[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

V& OLT 9 o (AN w2l O o louds YE S — yinogS

S § dadllan 5 S el SaodFL 43 99 Eg) Culid 5 pCdl g
Ol 6 S glogis 4

S0kas, e (M.SC)' b, L (Ph.D student)' ;5 Je Lot (Ph.D student)' . JUls (Ph.D)" o5, sga
(Ph.D)" , s2ils SAstlles + (M.D, Ph.D)" (515 054 3 «(Ph.D)"

o) O iy e Sy o sl SRS e rlio 5 15000 348 pole 5aKi8 3y 3t S s0 5 b psle i 5 00—

Il S o iy s Ky psle s g0 3kl sl 5Kt s (S slio YN I 50Kty lidin 30 =

Il S iy hd Sy psle oKl e s o 5 3 01503 348 ool 0ASit 5y ppaand o 5 oy 5900 348 Sliio 35 0~

AAERVARVAAZEN- SRR TR -\ SR/ V) et PR TRt daneshpour@sbmu.ac.ir CYN-YYEYYO- « A ghue suiiws 53 %

GRNES1)9 9 (SOl s (e a5 Wbl g0 00 G g low o F @S 5 (S g 0z (5)lom S 90 95 Cubi b
Saii§ adllln) (JInd edlgils ;o 95 g9 cabd Gpdcdlyy adlllo ol Bus aul polaol Glpl eds 5o o
09 (ol S giliogs o, 8

S § anllla 5o Jlo Yo YU EaGS s i 51 alid pul 8,8 WWede g 03 5,8154) Jold pilo anlllas by b g 3lgo
(Solgils mozi adlbo opl o bl o (Tehran Cardiometabolic Genetic Study, TCGS) lpi Sdgiliogss,ls
i dmslo BGLR 503D S.A.G.E (gl )l 31 ooliiusl b oSS Juloni 5 codlgils 1 s (6593

—090 (S UG . ai0gs 1350 00lgils YAAF ;0 550 w0 ;0 BB g () o yd FO caxlllao 3550 3,8 \WYFY I ilaasdly
dCChrother-brother=+/1#  dCCiistersister=+/1F) 3l - yles sl ;0 65Vl  Kiwgper & ol lis Solgils
3929 (ICCtaner-son=/18) § =y &1 31 o 9 (ICChmother-offsprings=+/1¥) (5833 9— yolo &3 s (ICChrother-sister=+/Y#
2l 51 (S Blas a5 93131 55 Culis (55l 42 (OR) Sl (il a5 010 (LS St (g 5 gl (oo clls
aoeis wlwl g3 .0 dawlxe (SE=+/+YF) duo ;08B 390> (g d9Slyg oyl jmo (OR=F/1%) 593 5 i 399 Sl 4y Mo o]
05 (0 o () iz (5981 3l 99 g9 Culsd (5 ylomt (S Sl

Srlow 092 Gl (Sl 3 G ol Comer 50 (JF W eI L 90 98 ubd GHlew R Elyg i S A
S Jole o et (lly Gl Jole (( SOl adibu Blod 519 092 ous Jiton )0l 9 ;195 4 Hluy yob a1 90 £45 Cubid
6922 o 3115 (6 Sl g ol i Caodlw oS (65105 ol 53 45 315 (LS axlllan (3] Ao 092 (5 5lows (2] 4 S|
B8 ot dxols 50 00lgils b 4

SrNEdlyg (o5 (Solgils xozi (g g cdlyg g0 g8 Cubd rguds (sbrejly

93 F5 Cals Golam 4 e 513 51 Ol [AA] 550

Locpdlly abe culs 4 M o0l s e S Gls Jolos olse & it Sdplie codemn Dl K ol

slasl 5l 5 sl sk o [N+ ] aims 5ol 5 ol 03 S Bl ollas iy | oS ol (S85 5 ae
Sl olan 4 el la azl (ol ol & Ve 0I5 S 5S Caans (Genome-wide association study) 53
0 el o> ol 0> PN b I 00 1 S cpkiy 5 sk 4t S35 b s Jule |
ol 3l cel Gole Lo ot (K am s olasley 55 IV ] s ol e 05l S5
U Sk Gl el D) ped [NYA] 258 5 5 SOl T iy ol s oS5 88 5168 ol

Shole sl (S5 0503 4 Sligpen Uil (555 Juloe ) a5 SNl ails cas 5o b oS asb e olen

R Luf B a:\j.\'\.‘;- Lg\.ﬁa_:‘ Jj’u P ‘j‘v\; C,.w)a\} gy \) 6;?‘-:\?,&'\)} O‘}:“ Q‘}:g_;‘ ‘C)\)L"ﬁ ‘;a\}l\.ﬁ; A.m\.w

OAY


https://koomeshjournal.semums.ac.ir/article-1-7397-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

OLSer 5 ool St sage

2 sl gl &l

b K ol adlas andlles 5 50 arely Olo s>
5 eslal | aS s 5 (Family-based study) ool gls ; sxs
Sy adlae SBuseSe a4 by ol
(Tehran Lipid and (TCGS) (¢ SKJaless S
3 it adlae ol V4] @88 Ll Glucose Study)
gadlae &S sl e (TLGS) ol g and 5 28 addlla
5 Pt e S0 b &S ol Coman e 5 SSenn]
S 2 Sl e e slaglen 3l Jalse s
Jle 5 adlan ol [¥ ] ploil o e VY ailate o SL
s o9z 53 3l 3l 51 @ N0 5l i 6a) 2 \YVA
cbalol s sl sl Sledbl 5 sas sl 5oy 5 WY
ol a5y s oslper Al w Lg s
S UB Y00 AYAAYYY) Jul 56 s a8 SBuses o
S St e hls 5 (B YOYY AYAFAYAL) adlllas o5
sobite 4 TCGS aallls .oz asdlas 5l5 ilos s Jlo Y
OBASES 2 i 5 g5 0018 A5 sbaesls g
Lol Solpls sblhs moas puimes 5 TLGS (sadlla
illumine Inc, gasl 5§ o555 sbase azl 2l y b
s!»  San Diego, HumanOmniExpress-24 v1-0
D] Sas cwi sl o SHL £FAAYY

3 ple geaSamy s S| WS 5 tagn o)
4 g gt Sy psle Szl Il 5 550000
313 a8 51 oS BT Gasbicyls) 5ty o5
(IR.SBMU.ENDOCRINE.REC.1396.423) 4 S

PV AP E TN 5| X N PRF PP 5 RV I 5
anlllae 53 ouxSeS a3l (gasls G e able 5 (Sa
5 el Csay sylnliad bz ) eslizad | TCGS
203 S e s sl 5 ( 8S) 0o (e sl
[OOSR P RN P4 Rt ISR T P3N BPP POR SR O
s Suse 4 oBusesS s (BMI) SNy Lesls
el g osdhe i alone (0 2o/ 0 S S) 8 0 p o
sl cell VP BVY 5l o oBuSesS o s hise
sl w8l Gl mee V-1 el o
55 os> 5 5 (FPG) Lisb 55 a5 aler 51 plat o

om0 el 50 7 5 calis oo lan anlllas ol 53
4 American Diabetes Association (ADA) (S el <obs
Ll 5508 cmals b ecalis o oyl b pleys i, 50
A 53 p S e VY 5l 50k b sl ksl S s
Lol wele ¥ Ldl S,I8 L (FPG2126 mg/dl)
(PLPG2200 mg/dl) i s 5 8 e Yov 5l 5t

