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Retrospective and familial genetic analyses of Gitelman syndrome::

a report of four cases and a systematic literature review
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(1.Department of Endocrinology , The First Hospital of Lanzhou University , Gansu Clinical Medical Research Center
for Endocrine Diseases ; 2.Department of Endocrinology , The Third Medical Center of Chinese PLA General Hospital )
[ Abstract] Objective : To summarize the clinical and genetic features of four patients with Gitelman syndrome (GS) , and to investigate
the clinical heterogeneity , genotype—phenotype correlations , and treatment strategies of GS through a systematic literature review of
related articles published in the past five years in China and globally. Methods : A retrospective analysis was performed for the data of
four patients with GS who were admitted to The Third Medical Center of Chinese PLLA General Hospital ,including clinical manifestations,
laboratory findings , genetic testing results , and familial genetic data. Eight databases including PubMed , Embase , Web of Science,
the Cochrane Library, and CNKI were searched for related case reports, case series, and family studies published from January 1,2020
to August 13,2025, and conduct a systematic analysis of the included literature. Results : All four patients presented with varying

degrees of hypokalemia, and some of them had concomitant hypomagnesemia and metabolic alkalosis. Genetic testing revealed muta-

tions in the SLC12A3 gene in all patients, which were confirmed in
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family members. A total of 17 studies involving 17 patients were

included in the literature review, and the results showed that GS

genetic analysis revealed a wide spectrum of SLCI2A3 variations,

most of which were missense mutations, and some patients also had
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pletely normalize the serum level of magnesium after long—term treatment. Conclusion : GS had highly heterogeneous clinical and

heredity features, and its genotype—phenotype relationship remains unclear. Early identification, standardized potassium/magnesium

supplementation , and individualized combination therapy can help to improve clinical symptoms and enhance long—term quality of life.
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LA K- I AR R 0 22 S, 45 3 i 7 1A <2.0 mmol/L B,

P RRACTE MR, 141 7K S 7E 3.0~3.5 mmol/L 1) B2 353 % I PR
EE T RE UG K L WO R S5 T b TE N B g

B S PR, AT 7E 2.0~3.0 mmol/L 1 25 25 I PR IR 5t

R A Z T R RRA BV o EER B, 3 4h, i
Z , Hrp U= 01 2 IR B TCRER R R A0 fee o 0 L o EASTE

<2.0 mmol/L #Y B AT AT AE 1 BLIE D 55 SO FERD | B4 37 1 K

HZ
AR AT Z R A EIRE . A

A BRI TR — B T e

[J—ll-‘%70

To L AFE L Z AR (I el 53845, 2.0~2.5 mmol/L K&
3.0~3.5 mmol/L (AR LB A8 35 5 22 10 B RR DR A L5 7%
e, BT, 2.5~3.0 mmol/L Y AR 1ML 41 A
SRR Z R IN S L
EHYAE,2.0~2.5 mmol/L B LA A8 35 AT B¢ IR i1 2 [ s
B SRR 107 2.5~3.0 mmol/L AR I 4 £ 3 00 5 22 HH B R

H AN R] B4 25 PR SR A A R A
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R5 7P BERBREFRIE

