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ABSTRACT

Genetic skeletal disorders (GSDs) are heritably and clinically varied classes of bone and cartilage anomalies,
characterized by irregular growth/development of the skeleton. They are rare, but their cases may be upraised
with endogamy as it increases homozygosity. Pakistan has the highest rate (55%-60%) of consanguinity, which
is quite worrying. Still, Pakistan has no reliable data (geographical prevalence, clinical, and epidemiological
data) associated with GSDs and other rare genetic disorders. Unfortunately, due to the lack of adequate clin-
ical/diagnostic resources and genetic knowledge, the suspected cases of genetic disorders are misdiagnosed
and hence mistreated, thus, causing psycho-socioeconomic problems. The present study reviewed current
literature, published on several Internet databases including the “Nosology of GSDs: (2023 Revision)” from
Pakistan. GSDs such as acromesomelic dysplasia, mucopolysaccharidosis, polydactyly, synpolydactyly, and
split hand/split foot malformation were reported in several families and have 55.04% of all the reported GSDs
from Pakistan. To date, in the literature, 72 different mutated genes have been reported from the Pakistani
community. This review will help clinicians and researchers in understanding, diagnosis, and management of
GSDs and will offer a descriptive approach to carry out fruitful molecular genetic research in genetically vul-
nerable and low-resource regions. Moreover, it will also speed up the possible therapy development and may
insist the stakeholders to establish a multi-level network to find a path towards the healthcare challenges of
GSDs from Pakistan.
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Background In recent times, advanced high-throughput, sequencing
technologies such as whole genome sequencing and
whole-exome sequencing have greatly increased our
understanding of GSDs. The majority of the variants/
mutations listed in Table 1 are identified by using recent
advanced technology like NGS and with parallel Sanger
sequencing method. Though 80% of rare disorders have
a genetic origin and significant advances/discoveries
are made every day, but still, approximately 65%-70%
of causing genes/factors still need to be identified (5).

Genetic/hereditary skeletal disorders (GSDs) represent
a diverse set of clinical/genetical conditions that arise
from the mutations in different candidate genes resulting
in disturbances of complex skeletal pathways of growth,
development, and homeostasis. In contrast to the prevalent
diseases, GSDs are rare and affect a very small fraction of
people. However, due to the advent of next-generation
sequencing (NGS) technologies, novel candidate genes are
reported on a daily basis which has increased the number of
rare genetic disorders (RGDs) and is thus currently recognized The nosology classification-2023 revision has classified

as one of the most significant global public health issues (1). th? 771 different GSDs th.O 41 groups, on the ba§is .of
clinical, molecular, and radiographic diagnostics criteria,

In developing countries, there are a number of difficulties while only 552 genes have been associated with RGDs.

like limited advanced clinical resources, and no or far
localized genetic services centers, which hampered research _
and managing studies for GSDs. The proper diagnosis of f°"e59°“de“°e to: Muhammad Umair
GSDs is always a challenge because a variety of syndromic UDgpart_mer}t'af Life Scmnces’j?‘f' Olf Suezc'\j,_r
and nonsyndromic forms of GSDs affect a large number of niversity of Management and fechnology ( )
.. : Lahore, Pakistan.
people around the world, resulting in substantial healthcare .
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?OStS aI_ld OYV .C_lua_l ity of life (2,3). Despite numfer(')us Full list of author information is available at the end of
international initiatives to address the GSDs-associative o G,
problems, considerable work still needs to be done to deal Received: 09 October 2023 | Accepted: 17 December 2023
with this ignored health sector, especially in Pakistan (4).

OPEN 8 @ ® This is an open access article distributed in accordance with the Creative Commons Attribution

ACCESS (CC BY 4.0) license: https://creativecommons.org/licenses/by/4.0/) which permits any use,
Share — copy and redistribute the material in any medium or format, Adapt — remix, transform, and build upon the material
for any purpose, as long as the authors and the original source are properly cited. © The Author(s).

