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Supplementary Material S1. Questionnaire and scoring key

S1.1. Structure and administration

The questionnaire was written by the study team in Kazakh and administered online through Google Forms
between 1 June and 30 July 2026. It has 38 items: 35 content items in four blocks, reproduced in full below, and
three respondent items (consent, profession and workplace; S1.2). By domain, the content items comprise 14
knowledge items (11 single-choice and 3 multiple-response), 11 attitude and perception items, and 10 practice
items. Five content questions allowed several answers: regulatory documents (KD1), diagnostic methods
(KD2), components of combined screening (K11), barriers (BR), and reasons for not referring for invasive
diagnosis (RR). All items were mandatory. Free-text answers were possible for some items; they are listed as
"free text" below. The English translation was prepared for publication by Z.T. and back-translated by an
independent bilingual public health specialist.

S$1.2. Respondent items

Item Question Response options n (%)
C1 Consent to take part Yes (required to proceed) 1331 (100)
R1 Profession Nurse / midwife / general practitioner / obstetrician- 902/196/159/59 /15

gynecologist / other specialist (neonatologist, geneticist,
ultrasound specialist)

R2 Workplace Primary care (polyclinic, primary health care centre, 1146 /95 /90
feldsher-midwife post) / hospital / perinatal care unit

Counts from the analysis file (n = 1331).

$1.3. Content items with response distribution and scoring key

For each item the Kazakh original is followed by the English translation. Counts are from the institutional export (n = 1330).
Score column: 1/0, knowledge key; 2/1/0, ordinal coding (practice items are summed into the 7-item practice score; attitude
items are reported individually and no longer summed); v/ X, options required/excluded for a correct answer on a

multiple-response item; R/D, relevant document/distractor; —, not scored.

Block 1. Awareness and knowledge of prenatal screening

Code  Kazakh original English translation n (%) Score
AW - Perception - single choice

©O3iHi3 KBI3MeT aTKapaThH OHipAe MeAuKo- Do you know whether a medical genetics
reHeTMKAaAbIK KOMeK KepceTy KbI3MeTiHiH O6ap service operates in the region where you work?

ekeHiH Oiaeci3 6e?

Mo, ToABIK Yes, fully 890 (66.9) 2
Imrinapa Partly 267 (20.1) 1
XabaprIM KOK, Not aware 173 (13.0) 0

Note: Covariate (awareness, 0-2); not part of

any score.
KD1 - Knowledge (descriptive) - multiple response

Kasakcran PecrrybankacsiHa KYKTidik Kesingeri Which are the main regulatory documents

rpeHaTalAbl CKpUHUHITI pPeTTeMTiH Herisri governing prenatal screening during pregnancy
HOPMAaTHUBTIK Ky>KaTTap KaHAan? in the Republic of Kazakhstan?

KP ACM Ne 272 6yiipsiFsr, 27 cayip 2015 x. Order No. 272 of 27 April 2015 on state 81 (6.1) D
«/leHcayABIK caKTay calachIHAAFB MEMAEKeTTiK service standards in health care (distractor)

KOPCeTiAeTiH KpI3MeTTep CTaHAaPTTaphIH OeKiTy

Typaasl»
KP ACM Ne 52 Gyiipsrrsr, 31 Haypnis 2023 — Order No. 52 of 31 March 2023, standards of 169 (12.7) D
HEOHAaTaAbAbl KOMEK KOPCeTy CTaHAAPTTapPhl neonatal care (distractor)
KP ACM Ne KP ACM-54 (2022) «CTanaapTTs! Order No. KR DSM-54 (2022), standard for 397 (29.8) R

IIpeHaTaAAbl yAbTPaABIOBICTHIK CKPMHIHT KYPridy — organizing prenatal ultrasound screening



Code  Kazakh original
YUBIMBIHBIH CTaHAAPTB»
KP ACM Ne 704 6y11psirbr(2010) «CkpuHUHITL
YVBIMAACTBIPY KaFAaAaphiH OeKiTy Typaabl»
KP ACM Ne 92 6yitperrst (2021 >XbpLaFDBI 26
tambi3) «Kasaxcran Pecriybankaceinga
aKyIIepAiK-TMHEKOAOTUAABIK KOMEKTi

¥I7IbIMAaCTBIpy CTaHAapPTBI TypaAab»

KD2 - Knowledge (descriptive) - multiple response
Ci3 >xyKrTiaik Ke3iHAe >KacaaaThIH KaHAAL
reHeTUKAABIK AMaTHOCTHKA d4icTepin Oizecis?

[IpenaTaabpanl yapTpaabIOBICTEIK (Y A3)
CKPVHIHT

broxmvmsiapik ckpuauHr (PAPP-A, 3-XTY
>KoHe T.0.)

VHBa3uBTi eMec IIpeHaTaabAbl TeCTiaey
(HIIIT)

VHBa3uBTi AMarHoCcTHKa (aMHIOLIEHTE3, XOPMOH

OMOTICHSIChI)

MOAeKyAa/lI:IK-I‘EHeTV[KaAbIK TeCTTep

biamenmin

K1 - Knowledge - single choice

[TpenaTaaabl reHeTUKAABIK CKPMHIHITIH HeTi3ri

MakcaTTapsl KaHaai?

XpoMocOMaabIK akayAapablH 4aMy KayIlin

aHBIKTay

HapecTeHiH >XBIHBICBIH aHBIKTaY
[TaanenTa KpI3MeTiH Garasay

K8 - Knowledge - single choice

JKyxTizik KxesiHae Oipinii mpeHaTaaabl
YABTPaABIOBICTHIK, CKPMHIHT XKYKTiAIKTiH Kait

arTacbelHAa >Kaca/1a41>1?

9+0-12+6 anrtaza
10+0-14+6 arrtaga
11+0-13+6 anrraga

12+0-14+6 anrTaga

K10 - Knowledge - single choice

JKyxTizik KesiHAe eKiHIIi MpeHaTaaAbl
YABTPaABIOBICTHIK, CKPMHIHT XKYKTiAIKTiH Kait

arTacbelHAa >Kaca/1a41>1?

16+0-20+0 arrraga

18+0-21+6 anrTaga

19+0-21+0 arrraga

19+6-21+0 anrraga

English translation

Order No. 704 (2010), rules for organizing

screening

Order No. KR DSM-92 (26 August 2021),
standard for organizing obstetric and

gynecological care

Note: Descriptive only. R, relevant document;

D, distractor.

Which genetic diagnostic methods used during
pregnancy do you know?

Prenatal ultrasound screening

Biochemical screening (PAPP-A, 3-hCG, etc.)

Non-invasive prenatal testing (NIPT)

Invasive diagnosis (amniocentesis, chorionic

villus sampling)

Molecular genetic tests
I do not know

Note: Descriptive only (number of methods

recognized, 0-5).

What are the main aims of prenatal genetic

screening?

Assessing the risk of chromosomal anomalies

Determining fetal sex

Assessing placental function

In which week of pregnancy is the first prenatal
ultrasound screening performed?

9+0-12+ weeks

1070-14+¢ weeks

11013+ weeks

12+0-14*¢ weeks

Note: Keyed to Order No. KR DSM-54.