OAD

il el b ool 3l 6l olen ol Ml las e o
e 45 ol ol 31 51 (aosV o) St s G b &
e o W VFAT] 560 (s Fo) s Al S
<wbs ¢, le (Familial aggregation) ;;\,su ]
VO] a8 S8 ol 4 Ml i 4 il e
el O5le (0?) 6 pdyslys oS53 bl e s )
JS 4 (Sss s, st bw g sad e lls S
o 2 S el h? = Z_IG) PRI W R - ]
2l e a5 5 (S5 sl b )y w5 4 Ve 5 Ve
#5 3 oslls Vo sl 5 48l S5 olls [1F]
potie 4§ ph il (g pdycdlys Sl oskte 5wl gl 3
Sllas [VV] el ol (Narrow-sense heritability) ol

Sancily ol e bowes D cpig
355l 4 do3 Ar YO |y colis oolen (Heritability)
VY] wles S

s ol cnl (Se55 Sl S St s
JUis 4w piilyy ols s 5 Solsls e ol sl
3 eslid b cal o ealon s kil S0 el
Complex segregation (CSA) suzs  SS&  Jodow
Jdos cnl 51 ol ams [VA] 58 o oLl analysis
S 3550 olen il 65U a8 aas ol il g5
(Sporadic Polygenic _sja cilys 553! il o5 4
(Recessive o 4lxe (Dominant pattern) _J\& .pattern)
ke Jusl L (Codominant) Jle.s  pattern)
.(Environmental transition)

5 kel (Solsls o sosl 4 andlas o)
Corex )3 937 9 Colis )l (CSA) suzes SS& ks
(TCGS) o) o SIpltepo,l8 K5 andllas 55 suSeS 2
sl i 53 033 8 o ol b a3 Alie l o3l e
Sl Ko ppel 5 esliaad b Solsls pens
(Family history) Lj;\,s\.;. x4 (Familial correlation)
(Genealogical index (GI) bl Lasla ose3l 5
093 i 3 e S I3 e n 255+ (GI) test)
Xl sx el bl ocls Ol bl
Genomic (GRM) .55 Lly, w sl 5 (Kinship)
oo ol s s e amla relationship matrix
Sakils @S ez 5 Lol Gl sz SSE
Dsde bl oo g el ol

yhys 9 Slge


https://koomeshjournal.semums.ac.ir/article-1-7397-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

VP oLl e ) ) 0 sles YF W

esS

- ——

L see g (Half-siblings) s ol = alp3) oo ax o
ol ydla olians cpls s b pls ey s i3
(Grandparent- (S, 5,5k -S54 5 (Cousins)
DAl 5 5l eslanad b aalis s ledbl grandchildren)

[YY] 2] cwsay SAG.E

(Family history) Sslgle asle [YVNA] as o e
Gl (\ 1l iy w5 S0 5l 400 F 5 el ol
ale (Y onlly 51 (S Jlam 5o 0 g8 cubs solen
il (¥ (Siblings) 5ol 5 ol 55 93 g5 obis olan
DAl dlls) sl am s o 8auy 3 53 £ 2abs ol
olslig s> 53 9 g5 Culis olan 4l (F 5 (olsls 5

Sas ol TLGS (5ass o8, 51 a5 VALYS
531000 s (VWYY-YYAL ) sl 56
& YOTY (VYA FAF)ags 36

P e e e e e e e S

4 AY
1 TS E S S S EEEEE ~
\
S JL T Sl i sl o b ol o5, | | b SISl 86 eS S,5 AT
1
(i \ YOV )ias e Pl s o ot i anlllas ) s Candg !

1

(W Bdo oaisS 8,5 03F+) : | (s asliS LS )

1

e e e e e e e e e

- e e e e e e

~N
Ogs 35250 a3 VYVAY slaws cubs sy
(bo e, V- VPT 5 b Ja5 VPYY)
J
A
4 N\
ol loaisS e85 8 VWOF wolgls Lale JooSS ol y
ol dafllas o)ls (Yo VA=Y -+ %) 0y
. J
4 N\
2030 aalllae o)1y ,a5 VYYFY
GRAY-0. i abo e [, 12 1 oubo)
\ J

TLGS coraz jl baiges Sl aig, Gioles NV S

R i3l 5 5o FAMAQGY 4ty 55 aslio 2 B 55 sl s
b goore o) osdl ol @ls oo [IY] ol sl LG
S 88 e L) anels ol Ul a5 a8 e et
Slaime sb & (il & dal M) amis S
2 oSl iy ol 5> aoda ssb 4 S sanas s
5 aslo s S 55 (Affected) Do o) 31 o sl 5
ot Sl 3ol 5 4y 45 50 3l 55l 5> s Sile
Sxislie s> a2 ms ) 05o3) ol 53 s e duglis
claw Spl (P-value) b Sl 3552 8l e o3
LéJLAS O god )’\.«.A :‘Jﬁ‘ BB LEE™ sonlin ‘_;w\dj\na-)?
Lly, ol 2ol Lokt & .aaf@ ool L L el
ardllae 5 oauSeS a sesl il o colis 4 M ol 31 oy

OAF

bl sbais,

Sl aale 5 Solsl Kaes  Sol56 gy

el (2a) 4w b o & <obs ;-’\35\-5- oo o
Genealogical (Gl test) oliz,ls Gesls gsel (V) tae
(kinship sum test) sxsley o5 ] ngﬂ 5 index test
Intra-class correlation (glss, 4,0 uﬁmur,a w2 (V)
aisle 5513 s 503 53 Strd 5 S5 e (V) (ICC)
Slsls

sl B e 0 5a5) 5 el )l Gasls e 51—
o SNsliy o o ugv\*‘ (sebaols jasls bf‘j
Sl golar b 4 a8 6ol 3151 slas game 5 Vs 51 3]
Sl 5 salizad b gsasl opl S o anslia |, Kilons


https://koomeshjournal.semums.ac.ir/article-1-7397-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

OLSer 5 ool St sage

2 sl gl &l

oSl 3l 54 g0 L (LMM) aiel a3 s
Olsie 4 sy 53 e 5o arelona b i) 5o rgisliy
Sl | wﬁg 6149- Jw K ‘LL.J)\ u«e.j\-d S
03 Camd 5 o e Sl b Julse Jb osble S
o (YY) 2 a8 8 ks s R Il s regress ai.
Sheslanal L [YO] w5 VO Tt L oben cal g pdicshys
sxlaze § (Liability Threshold model) e stee asli! Jue
R 13l 5 5 Genetic Analysis Package (gap) (g4 3l
Sl 53 OB 51 ops o8 5s [YF] a2 03] cpais
IS Jole ol 5l e o ealinal (¢ p 50,5 S
55 Bloy il V] LSl 5013 6, S
b sl Sy Kl 0FFYYa L a \YVFY ol , (GRM)
[YV] as 4ele GCTA )l 58lp 5

ol Sola el o L (LMM) el L3 Jae—¥
Sl saes sl Joe ol 55 (GRM) w3 Ll
o (L SHk) pbcwd 5 (Comin 5 o) ol o e
w8 LMs={m},i=1..nj=1..0p,
basls 5 ol 3l sumsglas 5 4] i ol Lo a5 ez
Dl b e s8 ol 1 doe S il ol 555
Jae Sl Sy oola il az sslial oullsS
s en LSL gy Jb Cuer-ufj
Ll il G Lyl 55 & g=N(0,Go?)
PR

PO TR RV QT » S as w,xs y={y}i=01

Sopodh gl Dbyl Sl bl

3550 b olen 40l 5 ) pue Bv\*-ﬁs'é\*» s S
N LI | S CR S WY NE- P U
(MCMC) S cise sim GsSile o) S Cans
onla|