gy A5 SERRIN T BB RAE A jii% ?{g %ﬁﬁ
Ma FH 2511012025 4 ANETHMF  SLC12A3:¢.1964G>A 94 s FIREEUR
Rocha JZ£1112023 4 LANETLAMT  SLC12A3:¢.852+1G>A g A iﬂuﬁaﬁ:
Chen WQ 442023 4F AHNETHMF  SLC12A3:¢.965-1_976delGCGGACATTTTTGins Bk A Btk
7 ACCGAAAATTTTSLCI2A3:¢.1112T>C, p.11e371Thr
Bi Y 41512023 4% AN AN SLC12A3:¢.857 ASC X e 2Rt
SLC12A3:¢.2089_2095del AL
Flisinski M ££°12022 4 EHNBTAIF  SLC12A3:¢.2186G>T, p.Gly729Val+c.1247G>C , p. - mE Bt
Cys416Ser
Chen SY FlJie N'7'20224F 24N B F2HIF  SLCI2A3:C.248G>A(p.Asg83GIn) i h Bowtk
SLC12A3:C.2532G>A(p. Trp844+) Tnx Z=4 TREECN
Chen Q%2021 4 B NS iN5g g]ngﬁg:cgg%—Tl%lG nug&ﬁ jtﬁ Tﬁ@%
3 :¢.2012 T> 7R Al REE
SLC12A3:¢.2038-1delGSLC12A3:¢.2012 T>G ) o :
Yu RZ il Chen MS!'220204F 4241 @ F41MFE  SLC12A3:chrl6:56903671, Exond ,¢.536T>A , p.Val179Asp Y dig Hotk
X145 45152020 47 AN T SLCI12A3:¢.2671C>G, p.Leu891Val <br> X e Buwtt
SLC12A3:¢.1077C>G, p.Asn359Lys
IR ale020 4 SHNBTLMTF  SLC12A3:¢.179C>T, p.Thr60Met 5L e BuURtE
SLC12A3:¢.2570A>G, p.Tyr857Cys BXRW
ZEfT H 4142021 4F AN THMF  SLC12A3:¢.1456delG>A , p.(Asp486Asn) (i A AIREEUR
CLCNKB:c.118delA, p.(Argd0Glyfs*4) AT B
HRE 251202021 4F SHNETAHMF  SLC12A3:¢.506-1G>A sEEGI A disy Fowitk
JE A 92023 4F HMETAHIMT  SLCI2A3:¢.433C>T, p.Argl45Cys i X e 2wtk
SLC12A3:c.1316G>T, p.Cly439Val
BRI 4132023 4F LHMEFLAMF  SLC12A3:¢.248G>A, p.Arg83GIn [ me HowtE
SLC12A3:¢.965-1_976delinsACCGAAAATTTT BRI
MR BEEENT2024 4F SHNBTFAHMF  SLC12A3:¢.911C>T, p. Thr304Met 38 ais Eowtk
Bt aEl0004 45 TR f? SLC12A3:¢.1262G>T, p.Cys421Phe X e BURM
PREETHEE212024 4F AHNB AT SLC12A3:c.1456G>A , p.Asp486Asn [i:pd iy Howtk
-, e
#6 17fEHEBTMBERBRL
. W R s
AL I WiV T
Ma FH %:11012025 4F FURGEALEZERE i R AR RRENEE RNER RIWIiA T & T3 P A 5 ZE L A 20 S AR
Rocha J%:112023 4F IR S AR B AN 785 EEIl S IRCEIN Ly S Gt IE k]
Chen WQ 4‘““”2023@ Sﬂbﬁ?{tﬁé/‘%ﬁﬁ 1 g 3%/d, NG 20 mg [FWIHH T % SR A 8 s
e
Bi Y %:572023 4F CRSALERZ B R 2 g 33/ RAETRER [FIR) iR )7 %8 SR | IS T 1E 5 K-
7 BE2 R 3U/d B2 R 40 mg/d
Flisifiski M 2572022 4¢ 95&%1&%&3 600 mg ¥X/4 h G ALEE 100 mg [RIWIIGRH -
K/8 h
Chen SY Hil Jie N'20224F IR K b kb 744 A% EEIYGHIES I 4% T+ & O'j% mr}(_)}{%,imi%i‘%q} T =
3.08 mmol/L, ¥ 57 i IR Bl 3%
Chen Q%2021 4F FALEZE R A 1 ¢ 3/ EALEE 188 mg [RIWIH T & MR AP IE 9% 57 6 &
1 R/ B F] 4 mg 1R/
Yu RZ I Chen MS''220204F 54 ZEREF 1 ¢ 3U/d EEILGIES ARG IMLRE 24 1F , FIRA TN 55 22
X $ 2152020 4F FRIKIBEA 1 RAD FESA AL 3~5 g/d ?@%ﬂh’%ﬁa Dﬁ&%& 10 mL 3%/, @ﬂg@;?%% AR Z T
10 mL 4 7/d &
MR E1012020 4 A ERE I%Wz%%% HL A R T RRUE O =
A 7 4142021 48 ;ﬂ[%%ﬂt’f%ﬁ%)# 1 g 3W%/d, BN 20 mg E%?%ﬁ%%ﬁ; g 31K/, %}f‘qﬁV‘aIEﬁ MM BER AT T, AT
X A BE 40 mg 21K/
FSEEA 4 2012021 4F 1 R e B i i 2547 71 E% %&%{W%%ﬁz g3/, %g BRI IE R T Z 4%
LIE 20 mg 2 K/d
PSS 182023 4F O ARGEAL MR A 1g 3 Uk/d AR FRATEE [FIM) 85 %8 HL A KO R T AR E
0.596 g 3 7/d B2 PR 20 mg 2 1K /d
BEIRIRAE 132023 45 I RN A/ N EEILCPES

MR 7202445

%ﬁ%[1912024 E

MREE G 212024 4F

KRN FE AL 15 mL/d, 1R T4 S R DH&%R@%%%Z 3/ 14 WA BT IARR
BER 1R 3/, B2 PR F 20 mg 3 Yk/d SARRAVEE 2 A 3UUd. i%’ir’wazo mg