In which week of pregnancy is the second
prenatal ultrasound screening performed?
1670-200 weeks

18+0-21+ weeks

19+0-21+ weeks
19+6-21* weeks

Note: Keyed to Order No. KR DSM-54; 18+0-21+

n (%)

406 (30.5)

934 (70.2)

1027 (77.2)

813 (61.1)

147 (11.1)

295 (22.2)

364 (27.4)

30 (2.3)

1223 (92.0)

55 (4.1)

52 (3.9)

350 (26.3)
137 (10.3)
651 (48.9)

192 (14.4)

215 (16.2)

401 (30.2)

483 (36.3)

231 (17.4)

Score

0

0(1in
sensitivity
analysis)

1

0



Kazakh original

K4 - Knowledge - single choice

JKykTizik ke3iHaeri gamy aKayaapbl KoHe
XPOMOCOMABIK aybITKyAapAbl aHbIKTayal-1mi
TpUMeCTipiHAe )KacaAaTblH aHa KaHbI
cappicybIHbH (MCM) OMOXUMMSABIK
MapkepaepiHiH kaii Typaepi KP koaganbraaast

PAPP-A, 3-XTY
PAPP-A, 3-XT'Y, A®IT
Murnbun A

Konsiornpaenteren ascTpaanoa

K11 - Knowledge - multiple response

JKyxTizixTing Gipinmi TpuMecTpine Xypriziaerin
KOMOMHIPA€HTIeH ITpeHaTaaAbl CKPMHMHT KaHAai
3epTTeyAepaeH Typaabl?

Y AbTpaABIOBICTHIK 3€pTTey

buoxumusarixk mapkepaepai ansikray (PAPP-
A, ﬁ_xm)

VHBa3uBTi TeKcepy (aMHIOIIEHTe3)
KowpiornpaenGeren scTpuoa
AOIT xoHe nHIMONH A

JKyxTizikTi BU3yaaAs1 6aKkpLaay

K3 - Knowledge - single choice

Kapuorunrey gerenimis He?

XpomocoMasap caHbl MeH KYPBLABIMBIH 3epTTey
daici

Tenniy MyTaIMsCHIH aHBIKTAY dAici

Y3 apKbLabl YPHIKTLIH 4aMy Ke3eHiH Oarazay

Ar3azarsl TOPMOH JeHreliiH Oaraaay

K9 - Knowledge - single choice

JKyxrTi oiteagep Kail KacTaH Tya OiTKeH >kKoHe
TYKBIM KyaAalTBIH I1aTOAOTUAHBIH AaMYBI

OOIBIHIITA JKOFaPEI KayIli TOOBIHA >KaTaabI?

30 >xacran Oacrart
32 >xacraH bacrart

35 >xacran Oacrart

37 >xacraH Hacrart

40 >xacran Oacrart

K12 - Knowledge - single choice

JKykriaikrigl-1m1i TpuMecTipiHgeri npeHaTaaAbIk,

English translation

weeks also accepted in a sensitivity analysis.

Which first-trimester maternal serum
biochemical markers are used in Kazakhstan to
detect developmental defects and chromosomal

anomalies?

PAPP-A, 3-hCG
PAPP-A, 3-hCG, AFP
Inhibin A

Unconjugated estradiol

Which examinations make up combined
prenatal screening in the first trimester?
Ultrasound examination

Biochemical markers (PAPP-A, -hCG)

Invasive testing (amniocentesis)
Unconjugated estriol

AFP and inhibin A

Visual follow-up of the pregnancy

Note: Multiple response. Scored 1 only if both
v options and no X option were selected (n =
483, 36.3%).

What is karyotyping?

A method for studying chromosome number
and structure

A method for detecting gene mutations

Assessing fetal developmental stage by
ultrasound

Assessing hormone levels in the body

From what age are pregnant women considered
at high risk of congenital and hereditary
pathology?

From 30 years
From 32 years

From 35 years

From 37 years

From 40 years

Note: Keyed to 35 years in the analysis; Orders
No. 704 and No. KR DSM-92 use 37 years, and
in combined screening age is one input into
individual risk (see S1.5).

In what unit are the results of first-trimester

n (%)

776 (58.3)
477 (35.9)
26 (2.0)

51 (3.8)

1042 (78.3)

930 (69.9)

153 (11.5)
22(17)
50 (3.8)

189 (14.2)

835 (62.8)

243 (18.3)

191 (14.4)

61 (4.6)

181 (13.6)
36 (2.7)

550 (41.4)

148 (11.1)

415 (31.2)

Score

<

< X X X

1 (analysis
key)
National

orders



Code  Kazakh original

(xOoMOMHUpAEHTeH) CKPUMHIHT HOTVDKeAepi

KaHAalt OipAiKIeH uHTeprpeTasaiaHab?

MoM
ME/a
/2

MM

Block 2. Attitudes and perceptions

Code  Kazakh original
A2 - Attitude - single choice

Ci3 GapaBIK XYKTi a1ieaJepre YPHIKTHIH daMy
aKaybl )KoHe XpPOMOCOMABIK aHOMAAVSHEI
aHBIKTay YIIiH IpeHaTaAbAbl CKPDUHUHITI MiHATTI

TypAe XXYPridy KaXkeT 4ell Oiidalicri3 6a?

Wb, MingerTi TYpae
s, ychHBLAABI
Tek xopceTkimirep HGorIbIHIIIA

Kok

A1 - Attitude - single choice

Tya GiTKeH >XoHe TYKBIM KyaAailThIH ITIaTOAOT M
GOTIbIHIIIA «KaYill TOOBIHA» YKaTaThIH KYKTi
duieaaepAi TeHETHK Adpirepre XKoagayra
KO3KapachIHbI3

MinpetTi aen ecenrreiMin
Ycreiap1aaap1, Gipak MiHAeTTi emec
Kaeri >xoK, epikTi Typae 604y Kepek

Tepic kapaiiMbIH

TOP - Perception - single choice
Cizain mikipinisie, aysIp eMaeyre KeaMenTiH
TYKBIM KyaAalThIH aypyAap aHbIKTaAFaH
Kargaija MeAUIHAABIK KOPCeTKiITep

GOIBIHIIIA XYKTIiAIKTI Y3y AypbIC Ta?

J4E}
JKayan Gepyre KHaAaMBIH

Kok

PAW - Perception - single choice

XaABIKTBIH MEAUKO-T€HETUKAABIK, KbI3MET
MYMKiHAIKTepi Typaabl aKkIiapaTTaHy JeHIeiin

Kaaai Oaraaarcpia?

JKorapnt
Oprarmma

Temen

English translation n (%)

(combined) prenatal screening interpreted?

MoM (multiple of the median) 218 (16.4)
IU/L 499 (37.5)
g/L 290 (21.8)
"MM" (abbreviation as printed on the form) 323 (24.3)

English translation n (%)

Do you think prenatal screening for fetal

malformations and chromosomal anomalies

should be mandatory for all pregnant women?
Yes, mandatory 1126 (84.7)
Yes, recommended 109 (8.2)
Only when indicated 66 (5.0)
No 29 (2.2)

Note: Reported individually; former composite

coding shown.