Copoh Cwsp Xem Jhe ol 3l

S5 amis @ ol s Sasl L Py = 116G) = (1)
w‘ vﬁ':- 69&..“.'/ "'“'A_ 9 (2T 5 C)y CL aMJQLZ‘J

q
N =p+ Z XikBix + Ji
k=1

ol KL dag e Ol 31 B s 51 oo 0 YL gl 5o

4 e e plis el o3 g8 (Sl 5101 ol Jule
a3 e3laial R 15310 5 53 BGLR aies 51 (6 5m S 5kt
b e S S sm Gl S5 slass kit cal 4 [YA]
Olse 4 58 ol Mgai Yoovee PR R I Bt SRR
Aol pimea oz a3 s s (Bum-ing) s
5 ¥ eyl 5 gae (Thinning interval) saxS s,

e S s analie (6l 5 oy 450300+ Culg 3 Az 4B 8

OAV

2 bl Gasle el 5l e Sl el S
Lo obs s oloe sln slaab sla o Sasm ool
S ol S0 s s ealial Gt (luploan
el @;quﬂ;\%mm. S golar Gl
el gl (sl > s Qrﬂ BINPRENY
&4 s ol 53 Jls sae Solsls el L ool sls
o RS P B T P IR PSR
Wt plelis 2l Mo ol B ple b 5 55 bl &S
IY¥]

Intra-class (ICC) b, o358 Soph oY
Gams bl 4 alaes 55kl 4 el s correlation
S askenel b ol s (slael it o (slas 030 (Soed
YY) a4l SAGE L3l 5 53 FCOR ) y2s
e s 53m3) 5 dmlona (5 aslosy 033 Qf“‘*“p-"
ol oo elamal 5o g calis 4 Ml 5 gl 55
2 5 Al sl 55 by b ol , ICC Jos
Bl G S s sne 6\-’\;\1«& & ol

(Sl aile gsesl s Siawzd §smm S5 Jae
(Sl amle 5 cals el ole DLl oLl sl
: sl sl (Indicator variable) essge e [l
(F conllly 5 (S JBlam 5 55 5 culis olen il (A
Solon 4kl (¥ ol 5 olsa 3 50 58 Cobis (len sl
ilis Gole il (F sl amsn ooy 55 5o g5 abs
Lol s i a s 4o plislinss 5o 50 g5
b e ool [YF] P50 (2l RO G 58 peasiaali
DUl st Sl 5 Nk Aalons TCGS ols (slassls
pae b (y=1) D) ol 31 colis Comdy il it b gl
doe 53 a2 el St o5 S5 Joe 51 (ly=+) Sal
Jela s Il Jae 1o ad 8 s s Blal ol L3l sl
e S e Jols 53 St 535 S olsie 4 4l e
Al asle 53 05328 ol 5308 (S 0y pasle
o by Jae o Shaw olsie 4 Sl sl Oz
th\Ayﬁd‘j'—\JfL?v"%#e-&gﬁéﬁéf&}
Solssme paw 53 sl (Wald’s test) Aly s3] mls
il Cos bl s ilg s as sl /0
a2 ) 5l me g 5 ligabl Alsls (OR)

Lo g ol ol cabcily gadedls
Linear mixed (LMM) aixwl Jas Jos 5o 3l ealizal
oSl (V) s r\.?d\ sl adse 5o Jelo models

a5 3550 5 (GRM) agis Jals, e 5l (V) csisley oo


https://koomeshjournal.semums.ac.ir/article-1-7397-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

VP oLl e ) ) 0 sles YF W

esS

Z

V0 5l 508 ) Sar sl (Gelman-Rubin) s, oalS
Y] s eolax

sk 5 anl s ol LI OV VS ST
o)Ll Al 5 bl (Trace plot) obs, bl pe

b ls asls (ygej]

Gh
R 58l 65,0 FAMAQY ains
Gisling> e (el
Solgls pozi
S.A.G.E 3l o5 ,s FCOR gm0 | (ICC) s, gy Som
ROI31 e 50 St g Sl aile a5l [
B M - |
] s e Srdy by <

2555 daslyy s yile

A

\

6o S

S¥glin g3 il

l

S 395 Lo 0 puzniy Coxd Camg y Sig
(MCMC) o5 cise

v

GRM ailns sl GCTA 5l ool

S5 il b gl s e
s

v

R 5381 s 5 ,0 Regress cai.

v

R i3l o 5 BGLR (saiy

v

gap atws 5l oolaul b o oy aibiw] Jas

R ey 50
sSEGREG ..ius sladas gile 4 5O O g0 glradl> B>
’ ’ . .
SAG.E il sy oshie M S v [ el L asbo s [ (S el
AG.E 365 - ' ’
6!43"“ JLo.'I.al s;,JLc o~ Q)l - ‘_Q < Jl rb-l-.’.)gﬂ|

o 5 325 351, ¥ 52

Loy Godm o ogdae (50 4 A5,
sty $olon by 6 s e Sl 4 e Jis!
Sl &S el (SSE s 50 e 4S5l
S8 ool 5550 ol 5 a5 a5 50 Sy s Silas
(Latent olgs ooy lo Slas 5l eslial b 5 5,8 o

OAA

3 §>\33L5- el amlbw Sl s SSE Jdes

(CSA) sazy SS& Jolos 5l cculis olon s pdycilys
ol 03 Ko I8 S5 sanl g LT aSin) o S shate &
et S ookl 3 L)l oy (ol ol 4Dl
Cao &Sepl Jod 5l ganlsd NG 5 Jue el 5l eslazad


https://koomeshjournal.semums.ac.ir/article-1-7397-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

OLSer 5 ool St sage

2 sl gl &l

5l sslin s Gbrs) (Sted ol 3l sl
55 61 s 48w eslinad wslgle Wyl o ICC Lasls
oS Glisligsa 5 o lasai cnl 5o 5 S SISl
GARS 5 SR A el Gl sl s Lol Ll
— Al sl g e a late (i A (St ed Ol e
SN dug;{:“fp“ rl pogde g g 5 s
oty lagme (o 250) plailis; b b olole ol o
sanlie ey 0553 L 5oy ol sl ine (St g Ll el
A
Llisl esp 0 Ssn ) 05 55 B ¥ Jsun
33 e onl 53 s 53 g by olen b Sulsls b
9 o e el ol Jae sz ol 2]y ikt Joe
0530l (G e pasli o sla e iy pss Joke
O pan dile p sl ¥ o3 a8 ksl (s a8 (S gt
Ok o b dae ool s Moy ead Jaws B )0
ol olaw a4 Ml usla s Qb)) 58 Cois S8
s el 4 e Lagl pdly 51 S Jolas oS 0 31 s
Jol Jae s i caimals Wl cpilly o Lol 4
5 ORmotett=F/\% 5 Cl: (Y/\F 5 $/-A) L L, 55 5
obs &l 5wl 55 ORmogerz=¥/\\ 5 CL: (\/YY 50/4Y)
S 3 oz (P</00) i Sl gas pes Jae o
XS ol Bl ay s azmals ase ol 5 s Ky sl
Solem 4 Ml 53 6 VL il camals (Il ol 5 alss
ORmoderz=\/50 5 Cl :(\/Y0 5 Y/80)) %,ls 53 ¢ 5 <ol
@5 a2 o5)e (ORmoden=V/4Y 5 Cl: (V/+Y ,£/5%)
olas Iyl am s o 3 cubs ol Sl Jeols
Meee byl gl amyo o&as 31 S Jolam & g3l 3l ans oo
Pl oS ol 3l 4 ond it s o olen
2l 63 55 Mo s (ol & g sl az s o8y )
(Y/+0 5 0/VY) ORmogez=Y/A¥ 5 Cl: (\/\Y 5 0/-\))
Mol il &S sanlie iz o (ORmogen=Y/4A 5 Cl:
Calis 4 Mt 93 da s O b g3l 31 s olis ole &
Colis olan & Wawn 253 am s ooy Sl 3l 4
AORmode1=Y/Y+ 5 Cl: (\/#Y 5 Y/AA)) 55 5 e £5,)0
T B LI R S P S\ | ES CORIN
Sy sadlls JBasSeS e gle o 5 gy b
Jolo gl 0wl LT 13553 ol S e 2,18
ol Sl cote aile 5 Sl sl ;5‘*“;'-“ o)
P-value<- - - 1)) sibling ols 5 5V (Keegen 45 5l
N 1CChrother-brother=+/\ ¥ D) ICCsister-sister=+ /\ ¥