106


https://doi.org/10.24911/JBCGenetics/183-1676870604
mailto:khugoo4u@yahoo.com

panunuon

Apunwiwod jubIsIDd ay1 ulym sgso buisnpd sauab a1ppIpupI J13Y3 PUD SUOIILINW paliodal a1pp-031-dn *T 3|quL

(€2) 0J8}9H av (gg,s101dg9Lely)d (1 OOVANPG8Y-Z8t o €| 009'c8l N4HS Sx1a
(22) OWoH oV (nogrzho)d 'v<ogz.0 €| 008692 AOAd MS1O
(12) OWOH v (leALLzeIv) d 11<DGE60 Z| 00859z QOAd MS10
snobAzousjey (d119¥Bav)d 11<0 9¢1"0 ‘(jepegsAT)d ‘|op 892" 9920
punodwod (dapoybiay)-d {1<D9gL o (sisonyedoalsp

(02) pue owoH S\ (d119¥biy)d 11<D9gL™D ¥ 008'G9Z /sisoysosApoudhd) AOAd MS10
(61) OwoH uv (usyg/pdsy)d 'v<o g2yl 9l | 0LL'22) (eisejdospuoyoeopnssd) HOVSd dN0D
(o1) 0J8)oH av (498G101d)'d 11 <DEEL D 9 00595} SAOW | LY0LT00
(81) XS T av (01d129488)'d (D<1 11020 vL| 00SG'9S) SAOW | LY0L700
(21) OwoH uv Jasgeeh|Dd 'v<oz10L 0 L 00299l (1 eyospadwi sisausbos)sQ) LIO | LVLT0D
(91) OWwoH oV 8G,4xeb1y908,'d 'y<191+20 Z| 00,652 (sisosyedoalsQ) 19140 ZNOTD
(G1) OWOoH S\ (diL¥0z498)d '9<D 2190 1<V 0190 € 06v'1L9 ¥41d0O INOTO
(7)) OWwoH oV (usvegodsy)d 'y<9 /6810 €| 282's09 sadl LASHO
(e1) OWOoH S\ (01dz6Lne7)°d 1D<106G v 66.'€09 aroas3s €1SHO
(o1) OwoH v «89ZN19°d 1<9Z082 ZL| 66109 aroas3s €1SHO
(z1) owoH oy BIVELY10d'd 19<D Ly L g82Cl9 (6 swoupuhs pagnor) 6SLAr | ¥2azoo
(o1) OWOH v L gb-¢'¢1bg| swosowoiyd uo snoo G| 0S¥'€9z Svdvd €L 44D
(o1) owoH oy (Bavz6€10IN) d 'D<1061)2 2| 08210z | (¢ eiseldsAp oljpwosswony) cANY | gL4dNG
(1) OwoH uv (+612di1)d 'y<D 1690 €| 00200z | (eiseidsAp olewosawoioy) OANY | gLHdNEG

(8) OwoH S\ (481 gsA7)d 1 <v091 0 L 186'9L9 | (8lL-swoipufs |paig-jopleq) gLSdd Ldigg
(o1) owoH oV (1L94SHYLZELSIH)'d D uonalep 60Y-6010 ¢| zer's09 assSW | 6vHIHg
(o1) OwoH oV (uLvolel)d0<LileD v 2e¥'609 assSW  6YHTHg

(dsy|Lusy)d !9<vLLZD

(o1) OWOoH S\ ‘(01dgLBiy)d 10<981Z 0 (dsy| Lusy)d (9<VLLZD G| 2ev'609 dsSSW | 6YHIHE
(o1) OwoH oy (801.SiN1DG83Ud) d 'YODI9P0.LZ 2522 €| 2ev'609 dassSW | 6VHIHg

(8) OWOH av Z1,SIN999biy d ly|ep9s L o L 186'9L9 (gowoupuAs |paig-jepleq) gsad gsgdg

(6) OWoH oV d|IgyLusy d 1 <VEPy L 18699 (zowoupuAs |paig-jepieq) zsag zsgd

(8) OwoH av (¢)d v<OL+1660 ‘(UULLpreIv) d 'WV<D 6EEL D €| 186'9L9 ( Lewoupuhs |paig-jopied) | S9g 1sg9g

(2) OWOH S\ (v20zuo)'d {1<D 7090 € 09.'¢) LAN4 eXTY

(9) OwoH oV (¢)d0<91-1990 G| 09.9¢l (e1se|dsAp |eseuojuold) LANS XTIV

107



panunuon

(o1) OWOH S\ LOVO SUl 111D ‘O<] /2§D L | 00,002 OANY 6409
(o1) OWwoH oV 1OVO sul #1110 ‘O<1 /2§D €| 00002 ANy $4ds
(«162di1)d
(zv) OwoH oV 'V<9Z.80 ‘(Ly.sj0idggne)-d :0dnpggL™ 2610 G| 00002 (eisejdsApoipuoyo 8ga19) OANY G409
(L¥) OWOH S\ usyggzdsy'd ‘'v<92690 L 2ez'ele V¥SdIN SNTv9