What is your attitude to referring pregnant

women at risk of congenital and hereditary

pathology to a geneticist?
I consider it mandatory 1161 (87.3)
Recommended but not mandatory 106 (8.0)
Not needed, should be voluntary 38 (2.9)
Negative 25(1.9)

Note: Reported individually; former composite

coding shown.

In your opinion, is termination of pregnancy on

medical grounds appropriate when a severe

untreatable hereditary disease is detected?
Yes 1029 (77.4)
Difficult to answer 253 (19.0)
No 48 (3.6)

Note: Reported descriptively; never scored

(ethical position).

How do you rate the population's awareness of

what medical genetics services offer?
High 597 (44.9)
Moderate 634 (47.7)

Low 99 (7.4)

Score

Score



Code

Kazakh original

AC - Perception - single choice

Ci3 o3 eHipiHi3ge XXYKTi aiteaaepre MeAUKO-

reHeTUKaAbIK KOMEKTIH KOAKEeTIMAiAiriH Kaaan

Oaraaaiicpi3? (1-aeH 5-ke AeitiHri 11Kaaa OOVIBIHIIIA

OaraaaHbI3)

1 - Koa xetimai emec

2 — KublHABIKIIEH KOAKeTiM Al
3 — Imrimapa KoaxxeTiMai

4 — JKaarel KoakeTiMAl

5 — ToABIFBIMEH KOAKETIMAL

BR - Perception - multiple response

JKyKTi 9iteasepAiH reHeTUKaAbIK KOMeK

aAybIHAAFbI HETi3Ti Kegeprizep KaHAai?

MamaHAapABIH >KOKTBIFBI

JKyxTi aiteaaepain KeTkidikcis
aKIapaTTaHABIPBLAYHI

TeorpadpusiabIk aAMIaKThIK

Kap>KBLABIK ITIeKTeyep (KBI3MeTTep TeK
aKBIABI)

MeaunuHa KbIaMeTKepAepiHiH JKeTKiiKci3

xabapaap 60aysr

A5 - Attitude - single choice

Cizain mikipinisie kepceTkim 6oaFaH Karjaiiaa
MHBa3VBTi ITpeHaTaaAbl AMaTHOCTMKA >Kacay

KasKer re?

Kaxer, mingerTi Typae

JKyxTiniH Keaicyiven

KaxkeTi koK

Bbuameitmua

A4 - Attitude - single choice

MeantinHaAbIK reHeTHKa CaAaCbIHAAFbI
KBI3METTepAi AaMBbITy eAiMi3 yIIIiH MaHbI3AbI A€l

oiiaaiicei3 6a?

Wb, eTe MaHbBI3ABL
Mo, maHbBI3ABI
JKayan Gepy KubIH

JKok, MaHBI3ABI eMec

A6 - Self-assessment - single choice

JKyxTiaik KesiHaeri ypBIKTHIH 4aMy aKayaapbl
JKoHe XPOMOCMABIK aHOMaANsAapbIH aHBIKTay

6aprCbIHAafI>I IIpeHaTaabAbl TEHETUKAABIK

English translation

Note: Descriptive only.

How do you rate the accessibility of medical
genetic care for pregnant women in your
region? (scale 1-5)

1 - Not accessible

2 — Accessible with difficulty

3 —Partly accessible

4 - Generally accessible

5 — Fully accessible

Note: Covariate (1-5).

What are the main barriers to pregnant women

receiving genetic care?

Shortage of specialists

Inadequate information for pregnant women

Geographical distance

Financial constraints (services are fee-based

only)

Insufficient awareness among health workers

Note: Multiple response; descriptive.

In your opinion, is invasive prenatal diagnosis
necessary when indicated?
Necessary, mandatory

With the pregnant woman's consent (free
text)

Not necessary
I do not know (free text)

Note: Reported individually (main text, Table
4).

Do you think developing medical genetics
services is important for the country?

Yes, very important

Yes, important

Difficult to answer

No, not important

Note: Reported individually; former composite

coding shown.

How confident are you in your knowledge of
prenatal genetic screening for fetal

malformations and chromosomal anomalies?

n (%)

149 (11.2)
110 (8.3)

207 (15.6)
496 (37.3)

368 (27.7)

567 (42.6)

508 (38.2)

361 (27.1)

294 (22.1)

160 (12.0)

1230 (92.5)

3(0.2)

973 (73.2)
298 (22.4)
46 (3.5)

13 (1.0)

Score



Code  Kazakh original

CKPVMHUHT OOJIbIHINA 03 GiaiMiHi3re KaHIIaABIKTHI
ceHimaiciz?

ToapiFpIMeH ceHIMAIMIH

Heriari acniextisepin Gizemin

Koceimina 6iaim Kaker

TaxpIpHIITE TyCiHOEIMIH

A3 - Attitude - single choice

I'eneTuxaabIK KeHec OepyAiH eHriziayi TyKbIM
KyaJa¥IThIH aypyAapsl Oap 6aaasapAblH TybLAY

SKUiAITIH TOMEHAeTeAl Aell oiiaancei3 6a?
J4E)
Mymkin
Kok

TycinGeaim

Block 3. Clinical and counselling practice

Code  Kazakh original
P7 - Practice - single choice

Counrpl Oip bl ilTiHAE TAITeHTTepAl
MeANIIMHAABIK TeHeTHK Adpirepine

KOHCyAbTaI[VsIFa 5K0AAaAbIHBI30a?

Kui
Keiige

Koasamaasim

P5 - Practice - single choice

MeauKo-reHeTUKaAbIK 3epTTeyAepain

HOTIDKeAepiH e3 IpaKTUKaHbI3Aa KOA4aHackr3 6a?

s, TypaxTsr Typae
Kerge

Emkarnran

P4 - Practice - single choice

HPEHaTa/lB,ZLBI JKoHe HeOHaTaAabAbl CKpI/IHI/IHITiH
MaHbBI3AbIABIFBI TYPaAbl HallMIEHTTEPMEH auriMe

oTKizeci3 6e?

Kui
Kerge
Emkarnran

Opune

P1 - Practice - single choice

English translation n (%)
Fully confident 517 (38.9)
I know the main aspects 251 (18.9)
I need further training 516 (38.8)
I do not understand the topic 46 (3.5)

Note: Self-assessment; reported separately.

Do you think introducing genetic counselling

reduces the birth rate of children with

hereditary diseases?
Yes 1169 (87.9)
Maybe (free text) 8(0.6)
No 152 (11.4)
Did not understand (free text) 1(0.1)

Note: Offered options were yes and no; other

answers are free text.

English translation n (%)

In the past year, have you referred patients to a

medical geneticist for consultation?
Frequently 569 (42.8)
Sometimes 434 (32.6)
Did not refer 327 (24.6)

Note: Physician task under the national orders.

Do you use the results of medical genetic tests

in your practice?
Yes, regularly 641 (48.2)
Sometimes 477 (35.9)
Never 212 (15.9)

Note: Physician task under the national orders.

Do you talk with patients about the importance

of prenatal and neonatal screening?
Frequently 736 (55.3)
Sometimes 460 (34.6)
Never 131 (9.8)
Of course (free text) 3(0.2)

Note: *Free-text answer coded 0 under the

conservative rule.