P-+/-0) x50k a4 cuwws (ICCorothersiser=+/Y#

OAA

Gaelo za Wbl 5 G Jas &= {genotype marker)
S o g pats 6 5d oo ol o saalin
Akaike’s information (AIC) ST el e
olse 4 AIC luds Cﬁ;rs L Jaw 5 o solazdl criterion
Pl S e o 5 15 s pdilss 6 S e o e
sgiwed b edlad Uy CSA Luy L o V-] wa
¢35 3 sy 253 SAGE LIl 5> SEGREG
Shoslinad b oy CSA (ol =) 51 18 pskate nl 4 [YY]
(Elston-Stewart - algorithm) <) szl 2l 25,831
59 [V ] oS Gl 1) elio i 55 3 5 50 (LOOP) (glaail>
CaosS 05t & S ke o8 8l 50 L Jae gy e
350 03 2B b ‘*‘;C“" O Jol Jde i sals 53l
Slr S5k S Su s as el 25l ol eSS S
oS sadae oo Ko Joe e az s 8 b 55 (g olen
W s oskie (L bl des Sl ol sl ol
sl ol 4 g HUssl 550 gl T Jlisl | aes I
4 A T Jusl Juasl BB 5 AB AA sbacubgs )
e Jsl a8 Joe pl ol cd s 5 /000N e s
Slals ol 5s oS azels 25l 5,8 s 1) ol

[PN] A8 e 55 Jate 56 51 b T

ol bkisas (S5 e 5 Kbl Spes sla S5
adlas 3550 53 VYV Gl as SL1Y Jous 5o Couis
a5 5,0 (0o, 00) LB VEYY 5 o5 (hoys FO) i £\
Fo/OVEVV/EY 5 YA/ OENO/VY e ogie b s 5
o 48 a b e ol 5o S0 ol s s Jle
Solssme BMaxl gls e s 03 L oile Bl 51 Luals
2 S ey pasle Sike (i er (P<H /0 0) wals
Slas Ll (P</40) 55 0l 4 s 5505 Lluie pls e
Die s 5 4y o SSln Lsb 4 015 55 S st 555
(P<-/-0) cusls g 508
sl s Sbla,l 5 asbio ma SN Y Jyus s
el ol ool s sals olas 2 5 Jol sam s
aals ppmer s YYYEY/OV (0 Ske | ool 5 vYOY
YOAY i Jatie oS 55 s YV ) ) Lasl slaw &l s
— 2lea YOY 5 (6,8 S anl gl FAYD 5 aids O Lo i
el diag (V Sl 5\ Jslas N/ FAE-/VE) (g0l
WOVA) Jol amss sdislin s o5 VFoYe slaw ol
T35 0FVO sluw 5 (ol ol YONY (pluis b bl

55 0t 5l addllae opl s p93 4z N sy 5>


https://koomeshjournal.semums.ac.ir/article-1-7397-fa.html

VP oLl e ) ) 0 sles YF W e sS

S =% ol 3l O 9 (ICChmother-offsprings=+/\ Y svalue<
RORIES S99 (ICCrather-son=+/- 0 P-value<-/-0)

(G 33 3) iz by (BUSES L ao 5 bl N Sy

Sl s M=) o (N=VYEYY) 040 JUE
<efe e Yal- 0 £VO/VY 0¥ £ VVIFY (o) oy
<efeee Y#/AY + O/AY YOIYY £ ¥V Kg/IM2) Sos ey ol
<efeee VVEIYO £ Y /YA VYAIOZ £ VAN 0 MMHQ) S g (o5 ,Lid
<IAY ey £ YY/Y - A8IvF £ YAIYS (MMOI/L) sl g5 o
<efeee VWYIVY £ 0./YF AARVARIE=A 7A 0% (MMOI/L) aels ¥ 95 03
<efev e YOr(-/+¥) YWY/ Y) (22,0 5 olawd) Cubo s slag,lo B pae asiles
S 0303 Ly (oS it (5l (Shxe gl )51y WAl (B3 00 5 Sl ey (S i 5 lore Bliomil g eSilis i (oS e
285 plol 5l G (gl Lawgs (A5 pite slp g JEus SeS

" 0.4 | 100001
0.3
<0.0001
03 g
Jd 025 p<0.0001
- <0.0001
2, 0.2 p=0.0025 p
a
D
2 015 p=0.0413
9 01
o L
0
290y 50les 292500y Plgs:y2lgs giydle Fsoryele iy
(295 1W5+) (335 5%%) (233 5A%) (z351339) (233 A58) (235 10A%)

SIS S0 5108y (90 (Smmod b Solsils WLyl glgil

WAl )55 s pre sl Siaoped il Hloges (pl )0 . Solgls  Siwsed oo o Hlaae VS

Ol Sdgliogs s )5 Sy (6 andllas ;o 0aisS &S 10 5l addllas 5,90 slroolgls o by saislines ) Camdg ¥ Joo

Slass sgling> zs) 0 o=
YYONVA 935,81l
1454 Sl - ales
Jol a0
444 Sl =00y (3 YOVY) ol —,0les
V7. J.Q|9> —)d‘ﬁ
Yvay oy Syl - I,
VFYY ool ,algz —oalyol pldes —als —goc - gl
£9° 472
Yo 5L yoly - yales
fYf 0oly Al wooly dae ( old B b 210 s cgas O L gof

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

oA


https://koomeshjournal.semums.ac.ir/article-1-7397-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

OLSer 5 ool St sage

2 sl gl &l

39 65 s slan b (Folils il L5l ) ¥ Jpir

5 O S e
o v alols S | gro gl | alols S | gime alolé Coms | Joe Ml Camsg
Gl | oliabl | oels | | olmebl | oele |l | olaebl | els
ez | o palls
571+ A) BN Y) AY N Jos
<efee e | e ¥IVY R /0
N¥ RV RV 0 | < Joes
Ay Y YA S s o2l
) 9 A oo | i
dgevy |7 Yy | eess |7 BIAY vy | ° | Y -
RN (FIAA O/0) ™
& | oo ol
<efee YAy | ey VIV Jooy YIYA
IR ONY OFY 0 | < Joles
YIS0 VA NG S s ol
150) YA V) oo | M
dgeve | ° vse | oonee | ° R vy | ? vay |9 -
QAN Y \IYs )
&y oo
5 OIVY) SF/AY) 5 OIV) Jos
<efee YAA | efeey YIFY R YV
/0 OV/FY 05y O | K Pl | 4o oK
YY) ¥IY1) YY) v | S s | e
gy | YAE | ey | ° YA RV e | Y -
ONY -INY (/%4 ™
&y oo
Y 12A) A S TIVE) Jos
AR Yo | ooy YEE | v Y/
RV ON- OV O | S Pl | 4o oK
) YI¥Y) ¥ YY) oo | S i | Se o
vy | dea | oepesa | ? wy | oenvs | ° e | Y ” ’
¢ (/59 ¢IvY ™
dil el ¥ (g3 08 dBG 395 0 S giames (335 )Lt i 0055 L pms yrie b oo uas 1pgd e «cpms yeie by pokss 2 gl Joke
Cubo ws (g5l B ras