(sh09gebuy) d {(Bayozyoid)d ‘(£€.816iv Lz LND) d
(o1) OwoH s\ ‘(1ogL62RIY) d (Biygcion) d ‘(1os9Lzaud)d 8L | zzz'zl9 | (v sisopueyooesAjodoon|y) VySdIN SNTVD

G6zXsIv8.zAID d (0dnpLegd
(ov) OWOoH v | pue ‘uogLLBiyd ivporye o (.26¥d1L)d VIO 06110 L €90°209 (11 eyospedwi siseusbos)sQ) LLIO | 04dGYH
(6€) YT av (BavzgehiD)d v<o Ll Z| 00800} HOV €449
(8¢) 0la)oH av (B1v08eA19)d v<9 8gLL 0 ¥ | 00800} HOV €449
(2€) ou8)0H av 16€54°'d ‘D < 062410 L| 00800} HOV €849
(9€) oI8¥eH av Jy1€080.d'd 'V < /0¥ L | 008'00} (eisejdospuoyoy) HOV L5494
(s¢) 0I9)oH av ely89piAL d 19<vzZ0p Lo L 16L'%ElL (swoupuAs uepepy) SN LINGH
(¥€) o8)0H av (19506/8A0) d 'v<1 89€Z 2 GL | 00L%SL S4IN LN
(gg) owoH yv (+09164y)'d {1 <08/ | 612'8l9 Vvevdvd | VZ6NvH
(ze) 0I9)eH av (Aioggbiy)d (Dlepsyz o L 00L€El 1X3 bIX3
(o1) ou9)0H av 091+ SP LSAI Zz| oolcel X3 LixX3
(1e) OwoH oy (Gt«SISIHLLIYL) d :0dnpog D ¥ | 005°'G6ze OA3 ZoNT
(0€) OwoH uv («¥e2hil)d 'y<DZ0.L0 L | 00S'GzT OA3 Z2oNT

1OVVOVVYYVYVLOOL1D1100VOLLIDD1IePLG. LELD
(62) OwoH S\ ‘19PLGL LELD L 008622 OA3 oAF
(o1) OwoH oV 1099V9920.10009VvdNp9y6L 2€61 0 L | o00g'szz OA3 OAF
(o) OwoH s\ (usy90zies)d 'v<9 /190 € 006'Gez | (swoipuAs pjpnsi)d uea-si||3) DA oYE]
(82) OWoH oV (662XX)€6201Y)'d 'OVIOPO8S 6180 L | 00g'89z (swolpuAs sueqoy) sgy 200S3
(@) OWoH oV (B1«StelV.EL49S) d Yy Uons|ap 6010 €| 009'c8l WN4HS | £754SdT
(£2) OWOH s\ (71S51€EM) D (1SUIQE™ 660 L 008'czz ONa WAQ
(92) OWOoH oV (1aLz0pNne7)d 'v<1502) 0 L | o008‘czz oNa WAQ
(52) OwoH oy (+0zne7)d iy<16G0 L | o08‘¢cze ONa WAQ
(v2) 0J8}9H av (no11zien)d v<L ze92 € 009'c8l N4HS 9X1d