Score

Score

0*



Code

Kazakh original

[MTanuentrepre (kepceTkimTep GoibIHIIA
MOAEKyASpAbI-TeHETUKAABIK TeCTieyaeH oTyTe

YCBIHBIC Oepecizbe?

J4E}
Keiige

Kok

SRC - Practice (descriptive) - single choice

JKyxTizik KesiHAeri MpeHaTaAAbIK CKPUHIHT

Typaabl aKIIapaTThl KaligaH aaacweiz?

Kannnkaasix HyckayabiKTap

Frrapivu xoudepennmsaap / ceMunapaap
OpinTectepaen

NurepHet/oaeymertik xeaisep
OpaaiteiMm

Keiige

IMoaukannuka

Yu.mettipOukesen

P2 - Practice - single choice

JKykTiaikTi >XOocmapaar XypreH XynTapFa TYKbIM
KyaAalThIH aypyAapAbIH KayTli Typaabl 9HriMe
Xyprisecis 6e?

Wb, TypakTh TYpAE
Keiige

Kok

P6 - Practice - single choice

[NarueHTTEpAIH MOAEKYASPABI-TEHETUKAALIK TECT
HoOTIUKeAepiH (MBICaAbl, TYKbIM KyaAalThIH
aypyJapra KyAiKTeHTeH JKarJalida KaHIIaAbIKTbI

KU aaaceis?

Kui
Cupex

Emkarnran

P3 - Practice - single choice

Kepcerkimm 60aran xaraaiija naryeHTrepre
HMIIT (mHBa3suBTi eMec peHaTaabAbl TECTidey)
oTyre KeHec Oepecizbe?

Us, sapaartisiv

Kerge

Emkarnran

TR - Exposure - single choice

CoHfbI 3 XXblA4a MEANIIMHAABIK TeHeTHUKa

GolibIHIIIa OKY HeMece ceMUHapAapFa

English translation

Do you recommend molecular genetic testing
to patients when indicated?

Yes

Sometimes

No

Note: Physician task under the national orders.

Where do you get information about prenatal

screening during pregnancy?

Clinical guidelines

Scientific conferences or seminars
Colleagues

Internet or social media

"Always" (free text)

"Sometimes" (free text)
"Polyclinic" (free text)

"From the district nurse" (free text)

Note: Covariate: guidelines or conferences
(EBM) versus other.

Do you talk with couples planning a pregnancy
about the risk of hereditary diseases?

Yes, regularly

Sometimes

No

How often do you receive patients' molecular
genetic test results (e.g., when a hereditary
disease is suspected)?

Frequently

Rarely

Never

Note: Physician task under the national orders.

Do you advise patients to undergo NIPT (non-
invasive prenatal testing) when indicated?
Yes, always
Sometimes
Never

Note: Physician task under the national orders.

Have you attended training or seminars on

medical genetics in the last 3 years?

n (%)

985 (74.1)
245 (18.4)

100 (7.5)

667 (50.2)
188 (14.1)
253 (19.0)
212 (15.9)
6 (0.5)
2(02)
1(0.1)

1(0.1)

933 (70.2)
309 (23.2)

88 (6.6)

594 (44.7)
556 (41.8)

180 (13.5)

844 (63.5)
387 (29.1)

99 (7.4)

Score

EBM

EBM

Other

Other

Other

Other



Code  Kazakh original
KaTBICTBIHBI3 Da?

J4E}

Kok

English translation n (%)
Yes 438 (32.9)
No 892 (67.1)

Note: Exposure; counted as 2/0 only in the
eight-item sensitivity version of the practice

index.

Block 4. Cytogenetics, screening stages and invasive diagnosis

Code  Kazakh original
K5 - Knowledge - single choice

Tpucomusaap (JayH CMHAPOMBI) Kait

XPOMOCOMaHbIH aHOMaAWACKIMEH OaliAaHbICThI?

21-xpomocoma
13-xpomocoma
18-xpomocoma
X-xpomocoma
JKayam >xoK

K7 - Knowledge - single choice

Tpucomusaap (SaBapAc CMHAPOMEI) Kait
XpoMoOcoMaaapAblH aHOMaAUACBIMEH

0OaraaHbICTHI?

18-xpomocoma
13-xpomocoma
21-xpomocoma
X-xpomocoma
JKayam >xoK

K6 - Knowledge - single choice

Tpucomusaap ( Ilatay cunapomsr) Kait
XpoMOcOoMaapAblH aHOMaAUACKIMEH

0anmaaHbICTHI?

13-xpomocoma
18-xpomocoma
21-xpomocoma
X-xpomocoma
JKayam >xoK

K2 - Knowledge - single choice

JKyKTiZik ke3iHAe )KacaAaTblH IIPeHaTaAAbl

CKPMHUHITIH Kail Ke3eHAepi eH MaHbI3AbI?

1-1m1i >xeHe 2-111i TpUMeCTp

3-1m1i TpuMecTp

Tex Gocany aaapinja

JKyxTizik xesinge ckpuHnurKaxer emec

RR - Practice (descriptive) - multiple response
Cizaiy XYKTi diteagepai IpeHaTaAAbl MUHBAa3UBTL
AVaTHOCTMKA >Kacay¥a (MbICaAbl, aMHIOII€HTe3-

KaraHakK CybIH aBblll 3epTTey) KoaAayaaH 6ac

English translation n (%)

Trisomy (Down syndrome) is associated with

an anomaly of which chromosome?

Chromosome 21 772 (58.0)
Chromosome 13 205 (15.4)
Chromosome 18 81 (6.1)
X chromosome 269 (20.2)
No answer 3(0.2)
Trisomy (Edwards syndrome) is associated
with an anomaly of which chromosome?
Chromosome 18 686 (51.6)
Chromosome 13 247 (18.6)
Chromosome 21 199 (15.0)
X chromosome 194 (14.6)
No answer 4(0.3)
Trisomy (Patau syndrome) is associated with
an anomaly of which chromosome?
Chromosome 13 758 (57.0)
Chromosome 18 205 (15.4)
Chromosome 21 190 (14.3)
X chromosome 173 (13.0)
No answer 4(0.3)
Which stages of prenatal screening during
pregnancy are the most important?
First and second trimester 1194 (89.8)
Third trimester 73 (5.5)
Only before delivery 27 (2.0)
Screening is not needed during pregnancy 36 (2.7)

What are your reasons for not referring
pregnant women for invasive prenatal

diagnosis (e.g., amniocentesis)?

Score

Score



Code  Kazakh original English translation n (%) Score

TapTYBIHBI3ABIH ce0ebi?