S iy Hlade 5oz eslizal solas adl 46 o)l 52 4 GRM
a i (SE=+/\8) sz o5l aoss OV L L,
(Sporadic  g5ae Jae aS sl olas CSA o 5l Jols
seab bdus ple 4 cows ¢ 5.SAIC i polygenic)
<ol olew g pdycisly &S sl e e socn) )

25 TCGS BauSeS s 3 53 g5

GIF:9.321
mean kinship: 9.3¢
p-value 0.042
affect count: 703
ctrls count - 3037

40000
I

Density
30000
|

20000
I

10000
I

T T T T T T T
0.00005 0.00006 0.00007 0.00008 0.00009 0.00010 0.00011

Mean kinship

ol s et ls el ass F JSs

AR

e S samaplss (G mlizls asla o)
TCGS boslils Lo culs olan Ll gme Solsls
ol bl cul 5 (G=4/YY P-value=-/-YY) azl .
el 5l 3 sty g (o Jloie o Sils sbay oS
39 Fote M 53 ook el gl 5w 55 ol
ol 2 Nl e o33l Az (P s
e b osalsl Yoo kSl olas TCGS pBuses s
s 3 pm s cobs olen b BLisl s e 5 B Solsls
g sl S o3l 8 ole ol 4 (P-values<. /- )
g ol Fe ol gl 5l ks g s WG Sl
ol Al pe b avseal Jue el s pdocdlyy lade
2 b o g il Jure ool 5 gaisliy 53 5l
(SE=+/+¥F) ao)s FO ol 20,0\ pous 5 K
00 Ol ) oo, £O a8 ol ol Hlude cpl s asl
il Bl (S5 Gebols 4 lse b cubs olen 4 Ml
& Je ol Lol cwws (Additive genetic variance)
Jae 5l el 3l e i3 Sl Sl eslinal b 5585 w2 shate
55 5 53 L (BGLR) (i aslmens i o S,


https://koomeshjournal.semums.ac.ir/article-1-7397-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

VP oLl e ) ) 0 sles YF W

Sl & ol cnl 5 Ad ) edd sl pa Ll
Jsl amos plaislay s 5 Laosl e el (plsy 3= cpdlly
adllan Sy s tamed ad GENE /FA 5 /54 RV
Ster ol s 4 5 dOR=V\/Y) casls 1)l
sodke [YA] 25 YL (OR=£/V) i) 5 — sl uf/a\jsb'-
S)ls g5l j.;;\.; vf;\,l\:’- Cate dslee &S a2 00y glis )
[¥a]

vg.\‘y\;— M\M O 0D el r\:u‘ d,.bu Pr u‘-‘-"r"
‘u.v| B aj))\.c [\c’] Sl U"'J‘ij"’ 93 ty w\aé szLu.’
s oS s 5o olske w5 g5 b oolan Jla)
clls 53 2 4 glaesl S s s £t o] Gib 4 e
s 31 (S8 oS 35 53,5050 3l 5t Sl N3 Yase ]
03 AB 6J<e.-’ adlas 5o [FV] g e colis & ooyl
Sotn Db 600k 32b 5l ol ol Jlasl YV L
adllas 51 goline s o pmy ool b [A] 55 oo Jlasl 5l
S o sl ol e ‘QT S 2ol Sty 5aSL s 4l
B [YY] (M)JY? J.:\.n.a P M)JVY/) w\ 6).)\.4 J\.M\ )\
Slr 50 g5 ol Golaw Solsls pani (g2 saCunen
o 5 oped 4 [FY] 02 5,50, ORTOtAl=5/Y &y aen
by oles 6?3‘33\5- faa] Olas s ;\zb adlas S s
ol Jas oz [YY] ol a2l 8 BB &
[ u’;)bf )‘Q@AA _,... O S e ) k_;4,(.1.3 a\;JUa.a B
[F0] el

53 Tk 5 Sl adllae S LK 5 55
5 9 5 by Ol (S3 s s s adcilys 55
@l S8 i Yeve Jl s (SSA) s sl 5
g;"‘ﬁjl"' ) Sahcslyy &8 ol las sdal sy
RO [T ) PRSI O JIPEY OSSP
T U R R PN R SN SR
Sl helosir ©)50 4 90 g olis Hlan s bzl
[¥7]

iz (banaxr 55 53 £ 5 Selis Golan ©ak iy
andllas B [\\‘] Sl gn 03] (eSS Moo ALY o
jé\.ﬂ.&jf "\“)"g_{‘ LR J)}Tj V- 70 )\.,\.u u;‘ ;Jé\.‘»
s el Ghol s sl Gl o s sdel Cawnds SV
Wl 5 [F7] ol 2ol VL ol 51 s2b 5 e
L] el oLl plis 53 6ﬁ<j‘ PRETC YL ol
e ol Ly 5 ( Sol sl pas ant oo adllas o
sl 5 alss o Solsle mams 5 cud o3y oluss 3
JGl 5550 50 09 assly u.u\JS‘ Jol a0 QK?..Q 35 S

oAy

(SN o e 3psln S b ol adlas

g el Solen g p il s bl s s ahesls
o5 adlllas ol 505 Pl TCGS BASeS 8 o 5o 5
Gl (Solgs Saer ool 5 eslimd b Solgls
B o250 (G izl 2 ls 5503 5 Salsls
5 Nl el eled kil ol a8
Jobos culg L3 s 4wl (GRM) a5 Jails, e 5l
iy S o)l (CSA) eimy S
i sls oLz Gl e el s plnil o 5 culis ol
On 0% 99 g5 el Solew Sl s LB Solsls Faci
SSolsle Seyn B 315 5y s TCGS (Eucses
WS el o) Ry 93 £5 Cales olaw 5o (Solsls aisle
s sy Ll s e s VL (Sees
9 g5 by lew Gl el me g pbdl)
3o S5 Jobos @5 el esdle ol censay h2=2 /50
Solaw 4 Ml sl otn mile 45 ol ol S
b Ay K bls Jlas 48 ool 3l gl 0 75 ol
Bl oS Gloy Jhas o S ok a4 )l sy e
PO I P U I  CHWD VRGN JE VP ES TR LCW B
Al a8l sl cals

sl iy sl skt 4 sladlas 58
Siteep 3550 5 Gl gsa3) ) eolisnal & (Solgls mams
obis ol Gl il s sl s aes 6l Sol5ls
Ol xS ol sazs ol Slal Comer L3 55 5
g5 by olew 2 hdl)s G bl sl soame
adllas Ll [YO-YY] cul snz bl olem ul w5 5o
Skilos o 555 50 &S ol Sladllas sl Lo\
N 05 S Sy 9 g5 el ol

5% 9285 Calid Golan ot ST LS laallas o
Sypo TCGS BaiSes i om 55 5 Ko a2 oS
& Cals olam ol 3 cn it S az sanlin oy a8
o33 =0y Lol 51 e s 0ol = ol s> 4 Glata 5
cobs w el s WS el ) ar s A 4SS )] e
253 YA K55 olen o) 4w i 2 i 48T SU5
SO0l S 5o sodmie Sldllas [YF] il sas 2,1
22 9 fs by olew kil s Solsls s
S sl 5 Ty addlan gl el 0 ol e
b ool ol 8 4 oha 5 olele 5l ol sl s
cadllas s [FV] ORLsL=¥/¥ 5 OR,4=F/0) s,ls
plai sl 90 F5 s olan s ndycil) s Biobank UK


https://koomeshjournal.semums.ac.ir/article-1-7397-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

Q‘)&AJ" 9 ag\)ﬁ_ﬂ S

2 sl gl &l

wols 055 S5 deCODE (Reykjavik, Iceland) S
N s Sy s il oBas culg e
d Sy pske sl s050 08 pake geaSiiny
el Jols pampy Ol 5 b el o)y aag