108



panunuon

di16tGhuy) d 11<0ge9) 0
(¥9) OWOoH oV ‘sIHe6dsY'd :0<DG62 0 €| o08L2le SS10 rd¥l
(o1) 0J9}9H S\ (shovgeihl)d i9<vIGLLD L 08L2le SS10 rdd1
(€9) OWoH yv (o1dggeneT)d :0<1 85820 0L | o08.2l2 SST10 rddT
(29) OwoH oV V<O L+91€0 9| o08L2l2 SS10 rd¥l
(19) OWOH s\ 8Z,SHaS8ysAD d 19 uonsjep g1 0 I 86¥'8L9 0Lvdvd | §Z80VVIM
(09) OwoH uv Jeg/Lneo7d 1D<10G0 L | 86¥'8L9 LVdvd | GZ80vVIM
(65°2) OWOH S\ V<9 1-G6£0 G Z¥9'/19 /Vdvd 3001
(8) OWOH S\ Jojzeun d 11<O¥6 L 186'9L9 (swoupuAs |peig-lepleq) sgg 2214l
(89) OwoH uv deog1d '0<18067 9| %0209 (sisopeyooesAjodoon|y) SAIN vnai
(29) OWOoH S\ 01d06¥Nne7°d 10<16911 0 ,98¥NIDd {1 <D 9G1 0 Z ¥10'209 (sisopueyooesAjodooniy) SAN vnai
(o1) OwoH oV (o1dospneT)d LL|  #10°209 (sisopueyooesAjodoon|y) SIN vnai
(g1) OwoH (oidgBli08)di O<1 22670 €| 00L'652 LYVYOHd asdH
(99) ou8)0H av skogzedild (<9696 L | 00098} (1 AifyoepAloduAg) LadS | €LAXOH
(o1) oJa)oH av dnp 202 /810 ‘dnp 012 ¥8L™ 09| 00098) (1 AikyoepAjoduAs) LadS |  €LAXOH
(59) 0.J8)eH av (X8tzguio)d 1< 2y. ™2 vL | 00098} (1 AikyoepAjoduAs) LadS |  €LAXOH
(¥9) OWOoH S\ sk19/n19°d iv<99zz 0 L | 865'6L9 (eisejdsAp oljowoziyy) NvAZHY | LLYNIND
(€9) 0la)oH av 18,8906 1 elv'd 'DSUIB9GE /9GE™D L| 00ZviL dvd €179

8¥.SINIDLZ9sIH) d {1VI9P996 L G961 0 ‘Buy9gssiH)d
(z9) 0J8)eH av| ‘o<vee9lo ,sibivoezlAlD)d ‘O esul 6L 06.€0 €| 0061 Sd09 €19

+6.01v°d {1 <O¥/€20

Bav1¥GIuL d'D<02Z9L 0 (09.SHeSE6NID) d (D Blop
(19) ou9)9H av G62-G620 ‘(61.SiN919¥LIAL) d D asu| GEY-yEY D G| 00.'GLL Sd09 erno
(09) 0Ja)oH av (8L.stelvzizIAID)d (D 8jep GE9g ™0 lz| 002Vl ¥lvdvd €79
(6) o18¥0H av usyggedyl)d iv<d $901 0 L 02zZ's9l 8vdvd LIT9
(8¥) owoH oV (ne18.¢488)d 'L<D €ELL™D L | oo¥'viL (Aifyoephlod) Lad L9
(2¥) OWwoH oy (uo90gneT)d v<l /1612 €| 00V'vLL (AiXyoepAjod eixe-a1d) LAdd LT
(9v) OWOH v (+€11B1y)d <D 2€€0 G| €z1'819 v8vdvd LITO
(s¥) OwoH oV (spely6z4AL)d '1v 99p 2881880 Z| 0090¢C Z9LND 1979
(v¥) OwoH oy Z1,U19G¢g101d) d 1019pH0 o L | 00002 OANY G409
(ev) o19)9H av (£1,8461v9/ L ne7)d i uonLlep £2G o v | o00L'€Ll (0 adAy AiKyoepAyoeig) Oag §4ao

109


https://www.omim.org/entry/619598?search=GNPNAT1&highlight=gnpnat1

panunuon

(991,84di1 pzesho)d idnp 12670

(8G,1x001v908,)d ‘W< L 91120 (F0Z.Skelvsgzien)d
(a1'01) OwoH uv ‘9P 658 580 ‘(dsvez/1A1D) d '¥<DG1G0 .| 00,652 19140 LOHIOL
(o1) OwoH yv (Xs480z04d) d 10 uons|ep 4290 Z| 00652 (1 sisonedosysQ) 19.1d0O LOHIOL
(08) OWOH av (+2218K7)d 1 <v62G0 L | 168'9L9 (ersejdsApoipuoyooeisQ) A00 Zxd.l
(62) OwoH S\ (+824AL)d '¥<O¥82 €| 00¥'vil (AiKyoepA|od |eixy-aid) Add LATMLS
(82) OwoH oV SIH991 b1y d '¥<D /610 L 205919 | (/) eyoepadul sisausbos)sQ) L110 oYVYdS
(ov) OWOH S\ BivzzzAi9 d 'v<9#990 L 00L'652 dVOHd = LVZ001S
(22) OwoH uv £z SjoidL6ely d (010100 0suUIE9Z 2920 L | 286'¢l9 910 | LANIJHTS
(92) OWOH S\ LELUDd [1<0/6€0 L 286'cl9 (9 eyoapadul siseusbosysQ) 910 | LINIJYIS
(52) owoH yv IA1G/28A0°d 'y< ©¥Z80 L 8v8'cl9 | (g) eospadul siseusbossQ) ZLIO /dS
(%) ola)oH av (+092u19)'d {1<D 81220 LL| 000°€t) (1.9 odAy AihyoepAyoelg) Laag 240
(€2) OWOoH v 9<v 0.6 Z| 0sz'0s2 (ersejdodAy srey-ebejed) HHO dHNY
(o1) os8¥eH av /48]spy 1 09dsy-d (D1epy L0 L ozL0le IQdOW | geegvy
(o1) OWoH uv (8exsiee6SAT)d 'y UolBIBP /182 91820 LL | 06Z'80Z dovo rO8d