VuBa3uBTi aaicTepAin acKbIHY KayTIiHiH 00AybI Risk of complications (pregnancy loss, 709 (53.3) —
(xykriaikriy ysiayi, nadexnms 1.6.) infection, etc.)
[NaryeHTTEPAIH KOPKBIHBIIIL KoHe MHBAa3UBTi Patients' fear and refusal of the procedure 634 (47.7) —

IporieAypaHsl KaObLa4aMaybl

MeauHaABIK, 9THKa HeMece KYKBIKTHIK Ethical or legal issues (difficulty obtaining 181 (13.6) —
Maceaeaep (PyKcaT ady KMbIHABIFBI) permission)

ITarueHTTiH 91€yMeTTiK-9KOHOMMUKAABIK, Patient's socioeconomic situation (cannot 164 (12.3) —
JKarAaiel (Kap>KBLABIK, MYMKIiHAIKTepi 5KOK) afford it)

Kypaa-xabapikTapAbIH HeMece MaMaHAapAbIH Lack of equipment or specialists 150 (11.3) —
KeTicrieyniairi

VIHBa3MBTi AMarHOCTMKA HATVKeAePiH OHAeY Difficulty processing and interpreting results 146 (11.0) —

MeH TYCIHAIPY KMBIHABIKTapbI

MeauiuHa KbI3sMeTKepAepiHiH TaxipubeciHing Insufficient experience or knowledge of 108 (8.1) —
JKEeTKIiAIKCi3iri ,0iaiM geHreniHig ToMeHAir health workers
backa cebenrtep Other reasons 134 (10.1) -

Note: Multiple response; descriptive.

$1.4. Scoring rules

Knowledge index (0-12). One point was awarded for each correct answer on K1-K12. K11 (multiple response) scores
1 only when ultrasound and the PAPP-A/B-hCG option are both selected and no other option is selected. K9
(maternal age) was keyed to 35 years in the analysis; the national orders specify 37 years. The mean of the 11 items
without K9, and with 18+0-21+¢ weeks also accepted for K10, is reported in the main text (Table 8).

Practice index (0-14). This is the sum of P1-P7 coded 2/1/0. Training attendance (TR) is analyzed as an exposure, not

a practice; an eight-item version counting TR as 2/0 is used in a sensitivity analysis.

Attitude items. A1-A5 are reported individually; A6 (self-rated confidence) is a self-assessment and is reported
separately. The previously summed attitude score (A1-A6, 0-12) is described in Table S5 and is used only as a

covariate in the practice models.
Categories. For knowledge and practice: a score below 60% of the maximum, poor; 60-79.9% is moderate; 80% or
above is good. These are operational cut-points, not validated competency standards.

Free text. Free-text answers that matched a predefined category were recoded to it; others were coded as 0 (practice)

or "other" (information source).

S1.5. Notes on the key
* K9: the analysis key (35 years) did not match Orders No. 704 and No. KR DSM-92 (37 years). This is an error in the

answer key, not in data collection; the item and its options were presented as designed.

* K11: a multiple-response item, scored all-or-nothing as described in 51.4.

¢ K12: the question asked how results are interpreted.

* TR: this is not part of the practice index.

* Attitude items: these are not summed, because the coding ranked "mandatory" above "recommended", A6

measures confidence, and the sum had a ceiling effect.



Table S1. Multiple-response questions, overall and by level of care

Response Overall, n (%) 95% CI Primary care, n Hospital or p
N =1330 (%) perinatal, n (%)
N =1150 N =180

KD1. Which are the main regulatory documents governing prenatal screening during pregnancy in the Republic of Kazakhstan?

Order No. 272 of 27 April 2015 on state service 81 (6.1) 49-75 58 (5.0) 23 (12.8) <0.001
standards in health care (distractor)

Order No. 52 of 31 March 2023, standards of 169 (12.7) 11.0-14.6 149 (13.0) 20 (11.1) 0.549
neonatal care (distractor)

Order No. KR DSM-54 (2022), standard for 397 (29.8) 27.5-32.4 326 (28.3) 71 (39.4) 0.004
organizing prenatal ultrasound screening

Order No. 704 (2010), rules for organizing 406 (30.5) 28.1-33.1 317 (27.6) 89 (49.4) <0.001
screening

Order No. KR DSM-92 (26 August 2021), 934 (70.2) 67.7-72.6 820 (71.3) 114 (63.3) 0.035

standard for organizing obstetric and

gynecological care

KD2. Which genetic diagnostic methods used during pregnancy do you know?

Prenatal ultrasound screening 1027 (77.2) 74.9-79.4 874 (76.0) 153 (85.0) 0.007
Biochemical screening (PAPP-A, 3-hCG, etc.) 813 (61.1) 58.5-63.7 701 (61.0) 112 (62.2) 0.805
Non-invasive prenatal testing (NIPT) 147 (11.1) 9.5-12.9 108 (9.4) 39 (21.7) <0.001
Invasive diagnosis (amniocentesis, chorionic 295 (22.2) 20.0-24.5 228 (19.8) 67 (37.2) <0.001
villus sampling)

Molecular genetic tests 364 (27.4) 25.0-29.8 308 (26.8) 56 (31.1) 0.243
I do not know 30(2.3) 1.6-3.2 25(2.2) 5(2.8) 0.588
K11. Which examinations make up combined prenatal screening in the first trimester?

Ultrasound examination 1042 (78.3) 76.1-80.5 901 (78.3) 141 (78.3) >0.999
Biochemical markers (PAPP-A, 3-hCG) 930 (69.9) 67.4-72.3 802 (69.7) 128 (71.1) 0.793
Invasive testing (amniocentesis) 153 (11.5) 9.9-13.3 127 (11.0) 26 (14.4) 0.208
Unconjugated estriol 22 (1.7) 1.1-2.5 19 (1.7) 3(1.7) >0.999
AFP and inhibin A 50 (3.8) 29-49 43 (3.7) 7 (3.9) 0.835
Visual follow-up of the pregnancy 189 (14.2) 12.4-16.2 165 (14.3) 24 (13.3) 0.818
BR. What are the main barriers to pregnant women receiving genetic care?

Shortage of specialists 567 (42.6) 40.0-45.3 506 (44.0) 61 (33.9) 0.012
Inadequate information for pregnant women 508 (38.2) 35.6-40.8 405 (35.2) 103 (57.2) <0.001
Geographical distance 361 (27.1) 24.8-29.6 317 (27.6) 44 (24.4) 0.418
Financial constraints (services are fee-based 294 (22.1) 20.0-24.4 257 (22.3) 37 (20.6) 0.630
only)

Insufficient awareness among health workers 160 (12.0) 10.4-13.9 120 (10.4) 40 (22.2) <0.001
RR. What are your reasons for not referring pregnant women for invasive prenatal diagnosis (e.g., amniocentesis)?

Risk of complications (pregnancy loss, 709 (53.3) 50.6-56.0 604 (52.5) 105 (58.3) 0.149
infection, etc.)

Patients' fear and refusal of the procedure 634 (47.7) 45.0-50.4 547 (47.6) 87 (48.3) 0.873
Ethical or legal issues (difficulty obtaining 181 (13.6) 11.9-15.6 154 (13.4) 27 (15.0) 0.559
permission)

Patient's socioeconomic situation (cannot 164 (12.3) 10.7-14.2 143 (12.4) 21 (11.7) 0.903
afford it)

Lack of equipment or specialists 150 (11.3) 9.7-13.1 130 (11.3) 20 (11.1) >0.999
Difficulty processing and interpreting results 146 (11.0) 9.4-12.8 124 (10.8) 22 (12.2) 0.608
Insufficient experience or knowledge of health 108 (8.1) 6.8-9.7 92 (8.0) 16 (8.9) 0.661
workers

Other reasons 134 (10.1) 8.6-11.8 116 (10.1) 18 (10.0) >0.999



Percentages sum to more than 100 because several answers were allowed. Wilson 95% CI. p, Fisher's exact test (primary care versus

hospital or perinatal unit), unadjusted. Additional summary (analysis file, n = 1331): 97 respondents (7.3%) selected all three relevant orders

and no distractor, they recognized a mean of 2.0 of five diagnostic methods; 79 (5.9%) named all five.