Al e

O S 395 | yudts 9 S )i

wan el adlae sl b5 o) weoly S sage

Lesy mosls o e adyl b 2,155 gy il
Lol oy e JUs L i CL"’ alyly besls Jloo: 2L,
Sl oLk nby s dle adyl a0l 5 ple
e a5 eyslie 1l olae, Lis o8 s
ol adlae >l b i e a3 b e G 5 ol
Ale Gl 5 B abl s peasy Sldss e
S ey o) adllae ol b 5l oLl e
rasie plaie a e ), s B all s s o)

C.gUuo

[1] Karimi R, Nezhadali M, Hedayati M. Association of
visfatin gene polymorphism rs4730153 with anthropometric
characteristics, visfatin level, insulin resistance and lipid
metabolism in Iranian diabetic/pre-diabetic population. Koomesh
2021; 23: 541-547. (Persian).
https://doi.org/10.52547/koomesh.23.5.541

[2] Mtiraoui N, Turki A, Nemr R, Echtay A, Izzidi I, Al-Zaben
GS, et al. Contribution of common variants of ENPP1, IGF2BP2,
KCNJ11, MLXIPL, PPARY, SLC30A8 and TCF7L2 to the risk of
type 2 diabetes in Lebanese and Tunisian Arabs. Diabetes Metab
2012; 38: 444-449.
https://doi.org/10.1016/j.diabet.2012.05.002
PMid:22749234

[3] Hosseinpour-Niazi S, Bakhshi B, Zahedi AS, Akbarzadeh
M, Daneshpour MS, Mirmiran P, et al. TCF7L2 polymorphisms,
nut consumption, and the risk of metabolic syndrome: a
prospective population based study. Nutr Metab (Lond) 2021; 18:
1-11.
https://doi.org/10.1186/s12986-021-00542-7
PMid:33436000 PMCid:PMC7802263

[4] Khan IA, Poornima S, Jahan P, Rao P, Hasan Q. Type 2
diabetes mellitus and the association of candidate genes in Asian
Indian population from Hyderabad, India. J Clin Diagnos Res
2015; 9: GCO1.
https://doi.org/10.7860/JCDR/2015/14471.6855
PMid:26673680 PMCid:PMC4668434

[5] Zahedi AS, Akbarzadeh M, Sedaghati-Khayat B,
Seyedhamzehzadeh A, Daneshpour MS. GCKR common
functional polymorphisms are associated with metabolic syndrome
and its components: a 10-year retrospective cohort study in Iranian
adults. Diabetol Metab Syndr 2021; 13: 1-10.
https://doi.org/10.1186/s13098-021-00637-4
PMid:33602293 PMCid:PMC7890822

[6] Alharbi KK, Abudawood M, Khan IA. Amino-acid
amendment of Arginine-325-Tryptophan in rs13266634 genetic
polymorphism studies of the SLC30A8 gene with type 2 diabetes-
mellitus patients featuring a positive family history in the Saudi
population. J King Saud Univ 2021; 33: 101258.
https://doi.org/10.1016/j.jksus.2020.101258

[7] Daneshpour MS, Hedayati M, Sedaghati-Khayat B, Guity
K, Zarkesh M, Akbarzadeh M, et al. Genetic identification for non-

oAy

0o Sl cal et ollas b plis el el
arlone pdlly ) al8las b a4 cpdlly Jlas) adlae o)
Olalllas b addlas opl e ally JUiml Sl L 5) Ll el oass
ol azzls cille L3

Sheas e oMbl sl ¢ Al b adllas opl Wou
Pl 1484 L5l Sl el e s S o addlas
S el V,:\ B u\.n.&.?v t}: V,:\ ‘_;Lhw.:a)).m el o0
Vbl s e plaes Gy Son s S L)
YA IRCHW RN [ QU VO PR "t O PR < S o
s sazme o e g elie G250 5y ol Ao
ETSITIS [P G TR QPR PR TSP R PR
Comazr > S ahlos 33 255l Sl S s SedS
s ity S ass]  enl Ll il sai sslazal o) 4
Cums 5 Sl (Family-based heritability) ool gls
andllas opl 53 a8 o g pdcdls len b ol 31 bl
3 gl p A 5 ‘u"f\“‘ ] AQ;)JJTJ{U;&,H \) Sl J.E.).A
Jig..) <ol b, 5l eslaal L G o) Oladlas s
5 (Genome-based heritability) s 55 » we g2 bsl,s
Comax cnl 53 55 (SNP-based heritability) SNP ;.
Slie 3551 5 e 22V S ol S5 [FAFV] 55 5550
Cudgamme 35 8 ab)) Sl Camen o °-’“~"p§ Skl
9 0 67..\4: — sl 3! A}Jf aS g opl anflas o) Ji[.s
D3 w9 gal s ol J,J.s R W M;Jky BY) r,J\.w sl 3!
ol sl iy cp) cols Sleas S5 i as elad  aSepl Jl
2 Sl pa3 535 Gt Sl 5 Wl 058 53 5 1,
TP TP

Solan S ab il &S 35l Grbow onl Are 4Bl
S ot ol G L3 ik S L 5 s b
e " RO P < W
N R P e N T
Jole e il Ol Jole Salsls awle Bld 5l
B3 e olis andlae ol At Ll ol ol 4 Dl J£>
b ove m\)s\.;. CL.H 4 8o CL'“ 3

I3 9 S

5 OBuSES e salS 6, Sl hanl s deseny

5 S5 JWS (TLGS) g aed 5 43 sadllas oS,
ols a=ly obBea ) O b .(..,u\: Lo Sla,
ol A 00 o8 sl 50000 28 psle oSty
S e Jls e coles 1S e S5 aleses 55 s


https://doi.org/10.52547/koomesh.23.5.541
https://doi.org/10.1016/j.diabet.2012.05.002
https://doi.org/10.1186/s12986-021-00542-7
https://doi.org/10.7860/JCDR/2015/14471.6855
https://doi.org/10.1186/s13098-021-00637-4
https://doi.org/10.1016/j.jksus.2020.101258
https://koomeshjournal.semums.ac.ir/article-1-7397-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

VP oLl e ) ) 0 sles YF W

esS

[23] Rainer J, Taliun D, D'Elia Y, Pattaro C, Domingues FS,
Weichenberger CX. FamAgg: an R package to evaluate familial
aggregation of traits in large pedigrees. Bioinformatics 2016; 32:
1583-1585.
https://doi.org/10.1093/bioinformatics/btw019
PMid:26803158 PMCid:PMC4866523

[24] Team RC. R: A language and environment for statistical
computing. 2013.

[25] Ramezankhani A, Harati H, Bozorgmanesh M, Tohidi M,
Khalili D, Azizi F, et al. Diabetes mellitus: findings from 20 years
of the Tehran lipid and glucose study. Int J Endocrinol Metab
2018; 16.
https://doi.org/10.5812/ijem.84784

[26] Zhao JH. gap: Genetic analysis package. J Stat Softw
2007; 23: 1-18.
https://doi.org/10.18637/jss.v023.i08

[27] Akbarzadeh M, Dehkordi SR, Roudbar MA, Sargolzaei
M, Guity K, Sedaghati-Khayat B, et al. GWAS findings improved
genomic prediction accuracy of lipid profile traits: Tehran
Cardiometabolic Genetic Study. Sci Rep 2021; 11: 1-9.
https://doi.org/10.1038/s41598-021-85203-8
PMid:33707626 PMCid:PMC7952573

[28] de Los Campos G, Vazquez Al, Fernando R, Klimentidis
YC, Sorensen D. Prediction of complex human traits using the
genomic best linear unbiased predictor. PLoS Genet 2013; 9:
€1003608.
https://doi.org/10.1371/journal.pgen.1003608
PMid:23874214 PMCid:PMC3708840

[29] Gelman A, Rubin DB. Inference from iterative simulation
using multiple sequences. Stat Sci 1992; 7: 457-472.
https://doi.org/10.1214/ss/1177011136

[30] Ziegler A, Konig IR, Pahlke F. A Statistical Approach to
Genetic Epidemiology: Concepts and Applications, with an E-
learning platform. John Wiley & Sons; 2010.
https://doi.org/10.1002/9783527633654

[31] Go RC, Elston RC, Kaplan EB. Efficiency and robustness
of pedigree segregation analysis. Am J Hum Genet 1978; 30: 28.

