'E0C 20€'891 69798 ev'L9 9/¢ L0€ 1L v8 99/'vC 188'/L 6585 L6CY 810 € sauiddijiyd
€€6'099 €L6'661 9€0'85¢ 0€€'991 6565 8165 86171 Sell Y1¥'59 89179 S6S'EY ¥/5'0¢ LLL0 9l niad
¥8£'516 GE9vE8 Sy €Ce00¢e 0991 L091 €8el GC6 zol'20L €CL'yol 69708 617/'9S S180 9 eweued
€906 z19'8L 9T’y €20'0¢e Sel rll 19 4 €095 9¢ls S9/¢ Lgle /550 8¢ uelspied
899'LEL'Y 68%6C 191'86¢ zLsolL 6L/ €LL 453 06¢ Sv9'LS 10528 889'8¢ 067 €180 691 uewo
SSO'SLY'L L€0TLE'L [T1'€8L 7s€TLs €91 G4 6L1 08 vLL'9€ 6LT'6C 169'S1 L016 L56°0 4 AemioN
00S'S1 80L'el 008 (92574 4! Cl 0l 9 66 L06 0/L 0cy 6£50 e eusbIN
S8/'9r0'L £€6'596 €51'90% 88€'9¢E 9901 8¥0L L¥6 999 Sev'LL 066CLL ¥91'69 09%'9% 76'0 L SpuepiaylsN
[A74% 4 1zo'Lel v65'SL €€/'S9 18¢ 19¢ 0l €9 0sl'/e 6€9'sC SYe6 7988 090 €0¢ ledaN
¥Tl'L9 0z8'6£C 4V 9r0'0CL 06¢ 8¢€ 54 661 €61'SC 800'¢€C zol'cl 8T8l L 9890 68 0220JON
898'€0C' | 997'z60'L 067'7€9 £58'181 861 18¢ 4 0 €€/ v0L G20'%9 SovL 89¢ LELO €9 eljobuopy
908'58 ¥0S'vL §S6'vy 1s/'/c lelc 1861 y1Sl 796 ¥v6'8¢ 209'sc 66£91 60601 6/L0 L OJIXaN
8l7610'L ¥9/'169 SE691¢ 899'701 998 £0S 8¢ 4! 14074 L9L'€ES 5010l 69t€ 0180 JA4 eiskejey
Al n ] 1 Al n ] | Al 1 ] |
(9ydoad
,01 13d) pawuoyiad s3sa) dnsoubelp jo saquinN (31doad 401 12d) Ayjerion (3doad 401 J3d) a>u3djeAdId |aH (,-0LX) D0 Anuno>

(panupuOd) | 3jqey



Saadat Egyptian Journal of Medical Human Genetics (2022) 23:8 Page 5 of 6
Table 2 Correlation analysis between the studied variables
Date/variables SR-prevalence SR-mortality HDI
r P r P r P
End December 2020
Log-a value —0.395 0.001 —0.556 <0.001 -0.618 <0.001
SR-performed tests 0.598 <0.001 0.298 0016 0.733 <0.001
HDI 0.593 <0.001 0468 <0.001 - -
March 19, 2021
Log-a value —0439 <0.001 —0.603 <0.001 -0618 <0.001
SR-performed tests 0.625 <0.001 0.338 0.006 0.731 <0.001
HDI 0.624 <0.001 0493 <0.001 - -
August 31,2021
Log-a value —0.372 0.002 —0.498 <0.001 -0618 <0.001
SR-performed tests 0.602 <0.001 0233 0.062 0.711 <0.001
HDI 0.609 <0.001 0.399 0.001 - -
October 25,2021
Log-a value —0404 0.001 —0.506 <0.001 -0.618 <0.001
SR-performed tests 0.600 <0.001 0.208 0.096 0.733 <0.001
HDI 0.642 <0.001 0.407 0.001 - -

df is 63 for all comparisons. SR and Log mean square root- and logarithmic-transformed variables

Table 3 Results of generalized estimation equations for
investigation of associations of prevalence and mortality of
COVID-19 with the a-values as frequency of consanguineous
marriages in the 65 countries around the world

Variables Wald Chi-square df P-value
SR-prevalence as dependent variable
Time 37.494 3 <0.001
Log-a value 7.055 1 0.008
SR-performed tests 19.586 1 <0.001
SR-mortality as dependent variable
Time 186.856 3 <0.001
Log-a value 17.147 1 <0.001
Human development 2466 1 0.116

index (HDI)

infection SARS-CoV-2 or outcome of COVID-19 due to
parental consanguinity. Consanguineous marriage results
in elevation of homozygosity of mutant alleles with low
frequency. Let’s assume the frequency of a given mutant
allele which is resistance to COVID-19 be equal to g in
a given population. The probability of homozygosity for
this allele when marriage with biologic relatives is present
and absent at population level becomes equal to g*>+ apg
and ¢? respectively (« is the mean of inbreeding coeffi-
cient). Therefore, parental consanguinity increases the
frequency of mutant homozygotes which they are resist-
ance to COVID-19. Taken together, it is concluded that
the present negative association between a-value and

prevalence/mortality of COVID-19 might be a reflection
of elevation of the homozygosity of several mutant alleles
involved in resistance against infection of SARS-CoV-2
and/or severe form of COVID-19.

The present study is an ecologic study, and other eco-
logic studies have some considerations and limitations. It
should be noted that frequency of consanguineous mar-
riages and the epidemiologic parameters COVID-19 are
not uniformly distributed on different parts of countries.
Here average levels of consanguinity and COVID-19 epi-
demiologic parameters for countries were used for anal-
ysis. Hence, the present finding does not mean a causal
relationship between parental consanguinity and suscep-
tibility/mortality due to COVID-19. Several case—control
and/or cohort studies are needed to confirm the present
findings. Finding mutations that induced the resistance
to the COVID-19 is also needed.

Conclusions

The findings of present ecologic study revealed that
countries with high frequency of consanguineous mar-
riages, the prevalence of COVID-19 and mortality due
to COVID-19 were lower than countries having low
level of marriage with relatives. Considering that here
the average levels of consanguinity and COVID-19
epidemiologic parameters for countries were used for
analysis, the present finding does not mean a causal
relationship between parental consanguinity and sus-
ceptibility/mortality due to COVID-19.
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COVID-19: Coronavirus disease-2019; HDI: Human development index; SARS-
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