Table S2. Checklist for Reporting Results of Internet E-Surveys (CHERRIES)

Item category
Design

IRB approval and

informed consent

Development and pre-

testing

Recruitment process

Survey administration

Response rates

Preventing multiple

entries

Analysis

Checklist item

Describe survey design

IRB approval

Informed consent

Data protection

Development and testing

Open or closed survey

Contact mode
Adpvertising

Web/E-mail

Context
Mandatory/voluntary
Incentives

Time/date
Randomisation of items
Adaptive questioning
Number of items
Number of screens
Completeness check
Review step

Unique site visitor

View rate
Participation rate
Completion rate

Cookies used

IP check
Log file analysis

Registration

Handling of incomplete

questionnaires

Questionnaires submitted

with an atypical timestamp

Statistical correction

Reported

Cross-sectional open online survey; convenience sample of clinical staff in

antenatal care (Section 2.1-2.2).

Local Bioethics Commission, Khoja Akhmet Yassawi University, protocol No.
4/26 (8 May 2026), conclusion No. 216 (29 May 2026) (Section 2.6; S2).

Opening page stated the purpose, intended use of data and anonymity;

electronic consent required to proceed (item C1).

No names, contact details, facility identifiers or IP-based identifiers collected;
data held by the study team.

Items mapped to national orders; reviewed for clarity by two obstetrician-
gynecologists and one public health specialist (Section 2.3). No formal pilot.

Open survey; link distributed through the regional health administration.

Initial contact online through regional health administration channels.
No public advertising; invitation by regional health administration only.

Web form (Google Forms); data captured automatically.

Invitation distributed to facilities of all levels in Turkistan region.
Voluntary participation.

None.

1 June to 30 July 2026.

No; fixed order in four blocks.

No.

38 items (35 content items, 3 respondent items).

Four content blocks after the consent and respondent items.

All items mandatory; a form could be submitted only when complete.
Not specified in the form settings reported here.

Not recorded by the platform; view rate cannot be calculated.

Not available.
Not available (views not recorded).
1331 forms submitted; all complete (mandatory items).

No.

No (IP addresses not collected).
Timestamps checked: all 1331 distinct.

No registration; 13 repeated full response profiles (19 additional records)

retained in the primary analysis and removed in a sensitivity analysis.
Not applicable (no incomplete submissions).

Completion time not recorded; not assessed.

No weighting; sample described as a convenience sample; no regional

workforce denominator was obtained, so coverage cannot be estimated.

Checklist from Eysenbach (J. Med. Internet Res. 2004, 6, e34).



Table S3. Knowledge items by level of care

Code  Item Correct, n 95% CI Primary Hospital P Most frequent incorrect
(%) care, % or answer, n (%)
N =1331 correct perinatal,

% correct

K1 What are the main aims of prenatal ~ 1224 (92.0) 904-933  92.1 91.1 0.768 Determining fetal sex, 55 (4.1)

genetic screening?

K2 Which stages of prenatal screening 1195(89.8)  88.0-91.3 89.8 89.4 0.224 Third trimester, 73 (5.5)
during pregnancy are the most
important?

K3 What is karyotyping? 836 (62.8) 60.2-654  61.7 69.4 0.147 A method for detecting gene

mutations, 243 (18.3)

K4 Which first-trimester maternal 776 (58.3) 55.6-60.9  59.6 50.6 0.075 PAPP-A, 3-hCG, AFP, 477
serum biochemical markers are (35.9)
used in Kazakhstan to detect
developmental defects and
chromosomal anomalies?

K5 Trisomy (Down syndrome) is 772 (58.0) 55.3-60.6  56.6 67.2 0.022 X chromosome, 269 (20.2)

associated with an anomaly of
which chromosome?

Ké Trisomy (Patau syndrome) is 758 (56.9) 54.3-59.6  56.3 61.1 0.763 Chromosome 18, 205 (15.4)
associated with an anomaly of
which chromosome?

K7 Trisomy (Edwards syndrome) is 686 (51.5) 48.9-542 512 53.9 0.784 Chromosome 13, 247 (18.6)
associated with an anomaly of
which chromosome?

K8 In which week of pregnancy is the 652 (49.0) 46.3-51.7  50.6 38.3 <0.001 9+0-12+6 weeks, 350 (26.3)
first prenatal ultrasound screening
performed?

K10 In which week of pregnancy is the 483 (36.3) 33.7-389 369 32.8 0.007 18+0-21+6 weeks, 401 (30.2)
second prenatal ultrasound
screening performed?

K11 Which examinations make up 483 (36.3) 33.7-389 n/a n/a n/a Ultrasound alone, 292 (21.9)
combined prenatal screening in the
first trimester?

K12 In what unit are the results of first- 218 (16.4) 14.5-185 134 35.6 <0.001 TU/L, 499 (37.5)
trimester (combined) prenatal
screening interpreted?

K9 From what age are pregnant 148 (11.1) 9.5-12.9 9.8 19.4 0.003 From 35 years, 550 (41.4)
women considered at high risk of
congenital and hereditary
pathology?

Proportion correct from the analysis file (n = 1331); K9 is shown against the national key (37 years). p, Fisher's exact test across all response
options, primary care versus hospital or perinatal unit (export, n = 1330). K11 was scored all-or-nothing from a multiple-response list, so

workplace percentages are not available from the export.



Table S4. Item responses by level of care

Primary care versus hospital or perinatal unit (institutional export; Fisher's exact test, unadjusted).

Response Primary care, n (%) Hospital or perinatal, n
N =1150 (%)
N =180

AW. Do you know whether a medical genetics service operates in the region where you work? (p =0.059)

Yes, fully 756 (65.7) 134 (74.4)
Partly 237 (20.6) 30 (16.7)
Not aware 157 (13.7) 16 (8.9)

K1. What are the main aims of prenatal genetic screening? (p = 0.768)

Assessing the risk of chromosomal anomalies 1059 (92.1) 164 (91.1)
Determining fetal sex 46 (4.0) 9(5.0)
Assessing placental function 45 (3.9) 7 (3.9)
K8. In which week of pregnancy is the first prenatal ultrasound screening performed? (p =<0.001)

9+0-12+ weeks 301 (26.2) 49 (27.2)
107-14+¢ weeks 118 (10.3) 19 (10.6)
11+0-13+¢ weeks 582 (50.6) 69 (38.3)
12+0-14+¢ weeks 149 (13.0) 43 (23.9)
K10. In which week of pregnancy is the second prenatal ultrasound screening performed? (p = 0.007)

16+0-20* weeks 183 (15.9) 32(17.8)
18+0-21* weeks 331 (28.8) 70 (38.9)
19+0-21*0 weeks 424 (36.9) 59 (32.8)
19+6-21*0 weeks 212 (18.4) 19 (10.6)