[32] Zavala C, Morton NE, Rao DC, Lalouel JM, Gamboa IA,
Tejeda A, et al. Complex segregation analysis of diabetes mellitus.
Hum Hered 1979; 29: 325-333.
https://doi.org/10.1159/000153067
PMid:511188

[33] Green A, Morton NE, Iselius L, Svejgaard A, Platz P,
Ryder LP, et al. Genetic studies of insulin-dependent diabetes
mellitus: segregation and linkage analyses. Tissue Antigens 1982;
19: 213-221.
https://doi.org/10.1111/j.1399-0039.1982.tb01442.x
PMid:6979813

[34] Turner RC, Hattersley AT, Shaw JT, Levy JC. Type Il
diabetes: clinical aspects of molecular biological studies. Diabetes
1995; 44: 1-10.
https://doi.org/10.2337/diab.44.1.1
https://doi.org/10.2337/diabetes.44.1.1
PMid: 7813802

[35] Hanson RL, Elston RC, Pettitt DJ, Bennett PH, Knowler
WC. Segregation analysis of non-insulin-dependent diabetes
mellitus in Pima Indians: evidence for a major-gene effect. AmJ
Hum Genet 1995; 57: 160.

[36] Ramezankhani A, Guity K, Azizi F, Hadaegh F. Sex
differences in the association between spousal metabolic risk
factors with incidence of type 2 diabetes: a longitudinal study of
the Iranian population. Biol Sex Differ 2019; 10: 1-8.
https://doi.org/10.1186/s13293-019-0255-5
PMid:31439024 PMCid:PMC6704543

[37] Swan HJC. The framingham offspring study: A
commentary. J Am Coll Cardiol 2000; 35: 13B-17B.
https://doi.org/10.1016/S0735-1097(00)80065-0

[38] Lyssenko V, Groop L, Prasad RB. Genetics of type 2
diabetes: it matters from which parent we inherit the risk. Rev
Diabet Stud RDS 2015; 12: 233.
https://doi.org/10.1900/RDS.2015.12.233
PMid:27111116 PMCid:PMC5275752

[39] Uusitupa MI, Stanc¢akova A, Peltonen M, Eriksson JG,
Lindstrom J, Aunola S, et al. Impact of positive family history and
genetic risk variants on the incidence of diabetes: the Finnish
Diabetes Prevention Study. Diabetes Care 2011; 34: 418-423.
https://doi.org/10.2337/dc10-1013
PMid:20980412 PMCid:PMC3024360

DAY

communicable disease: Findings from 20 years of the Tehran Lipid
and Glucose Study. Int J Endocrinol Metab 2018; 16: e84744.

[8] Gopalakrishnan S, Geetha ARU. Study on the impact of
family history of diabetes among type 2 diabetes mellitus patients
in an urban area of Kancheepuram district, Tamil Nadu. Int J
Commun Med Public Health 2017; 4.
https://doi.org/10.18203/2394-6040.ijcmph20174819

[9] Guttmacher AE, Collins FS, Carmona RH. The family
history-more important than ever. N Engl J Med 2004; 351: 2333-
2336.
https://doi.org/10.1056/NEJMsh042979
PMid:15564550

[10] Najafipour M, Zareizadeh M, Najafipour F.
Epidemiologic study of familial type 2 diabetes in Tehran. J Adv
Pharm Technol Res 2018; 9: 56.
https://doi.org/10.4103/japtr. JAPTR_228 18
PMid:30131938 PMCid:PMC6078007

[11] Whitford DL, McGee H, O'Sullivan B. Will people with
type 2 diabetes speak to family members about health risk?
Diabetes Care 2009; 32: 251-253.
https://doi.org/10.2337/dc08-1200
PMid:19017768 PMCid:PMC2628688

[12] Balkau B, Roussel R, Wagner S, Tichet J, Froguel P,
Fagherazzi G, et al. Transmission of Type 2 diabetes to sons and
daughters: the DESIR cohort. Diabet Med 2017; 34: 1615-1622.
https://doi.org/10.1111/dme.13446
PMid:28792638

[13] Prasad RB, Groop L. Genetics of type 2 diabetes-pitfalls
and possibilities. Genes (Basel) 2015; 6: 87-123.
https://doi.org/10.3390/genes6010087
PMid:25774817 PMCid:PMC4377835

[14] Doustmohamadian S, Kia NS, Fatahi S. Associated
factors of poor glycemic control in Iranian diabetic patients TT,
Koomesh 2021; 23: 372-378. (Persian).
https://doi.org/10.52547/koomesh.23.3.372

[15] Alharbi KK, Al-Sulaiman AM, Bin Shedaid MK, Al-
Shangiti AM, Marie M, Al-Sheikh YA, et al. MTNR1B genetic
polymorphisms as risk factors for gestational diabetes mellitus: a
case-control study in a single tertiary care center. Ann Saudi Med
2019; 39: 309-318.
https://doi.org/10.5144/0256-4947.2019.309
PMid:31580701 PMCid:PMC6832319

[16] Yap CX, Sidorenko J, Wu Y, Kemper KE, Yang J, Wray
NR, et al. Dissection of genetic variation and evidence for
pleiotropy in male pattern baldness. Nat Commun 2018; 9: 1-12.
https://doi.org/10.1038/541467-018-07862-y
PMid:30573740 PMCid:PMC6302097

[17] Yang J, Zeng J, Goddard ME, Wray NR, Visscher PM.
Concepts, estimation and interpretation of SNP-based heritability.
Nat Genet 2017; 49: 1304-1310.
https://doi.org/10.1038/ng.3941
PMid:28854176

[18] Konigsberg LW. Quantitative variation and genetics. In:
Human Biology: An Evolutionary and Biocultural Perspective:
Second Edition. John Wiley Sons 2012; p. 143-73.
https://doi.org/10.1002/9781118108062.ch5

[19] Daneshpour MS, Fallah MS, Sedaghati-Khayat B, Guity
K, Khalili D, Hedayati M, et al. Rationale and design of a genetic
study on cardiometabolic risk factors: protocol for the Tehran
cardiometabolic genetic study (TCGS). JMIR Res Protoc 2017; 6:
e28.
https://doi.org/10.2196/resprot.6050
PMid:28232301 PMCid:PMC5344981

[20] Azizi F, Madjid M, Rahmani M, Emami H, Mirmiran P,
Hadjipour R. Tehran Lipid and Glucose Study (TLGS): rationale
and design. 2000. (Persian).