817191 sJ61v0902UID
(o1) o9)9H av ‘diov VOO 091 09V O1919P68L9 92190 L ozLole lladow INOd
(z2) owoH oV doved'd 10<9 /€010 L 0es'Liz IrANAS | ZSSdvd
(o1) OwoH oV 1G,SHaSZYIeN d {lopyZ Lo L 00.'652 (sisonedosisQ) 19140 LNLSO
(12) OWwoH oV XS024'd 1<) €199 L | 628'209 Wany ZHdN

9<1 ¢+986¢0
(02) OwoH oV | ‘(diL6y261y) d 11<DGHgz 0 (41951 0964y)d (v<D 1081 D 8| G/8'209 Nany Z24dN
(69) OWOH S\ <1 Z +9862"0 (19NL064U L) d 11<D 0222 GL| G/8'209 NANY Z8dN
(89) OwoH S\ (Bav162UID)d ID<v 22870 9 G/8'209 Nawy Z24dN
(29) 0I9)eH av (GusnoTgyLgn|D) d 1| uowiasul /Z¥9 92190 L | 00g20L | (swolpuhs Asuayp AnpleH) SAOMH | ZHOLON

(8z.ssllLUSY)d
(o1) OWOH s\ 'VO99D1009DIVDIV UOHSI9p G8Z 2.2 L 121’219 (swoupuhs pagnor) sidar LSMN
(99) OwoH av «07195°d '9<0611012Z,SN9716G24UL d 'VIOPG LD L 186'919 (99woupufs |paig-jepleg) 9sad SYMN
(59) OwoH oY uio181Lbiyd 'Y < 9ZHGo Z| 601209 an3s ENLYN
(8) OWOH v 191 6915A7°d [ <¥50G0 L 186'9L9 | (ZlewoipuAs |paig-jopleq) /S99 L4177

110



(AifyoepA|od |eixeald
(o1) 0I9)eH av 9<1 €9 SYZ dlsulu| €l | 22s's09 /quny] |esbueleydi]) Add/LdL N4

(qunyy

leabuejeyduy pue AjA1o0epAjod

-leixeysod ‘AjA1oepuAs ‘A|A1o0epAjod
(o1) os8)0H av V<0 /82 S¥Z olsulijuj vl | 2T8'S09 | [exe-aid) 1d1 ‘Advd ‘ASd ‘ddd S¥z
(o1) ou9)9H S\ (alivLi2yL)d 1<D 02712 € 922'S19 vovdvd Ly L4ANZ
(o), paxull X £'9gbx swosowolyo uo uopisod sus9 Ge| ogecle ZNAHS | 100] £'9Zbx
(o1) OWoH v (Bavezeiul)d 19<0986'0 6 00g£'see W4HS | §0LLNM

(£8584840667Z2Ud) d :1LD1DDIDDDVIDLISPIES-1880
(22) owoH oV ‘(dsveLLAID) d 'y<D8gg™d Z| oog'sze W4HS | 8§04 LNM
(g8) OwoH S\ (x99¢sAD) d '¥<D8601 0 L 00g'sze W4HS | 904 LNM
(o1) OWoH oV 990999VvdNnp 90¢ 00€2 ‘LOVVISP8ILL G9LL™D .| 00g'see WAHS | g0LLNM
(€g.s4biygoLnaT)d