K4. Which first-trimester maternal serum biochemical markers are used in Kazakhstan to detect developmental defects and chromosomal

anomalies? (p = 0.075)

PAPP-A, 3-hCG 685 (59.6) 91 (50.6)
PAPP-A, 3-hCG, AFP 401 (34.9) 76 (42.2)
Inhibin A 20 (1.7) 6(3.3)
Unconjugated estradiol 44 (3.8) 7 (3.9)
K3. What is karyotyping? (p = 0.147)

A method for studying chromosome number and structure 710 (61.7) 125 (69.4)
A method for detecting gene mutations 213 (18.5) 30 (16.7)
Assessing fetal developmental stage by ultrasound 174 (15.1) 17 (9.4)
Assessing hormone levels in the body 53 (4.6) 8 (4.4)
K9. From what age are pregnant women considered at high risk of congenital and hereditary pathology? (p = 0.003)

From 30 years 161 (14.0) 20 (11.1)
From 32 years 34 (3.0) 2(1.1)
From 35 years 486 (42.3) 64 (35.6)
From 37 years 113 (9.8) 35(19.4)
From 40 years 356 (31.0) 59 (32.8)
K12. In what unit are the results of first-trimester (combined) prenatal screening interpreted? (p =<0.001)

MoM (multiple of the median) 154 (13.4) 64 (35.6)
IU/L 447 (38.9) 52 (28.9)
g/L 260 (22.6) 30 (16.7)
"MM" (abbreviation as printed on the form) 289 (25.1) 34 (18.9)

A2. Do you think prenatal screening for fetal malformations and chromosomal anomalies should be mandatory for all pregnant women? (p
=0.103)

Yes, mandatory 970 (84.3) 156 (86.7)
Yes, recommended 101 (8.8) 8 (44)
Only when indicated 53 (4.6) 13 (7.2)

No 26 (2.3) 3(L.7)



Response Primary care, n (%) Hospital or perinatal, n
N =1150 (%)
N =180

A1. What is your attitude to referring pregnant women at risk of congenital and hereditary pathology to a geneticist? (p =0.127)

I consider it mandatory 1004 (87.3) 157 (87.2)
Recommended but not mandatory 97 (8.4) 9 (5.0
Not needed, should be voluntary 27 (2.3) 11 (6.1)
Negative 22 (1.9) 3(1.7)

TOP. In your opinion, is termination of pregnancy on medical grounds appropriate when a severe untreatable hereditary disease is detected?
(p=0.141)

Yes 898 (78.1) 131 (72.8)
Difficult to answer 209 (18.2) 44 (24.4)
No 43 (3.7) 5(2.8)
PAW. How do you rate the population's awareness of what medical genetics services offer? (p =0.532)

High 513 (44.6) 84 (46.7)
Moderate 554 (48.2) 80 (44.4)
Low 83(7.2) 16 (8.9)
AC. How do you rate the accessibility of medical genetic care for pregnant women in your region? (scale 1-5) (p =0.013)

1 - Not accessible 132 (11.5) 17 (9.4)

2 — Accessible with difficulty 103 (9.0) 7 (3.9)

3 - Partly accessible 180 (15.7) 27 (15.0)
4 — Generally accessible 434 (37.7) 62 (34.4)
5 — Fully accessible 301 (26.2) 67 (37.2)
AS5. In your opinion, is invasive prenatal diagnosis necessary when indicated? (p =0.901)

Necessary, mandatory 1061 (92.3) 169 (93.9)
With the pregnant woman's consent (free text) 3(0.3) 0(0.0)
Not necessary 80 (7.0) 11 (6.1)

I do not know (free text) 6 (0.5) 0(0.0)

A4. Do you think developing medical genetics services is important for the country? (p =0.348)

Yes, very important 835 (72.6) 138 (76.7)
Yes, important 265 (23.0) 33 (18.3)
Difficult to answer 40 (3.5) 6 (3.3)
No, not important 10 (0.9) 3(1.7)
A6. How confident are you in your knowledge of prenatal genetic screening for fetal malformations and chromosomal anomalies? (p = 0.483)
Fully confident 441 (38.3) 76 (42.2)
I’ know the main aspects 218 (19.0) 33 (18.3)
I need further training 448 (39.0) 68 (37.8)
I do not understand the topic 43 (3.7) 3(1.7)
A3. Do you think introducing genetic counselling reduces the birth rate of children with hereditary diseases? (p = 0.641)

Yes 1012 (88.0) 157 (87.2)
Maybe (free text) 8(0.7) 0(0.0)
No 129 (11.2) 23 (12.8)
Did not understand (free text) 1(0.1) 0(0.0)

P7. In the past year, have you referred patients to a medical geneticist for consultation? (p =<0.001)

Frequently 507 (44.1) 62 (34.4)
Sometimes 381 (33.1) 53 (29.4)
Did not refer 262 (22.8) 65 (36.1)
P5. Do you use the results of medical genetic tests in your practice? (p =0.004)

Yes, regularly 571 (49.7) 70 (38.9)
Sometimes 409 (35.6) 68 (37.8)
Never 170 (14.8) 42 (23.3)

P4. Do you talk with patients about the importance of prenatal and neonatal screening? (p = 0.060)



Response Primary care, n (%)

N =1150
Frequently 643 (55.9)
Sometimes 401 (34.9)
Never 103 (9.0)
Of course (free text) 3(0.3)

P1. Do you recommend molecular genetic testing to patients when indicated? (p = 0.428)

Yes 847 (73.7)
Sometimes 218 (19.0)
No 85 (7.4)
SRC. Where do you get information about prenatal screening during pregnancy?

Clinical guidelines 589 (51.2)
Scientific conferences or seminars 152 (13.2)
Colleagues 226 (19.7)
Internet or social media 179 (15.6)
"Always" (free text) 3(0.3)
"Sometimes" (free text) 1(0.1)
"Polyclinic" (free text) 0(0.0)
"From the district nurse" (free text) 0(0.0)

P2. Do you talk with couples planning a pregnancy about the risk of hereditary diseases? (p =<0.001)

Yes, regularly 826 (71.8)

Sometimes 262 (22.8)

No 62 (5.4)

P6. How often do you receive patients' molecular genetic test results (e.g., when a hereditary disease is suspected)?
Frequently 510 (44.3)

Rarely 494 (43.0)

Never 146 (12.7)

P3. Do you advise patients to undergo NIPT (non-invasive prenatal testing) when indicated? (p =0.330)

Yes, always 735 (63.9)
Sometimes 334 (29.0)
Never 81 (7.0)

TR. Have you attended training or seminars on medical genetics in the last 3 years? (p =0.013)

Yes 364 (31.7)
No 786 (68.3)
KS5. Trisomy (Down syndrome) is associated with an anomaly of which chromosome? (p =0.022)
Chromosome 21 651 (56.6)
Chromosome 13 189 (16.4)
Chromosome 18 72 (6.3)

X chromosome 235 (20.4)
No answer 3(0.3)