[21] Buse JB, Wexler DJ, Tsapas A, Rossing P, Mingrone G,
Mathieu C, et al. 2019 update to: Management of hyperglycaemia
in type 2 diabetes, 2018. A consensus report by the American
Diabetes Association (ADA) and the European Association for the
Study of Diabetes (EASD). Diabetologia 2020; 63: 221-228.
https://doi.org/10.1007/500125-019-05039-w
PMid:31853556

[22] Elston RC, Gray-McGuire C. A review of the'Statistical
Analysis for Genetic Epidemiology'(SAGE) software package.
Hum Genomics 2004; 1: 1-4.
https://doi.org/10.1186/1479-7364-1-6-456
PMid:15607000 PMCid:PMC3500199



https://doi.org/10.18203/2394-6040.ijcmph20174819
https://doi.org/10.1056/NEJMsb042979
https://doi.org/10.4103/japtr.JAPTR_228_18
https://doi.org/10.2337/dc08-1200
https://doi.org/10.1111/dme.13446
https://doi.org/10.3390/genes6010087
https://doi.org/10.52547/koomesh.23.3.372
https://doi.org/10.5144/0256-4947.2019.309
https://doi.org/10.1038/s41467-018-07862-y
https://doi.org/10.1038/ng.3941
https://doi.org/10.1002/9781118108062.ch5
https://doi.org/10.2196/resprot.6050
https://doi.org/10.1007/s00125-019-05039-w
https://doi.org/10.1186/1479-7364-1-6-456
https://doi.org/10.1093/bioinformatics/btw019
https://doi.org/10.5812/ijem.84784
https://doi.org/10.18637/jss.v023.i08
https://doi.org/10.1038/s41598-021-85203-8
https://doi.org/10.1371/journal.pgen.1003608
https://doi.org/10.1214/ss/1177011136
https://doi.org/10.1002/9783527633654
https://doi.org/10.1159/000153067
https://doi.org/10.1111/j.1399-0039.1982.tb01442.x
https://doi.org/10.2337/diab.44.1.1
https://doi.org/10.2337/diabetes.44.1.1
https://doi.org/10.1186/s13293-019-0255-5
https://doi.org/10.1016/S0735-1097\(00\)80065-0
https://doi.org/10.1900/RDS.2015.12.233
https://doi.org/10.2337/dc10-1013
https://koomeshjournal.semums.ac.ir/article-1-7397-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

SlSan 5 03l 8] soge

2 sl gl &l

among Omanis. Oman Med J 2014; 29: 51.
https://doi.org/10.5001/omj.2014.11
PMid:24498483 PMCid:PMC3910414

[45] Bener A, Yousafzai MT, Al-Hamag AO. Familial
aggregation of T2DM among Arab diabetic population. Int J
Diabetes Dev Ctries 2012; 32: 90-92.
https://doi.org/10.1007/s13410-012-0071-5

[46] Asamoah EA, Obirikorang C, Acheampong E, Annani-
Akollor ME, Laing EF, Owiredu EW, et al. Heritability and
genetics of type 2 diabetes mellitus in sub-saharan africa: a
systematic review and meta-analysis. J Diabetes Res 2020; 2020.
https://doi.org/10.1155/2020/3198671
PMid:32685554 PMCid:PMC7352126

[47] Yang J, Benyamin B, McEvoy BP, Gordon S, Henders
AK, Nyholt DR, et al. Common SNPs explain a large proportion of
the heritability for human height. Nat Genet 2010; 42: 565-569.
https://doi.org/10.1038/ng.608
PMid:20562875 PMCid:PMC3232052

[48] Akbarzadeh M, Moghimbeigi A, Morris N, Daneshpour
MS, Mahjub H, Soltanian AR. A Bayesian structural equation
model in general pedigree data analysis. Stat Anal Data Min ASA
Data Sci J 2019; 12: 404-411.
https://doi.org/10.1002/sam.11434

04

[40] Li JK, Ng MC, So WY, Chiu CK, Ozaki R, Tong PC, et
al. Phenotypic and genetic clustering of diabetes and metabolic
syndrome in Chinese families with type 2 diabetes mellitus.
Diabetes Metab Res Rev 2006; 22: 46-52.
https://doi.org/10.1002/dmrr.577
PMid:16021651

[41] De Silva SN, Weerasuriya N, De Alwis NM, De Silva
MW, Fernando DJ. Excess maternal transmission and familial
aggregation of Type 2 diabetes in Sri Lanka. Diabetes Res Clin
Pract 2002; 58: 173-177.
https://doi.org/10.1016/S0168-8227(02)00152-3
PMid:12413776

[42] Rahim M, Rahim M, Rahim M, Sharafat S, Shaikh Z,
Mamsa S, et al. Maternal and paternal transmission of diabetes:
influence of nutritional factors. J Diabetes Metab 2015; 6.
https://doi.org/10.4172/2155-6156.1000504

[43] Anokute CC. Suspected synergism between
consanguinity and familial aggregation in type 2 diabetes mellitus
in Saudi Arabia. J R Soc Health 1992; 112: 167-169.
https://doi.org/10.1177/146642409211200403
PMid:1433147

[44] Al-Sinani S, Al-Shafaee M, Al-Mamari A, Woodhouse N,
Al-Shafie O, Hassan M, et al. Familial clustering of type 2 diabetes



https://doi.org/10.1002/dmrr.577
https://doi.org/10.1016/S0168-8227\(02\)00152-3
https://doi.org/10.4172/2155-6156.1000504
https://doi.org/10.1177/146642409211200403
https://doi.org/10.5001/omj.2014.11
https://doi.org/10.1007/s13410-012-0071-5
https://doi.org/10.1155/2020/3198671
https://doi.org/10.1038/ng.608
https://doi.org/10.1002/sam.11434
https://koomeshjournal.semums.ac.ir/article-1-7397-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

Koomesh -Volume 24, Issue 5 Sep and Oct 2022, 584 - 595

Type 2 diabetes heritability in the Tehran families: Tehran
cardiometabolic genetic study

Mahdi Akbarzadeh (Ph.D)?, Danial Habibi (Ph.D student)*, Nadia Alipour (Ph.D student)!, Parisa Riahi (M.Sc)?, Azra
Ramezankhani (Ph.D)?, Fereidoun Azizi (Ph.D, M.D)3, Maryam S Daneshpour (Ph.D)™

1- Cellular and Molecular Research Center, Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences, Tehran,
Iran

2 - Prevention of Metabolic Disorders Research Center, Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences,
Tehran, Iran

3 - Endocrine research center, Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran

= Corresponding author. +98 21 22432500  daneshpour@sbmu.ac.ir Received: 21 Nov 2021; Accepted: 16 Feb 2022

Introduction: Type 2 diabetes, as a complex disorder, is one of the most prevalent endocrine disorders.
Importantly, the extent of familial aggregation and heritability in Iran is unknown. The aim of the present study was
to determine type 2 diabetes heritability in the Tehran families.

Materials and Methods: The current research comprises 1691 diabetic and 12050 non-diabetic individuals over
20 years who are participants in the Tehran Cardiometabolic Genetic Study (TCGS). In this research, the BGLR, gap,
and S.A.G.E tools were used to conduct familial aggregation, family-based heritability, and segregation analysis.

Results: Out of 13741 subjects, 45% were female, and 55% were male in 2594 constituent pedigrees. The results
of intra-family correlation showed that there is a higher correlation among siblings (ICChrothersister = 0.26, 1CChrother-
brother :0.16, ICCsister-sister :014) than mOthE‘I’-OffSpl’Ing (ICCmo[her-offsprings = 013) fO||0W€d by father-SOH (ICCfather-son =
0.05). Besides, the results of logistic regression showed that the chances of developing diabetes are higher in people
whose at least one parent had diabetes (OR=4.16). The heritability rate in this population was about 65% (SE=0.034).
The segregation analysis showed that type 2 diabetes in this community follows a polygenic pattern.

Conclusion: The heritability of type 2 diabetes with a polygenic pattern in Iran is higher than the global average.
Type 2 diabetes is transmitted equally to siblings, and in terms of family history, parents are the most important risk
factor for the disease. According to the findings of this research, it is recommended to shift the level of prevention
from the individual to the family level in society when making health-system policy decisions.
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