(¥8) OwoH oy '990999V dnp 90¢ 00£2 ‘(LS LUID)d :9D<D09% 0 G| o00g'sze WN4HS | 90LLNM
(29) OWOoH v (ne9zz4eS)'d (1<D 2190 ‘D<DE-6GE D L 02Z'sl9 GLIO LLNM
(2) owoH s\ 9<0€-65€2 € 022619 GLIO LINM
(€89) OWoH oV (shovzehio)d 1<D g9LL ™0 L| 0zz'sl9| (g1 eyspadwi siseusboslsQ) GLIO LINM
(8) OWOH S\ 181 0vzsho d ty<D 020 Z 186919 | (G| swoipufs |paig-jopleq) GLSdd | JOdAM
(q) OEIETY av (uD1z6bay)d 'v<D 292272 v 15£'06) £Sdyl LSd¥1
(o1) 0I9)eH av (lenLzeA1D)d (1<D 2922 9| 1606} €Sdyl LSd¥L
(z8) 0J9)9H av (siHB1€b1Y) d [v<D9G6'0 L 00g'sze N4HS €9d1
(18) OWoH yv 9<VZ-0/80 V<D +G/G) Z| 19¢209 (¢ swoupuhs [o308N) ESMIN | LONTNL

111



Table 2. Province-wise number of GSDs reported and
published from each province of Pakistan.

Province Total GSDs Percent of total
reported GSDs (%)
Punjab 247 40.56
Sindh 219 35.96
Khyber Pakhtunkhwa | 116 19.05
Kashmir 19 3.12
Balochistan 8 1.31
Gilgit-Baltistan 0 0.00

The entire number of GSDs increased to 771 from 461
and the number of genes to 552 from 437; however,
groups decreased from 42 to 41 due to regrouping
and restructuring in the review of nosology-2023
classification (86).

The nosology classification-2023 revision is more
helpful in the identification of novel skeletal disorders
and provides an excellent framework for a better
understanding of the underlying mechanisms essential for
regular skeletal growth, maintenance, and development
(86). Based on the nosology classification-2023 revision,
this is our second effort at population research studies
to display the prevalence and pervasiveness of GSDs in
Pakistan (10).

The reasons that stimulate us to compile and publish
a second revision of GSDs is to facilitate research and
diagnosis by sharing fresh knowledge about the growing
number and variety of GSDs. Commonly in Pakistani
society, GSD has an autosomal dominant or recessive
mode of inheritance.

Skeletal dysplasia

Skeletal dysplasia is the heterogeneous camp of RGDs
occurrence rate of 1 in every 5,000 live births (87).
Mutations in several genes are associated with skeletal
disorders that might affect the development, structure,
or function of the skeletal system. They may have
autosomal dominant, autosomal recessive, X-linked
dominant, or X-linked recessive or as a de novo mode of
inheritance (87). GSDs display varied clinical conditions
ranging from a particular organ to multisystematic
disorder and are due to defects/mutations in a variety of
gene families, including genes encoding transcription
factors, extracellular matrix proteins, tumor suppressors,
ligands, channel proteins, receptors, enzymes, cellular
transporters, intracellular binding and morphogenic
proteins, chaperones, RNA processing molecules,
cytoplasmic proteins, cilia, and others. Moreover,
exposure to teratogen, somatic mosaicism, and imprinting
errors may lead to GSDs (87).

In practice, the distinction between different types of
skeletal disorders is often implausible due to analogous
disease patterns including radiographic and molecular
findings and clinical manifestation. GSDs may be
classified as skeletal dysplasia or dysostoses on the
basis of anomalies in pattern, differentiation, linear
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development, and maintenance of skeletal tissues
(88,89). Skeletal dysplasia is a broad term referring
to abnormalities of bone and cartilage that result in
unbalanced stature, size, and shape of the skeleton. They
primarily affect the development of cartilage and bone
(due to the mutation in genes regulating the development,
growth, and maintenance of bone/cartilage) but muscles,
tendons, and ligaments may also be affected (89,90).
On the other hand, dysostosis refers to anomalies in the
ossification of one or more bones due to mutation of
genes involved in skeletal patterning. They often occur in
conjunction with other inherited disorders in the form of
spondylocostal dysostosis, cleidocranial dysostosis, and
limb deformities such as polydactyly, brachydactyly, and
syndactyly (91,92).

To categorize the newly reported genes and disorders,
the International Skeletal Dysplasia Society completed
its most recent revision in 2023, which revealed a novel
molecular and pathological concept of GSDs. In their
recent analysis, Unger et al. (86) divide 771 disorders into
41 groups with only 552 known associated candidates’
genes.