K7. Trisomy (Edwards syndrome) is associated with an anomaly of which chromosome? (p = 0.784)
Chromosome 18 589 (51.2)
Chromosome 13 212 (18.4)
Chromosome 21 173 (15.0)
X chromosome 172 (15.0)
No answer 4(0.3)

K6. Trisomy (Patau syndrome) is associated with an anomaly of which chromosome? (p = 0.763)
Chromosome 13 648 (56.3)
Chromosome 18 180 (15.7)
Chromosome 21 166 (14.4)
X chromosome 152 (13.2)

Hospital or perinatal, n
(%)

N =180

93 (51.7)

59 (32.8)

28 (15.6)

0(0.0)

138 (76.7)
27 (15.0)
15 (8.3)

78 (43.3)
36 (20.0)
27 (15.0)
33 (18.3)

107 (59.4)
47 (26.1)
26 (14.4)
(p=0.028)
84 (46.7)
62 (34.4)
34 (18.9)

109 (60.6)
53 (29.4)
18 (10.0)

74 (41.1)
106 (58.9)

121 (67.2)
16 (8.9)

9 (5.0)

34 (18.9)
0 (0.0)

97 (53.9)
35 (19.4)
26 (14.4)
22 (12.2)
0 (0.0)

110 (61.1)
25 (13.9)
24 (13.3)
21 (11.7)



Response Primary care, n (%) Hospital or perinatal, n

N =1150 (%)
N =180

No answer 4(0.3) 0(0.0)
K2. Which stages of prenatal screening during pregnancy are the most important? (p = 0.224)

First and second trimester 1033 (89.8) 161 (89.4)
Third trimester 66 (5.7) 7 (3.9)
Only before delivery 20 (1.7) 7 (3.9)
Screening is not needed during pregnancy 31(2.7) 5(2.8)

Multiple-response items are in Table S1. Comparisons are unadjusted and exploratory; with 30 tests, about 1.5 would be expected to reach
p <0.05 by chance.

Table S5. Former attitude composite

Measure Attitude composite, 6 items (0-12)

Items A1-A6 coded 2/1/0 (Supplementary Material S1)
Mean + SD (% of maximum) 9.96 +1.96 (83.0)

Median (interquartile range) 10 (9-11)

Favourable (280% of maximum), n (%) 906 (68.1)

Cronbach's alpha 0.647

KMO; eigenvalues > 1 0.742; 1

aOR for recent training, favourable attitude (95% CI) 1.67 (1.26-2.21)

n =1331. The composite is not used as an outcome, because its coding ranked "mandatory" above "recommended", it mixes confidence (A6)

with attitudes, and it has a ceiling effect. It is retained only as a covariate in the practice models of the main text.

Table Sé6. Selected exploratory cross-tabulations

Column percentages; p as reported in the institutional cross-tabulation (n = 1330). These comparisons were not pre-
specified and are not adjusted for multiple testing or confounding.

a. Self-rated confidence (A6) by genetics training in the previous 3 years (TR) (p <.001)

Confidence \ Training No Yes Total

Knows the main aspects 175 (19.6%) 76 (17.4%) 251 (18.9%)
Does not understand the topic 38 (4.3%) 8 (1.8%) 46 (3.5%)
Fully confident 246 (27.6%) 271 (61.9%) 517 (38.9%)
Needs further training 433 (48.5%) 83 (18.9%) 516 (38.8%)
Total 892 (100.0%) 438 (100.0%) 1330 (100.0%)

b. Importance of developing genetics services (A4) by training (TR) (p = 0.001)

Importance \ Training No Yes Total
Difficult to answer 33 (3.7%) 13 (3.0%) 46 (3.5%)

No, not important 11 (1.2%) 2 (0.5%) 13 (1.0%)
Yes, important 225 (25.2%) 73 (16.7%) 298 (22.4%)
Yes, very important 623 (69.8%) 350 (79.9%) 973 (73.2%)
Total 892 (100.0%) 438 (100.0%) 1330 (100.0%)

c. Awareness of a local genetics service (AW) by referral to a geneticist in the past year (P7) (p <.001)

Awareness \ Referral Frequently Did not refer Sometimes Total

Partly aware 68 (12.0%) 100 (30.6%) 99 (22.8%) 267 (20.1%)
Fully aware 447 (78.6%) 163 (49.8%) 280 (64.5%) 890 (66.9%)
Not aware 54 (9.5%) 64 (19.6%) 55 (12.7%) 173 (13.0%)

Total 569 (100.0%) 327 (100.0%) 434 (100.0%) 1330 (100.0%)



d. Awareness of a local genetics service (AW) by perceived accessibility, 1-5 (AC) (p <.001)

Awareness \ Accessibility 1

Partly aware 23 (15.4%)
Fully aware 93 (62.4%)
Not aware 33 (22.1%)
Total 149 (100.0%)

2 3 4
32 (29.1%) 78 (37.7%) 98 (19.8%)
49 (44.5%) 93 (44.9%) 343 (69.2%)
29 (26.4%) 36 (17.4%) 55 (11.1%)
110 (100.0%) 207 (100.0%) 496 (100.0%)

5 Total

36 (9.8%) 267 (20.1%)
312 (84.8%) 890 (66.9%)
20 (5.4%) 173 (13.0%)
368 (100.0%) 1330 (100.0%)

e. Unit chosen for interpreting combined-screening results (K12) by use of genetic test results (P5) (p = 0.036)

Unit \ Use of results Never

IU/L 69 (32.5%)
"MM" 54 (25.5%)
MoM 40 (18.9%)
g/L 49 (23.1%)
Total 212 (100.0%)

Yes, regularly Sometimes
253 (39.5%) 177 (37.1%)
170 (26.5%) 99 (20.8%)
99 (15.4%) 79 (16.6%)
119 (18.6%) 122 (25.6%)
641 (100.0%) 477 (100.0%)

Total

499 (37.5%)
323 (24.3%)
218 (16.4%)
290 (21.8%)
1330 (100.0%)

Among respondents trained in the previous three years, 61.9% described themselves as fully confident in their

knowledge, compared with 27.6% of those not trained (Table Sé6a), although trained and untrained respondents did

not differ in objective knowledge (main text, Table 6).



Figure S1. Location of Turkistan region relative to the national medical genetics

services

(national\genetics services)

Shymkent

Schematic map with simplified borders. Straight-line distances from Turkistan city; road distances are longer.

Schematic map with simplified borders. Dashed lines show straight-line distances from Turkistan city to Almaty (+704 km)
and Astana (=908 km); road distances are longer.

Figure S2. Directed acyclic graph for the practice models

The practice models adjust for the left-hand covariates and also for knowledge and attitude, which may lie
on the path from training to practice; adjusting for them tends to shrink the training estimate.

Knowledge index,
Profession, attitude score
workplace
A
Genetics training Self-reported
(exposure) 7 practice (outcome)

Awareness,
accessibility,

information source

Unmeasured: age,
experience, facility

Training is the exposure and self-reported good practice the outcome. The practice models adjust for profession, workplace,
awareness, accessibility and information source, and also for the knowledge index and the former attitude score. These two
may lie on the path from training to practice, so adjusting for them tends to shrink the training estimate. Age, experience
and facility were not recorded and remain unmeasured confounders.