The present study is coping with sufficient and to-date
information on GSD phenotypes reported by the Pakistani
community and has systematically evaluated them. The
appraisal also comprehensively analyzed, explored, and
emphasized all the challenges and concerns associated
with accurate diagnosis and proper treatment of GSDs,
especially life-threatening GSDs.

Methodology

The current study covered and reported all 552 known
GSD candidates’ genes, which were grouped into 41
categories in the “Nosology of GSDs (2023 revision).”

Research approaches

All reported GSD genes were obtained from the
“Nosology of GSDs (2023 revision).” The search
was conducted by entering the mesh “gene name” and
“Pakistan” by using various online accessible databases
and search browsers such as OMIM, Google Scholar,
PubMed, HMGD, and Research Gate.

Results

In the existing literature, 559 cases of GSDs are
documented in 21 different groups of the “Nosology of
GSDs (2023 revision)” from the Pakistani community.
Table 1 lists details of all the pathogenic mutations
reported from the Pakistani community till now. SHFM,
Synpolydactyly, Polydactyly, Acromesomelic dysplasia/
short-limb dwarfism (AMDH, AMDG, AMDM), and
Glycosaminoglycans (Mucopolysaccharidosis) are five
most reported GSDs, accounting for 14.19%, 13.18%,
11.51%, 7.8%, and 5.5%, respectively (Tables 1 and 2).
Figure 1A and B illustrates the geographical prevalence
of GSDs in Pakistan. However, this time a significantly
higher number of cases were reported from the Punjab
province (40.56%), compared to the GSD 2019, in which
Sindh province was at the top with 40.38% GSD cases
and Punjab was second with 39.04 of all the cases. All the
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Figure 1. (A) Provinces-wise percent prevalence of hereditary skeletal disorders reported and
published from Pakistan. (B) Number-wise graphical representation of different GSDs reported
from Pakistani provinces. Punjab province is showing the highest reports.

numbers and details of GSDs reported so far from each
province (Pakistan) have been listed in Table 2.

Discussion

The term GSD is commonly used to describe bone and
cartilage abnormalities. It is a very heterogeneous class
of anomalies that result from the mutations of numerous
genes, causing disruption in the organization and function
of the growth plate. It can range from mild (polydactyly,
and so on) to severe/lethal (thoracic hypoplasia, and so
on) and from nonsyndromic to syndromic. Genotypically,
GSD has both dominant (autosomal/X-linked) and
recessive (autosomal/X-linked) forms of inheritance.
Keeping in mind the challenges of the precise diagnosis
and evaluation of the GSDs, it is important to obtain
family history, physical examination, a full set of
skeletal radiographs/photographs, audiogram, magnetic
resonance imaging, and complete medical records (93).

Currently, Pakistan is the 5th most populous country in
the world (241.49 million with a growth rate of 2.55%
(census 2023); having five provinces (Balochistan,
Gilgit-Baltistan, Khyber Pakhtunkhwa Punjab, and
Sindh), and Pakistan administered territories of Azad
Jammu and Kashmir (4.045 million populations
(census 2017). All GSD cases reported from Pakistan
to date include Punjab (40.56%), Sindh (35.96%), KPK
(19.05%), Balochistan (1.31%), and Kashmir (3.12%),
while from Gilgit-Baltistan still no case has been
reported (Figure 1A and B).

Although very little information is available about the
prevalence of genetic disorders in Pakistan, the statistics
from Europe and golf countries point to a concerning
situation for Pakistan, as cousin marriage drastically
increases genetic disorders and Pakistan has the highest
rate of cousin marriage. For example, Europe has less than
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1% cousin marriages with 1/5,000 live births affected by
a genetic disorder, while Qatar has 54% consanguinity
with 1/1,300 affected birth individuals (94).

According to studies, cousins marry each other in
about 55%-60% of marriages in the nation. Numerous
cultural, social, and economic factors contribute to this
high prevalence. The prevailing cultural and societal
norms in Pakistan that encourage cousin marriages are
a major contributing factor to the high number of these
marriages. In many cultures, getting married within
the extended family is seen as a means of preserving
inherited wealth and ties to the family. Cousin marriages
are also frequently viewed as the best option because of
their apparent compatibility and shared morals. However,
there are certain negative consequences associated with
the prevalence of cousin marriages in Pakistan, including
economic burdens. Consanguineous marriages can lead
to an increased risk of genetic disorders and disabilities in
offspring. Research has shown that the children of cousin
marriages are more likely to suffer from birth defects,
developmental delays, and other hereditary conditions
(85). In addition, the majority of mutations found in the
Pakistani population are biallelic; however, heterozygous
mutations are also common.

According to Umair (5), 65%-70% of casual genes
of RGDs have to be identified; moreover, recently the
“Nosology of GSDs (2023)” has reported many novel
GSDs worldwide. Developing countries like Pakistan,
where 60% of people are below the line in poverty, have
no concept of proper testing and have no database or any
other organization for the entry and registration of RGDs
including GSDs. Even though, the Pakistani population
has a high rate of consanguineous marriage, researchers
and physicians have little to no documented information.



The current analysis reveals that in the last two
decades number and kind of GSDs in Pakistan have
rapidly increased due to the powerful NGS screening
technologies. Especially, in the last 10 years publications
and reports about genetic rare disorders have increased
by 99%. That is why GSDs and their causing genes/
mutations have a relatively high novelty rate reporting
from Pakistan. The aim of this revision is to provide
bridges among clinicians, scientists, and genetics
interested in GSDs and in skeletal biology, through
the list of GSDs and their causative genes, mutations,
pathways, and other associated spectrums. Moreover,
it will also ensure a proper diagnosis, as this review
holds the treasure of detail and novel information on
GSDs (995).

GSDs are a complicated and diverse set of disorders
caused by 552 different genes, making it very challenging
to identify the exact disorder (5). Monogenetic disorders
are very rare but it is helpful to identify the specific gene
function and to track down its associated molecular
pathways. Studying the pathogenicity of various mutations
that occur in different genes sheds light on the potential
prevention measures, diagnostic tools, treatment, and a
necessary step for providing correct genetic counseling.
In modern times, there has been significant progress in
molecular/genetic diagnosis (such as NGS, and so on)
to confirm clinical/radiographic diagnosis and to predict
the risk level of a family for GSDs. Moreover, targeting
these molecular pathways has encouraging results both
in vitro and in vivo even though these therapies are still
under the research and developmental stage (84).

Despite the paucity of research on GSDs in Pakistan,
efforts have been made to comprehend, diagnose,
and treat these severe conditions. Pakistan’s medical
community has been actively involved in the diagnosis,
treatment, and management of patients with skeletal
dysplasias and other genetic conditions. A significant
obstacle in carrying out investigations on GSDs in
Pakistan is their uncommon occurrence, which makes
it hard to locate enough afflicted people for thorough
examinations. Precise diagnosis and treatment of these
disorders are further complicated by the fact that certain
areas of the nation lack access to specialized genetic
testing facilities and knowledge.

The future management of GSDs is likely to be influenced
by advancements in genetics, molecular biology, and
medical technology. Potential developmental areas
that can improve our understanding include precision
medicine, CRISPR-Cas9-based gene therapy, stem cell
therapies, pre-genetic testing, and early interventions
(83,94).

Future studies may focus on the discovery of therapy
for GSDs by finding new therapeutic drugs that more
specifically affect this integrated signaling network
and enhance the delivery of therapeutics to the growth
plate. Moreover, in Pakistan, a sound medical policy
and establishing robust collaborative partnerships
abroad is required. At each big city, a department
for genetic counseling through the multidisciplinary
approach (including orthopedists, rheumatologists,
otolaryngologists, gynecologists, neurologists,

114

ophthalmologists, and so on, having genetically
knowledge and experience) should be established for
RGDs. This would considerably reduce the likelihood of
misdiagnosis and will make it easy to enhance treatment
for patients of RGDs.

Conclusion

In conclusion, the main goal of the present systematic
revision is to summarize the detailed information on the
rare and ultra-rare GSDs on the number, geographic,
and molecular genetic bases affecting the Pakistani
community. Thus, updating the current literature of
GSDs in Pakistan according to the recent nosology
classification 2023 (5). Where, it will provide an
exact roadmap to proper diagnosis, awareness, and
approaches to successful molecular research, as well
as it will elaborate on the pathological mechanism
of GSDs. Furthermore, it will also accelerate
understanding of the potential therapy development
and will urge researchers, geneticists, clinicians, and
other policymakers to establish a multilevel network
organization that might offer a proper solution to
diagnosis, treatment, and care to patients suffering
from GSDs in Pakistan.
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