3UUd
1l B2 i Bk bR (1 H B 39}3) ENEE AR REEE 140 mg3(}\/d S MR LR E W, 2 5=
40 mg 3 K/ M5 EE 25 mg 3R/ KR 1&%&3%%)#15@{}\/(1 MGl SE S JIREIR I N SR A
B JEDLYRIE 150 mg 17R/d 25 mg 3 /d. ﬂ;ﬁwwammgw\/d

JEDLYMH 150 mg 17%/d

IR PR 60 mg 2 YR/d 14 2 FR A EE l 2 i IR BRECL R I A IR, 5502 L4 3.00~3.20 mmol/LL, Il £ 0.79~

3 /d GRAEENEE 20 mL 3 Yc/d MR IRER B ORI I SO mg 2 /d, A% [ 0.84 mmol/L, FLIE R 2
WkL2.9 ¢ 3U/d N EES

T -, s
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K7 216 B2ETRE MK T HIGEREEEFHELLR
(r2,% ;mmol/L)

5 3.0~<35  25~<3.0  2.0~<2.5 <2.0
(n=2) (n=7) (n=9) (n=3)
I RFFAE
z7 2(16.67) 4(33.33)  4(33.33) 2(16.67)
EZ7N 1(25.00)  2(50.00)  1(25.00)
REARRA 1(25.00)  3(75.00)
kG 1(33.33)  1(33.33)  1(33.33)
IS 1(50.00) 1(50.00)
I ] ¥l 2(100.00)
AT = 1(100.00)
JE 1(100.00)
JE K 1(100.00)
AT 1(100.00)
TS 1(100.00)
[ B At 2 1(100.00)
THE 1(50.00)  1(50.00)
WL g% 1(100.00)
TEAERAR M 2(40.00)  3(60.00)
B FAE
FLH AR Y
X 3(15.00) 6(30.00)  9(45.00) 2(10.00)
(SN 1(100.00)
“i 1(50.00) 1(50.00)
AT 1(20.00)  1(20.00)  2(40.00)  1(20.00)
Je X 1(100.00)
HEP G ARRTS
i 1(1429) 3(42.86)  1(14.29) 2(28.56)
AE 3(33.33)  2(2222)  4(44.45)
3% iR

GS J&=— M 1 SLC12A3 FE R 58748 5 | /2 (1) & e o
PRBRPE I8 AR B /INE R, LI PR 3R B 45 (4 1
i AR B b A I E RIS RE S, -
H GSTENE IR 1 I AR T ARG PR 3R BUAE7E B 1 2
5, B £ T RE BRI SRy ol A A o AR 25 L
PEGERR 2 PR i R 1) B TR R4 5 a5 o
G BT T 2 15 12 W 190 o 0 2 R L i 5 1) 2t A AL
il B o AR MM 38T T 4 41 GS A
I RRR 5 R R 22 8521 P4 G RGeS
BREZEIR X5 GS I PR 5 B BRI SR 2 A 15 R Al
BYAR DG W AR PR T RS AT TR, LA
MRS BT R RS %

3.1 GS# 6 R &R 4 4E

AHEFE 4 1) GS B F I IR TR A 22 5 B .
SR, 3X 4491 55 35 H 3 B0 HE AS )R 32 A AU I , 5
I IBRE A Z 1 DU BORR AR S LR il SRR AR, 5
BRAE: SCHR AR T8 19 J5 5 DL R R IARAF, (HA R
(R , e rp o3 R R R B AT A7 A KN
AR B IMLAE , #2278 GS Ayl R R BB A — 2 i B
PEFIZHEE . B LG KRR I TC I e 1, PRl
WETH = 2 i e B L |, (IR URE 5 AR T v
ARG I TR R EX T GS 3, MEA: B A 5
W 5% 2 45 17 25 WG OB K 7 T e, R AP
Jines=ot gk [ 1 35 BA S B9 A B, GS S 1T I g
0 Ar S 14D AL R A A 5 VR B R AR 2 IR
3 HT 00 6 SR okt R A v 2 35 A 3 LA 7 P I e
SR AP [FIAE, TR 1 WA GBI TE & B, X 67
1] GS S F HEA TR VT, 32 61 & A T HEARI =, 1T GS
FRWE PRI s R A B B ™, AL 258 S
BB A S, 5 B B FR AT 0 P A A O
AT ) S OEUELS R HEIR | GS MG R R BLAEAE
o B S P . B AR AV IfLRE RN S A 28 AL R
e FURRAE M , (5 At 2 30 Can i 458 /K SF | ot 175 2 %
i PR EE AR B ) FEAN RS AR ) 2 S B Y Rl
PR S T AN T e R I2 W7 i 0 B2, 42
TN R S 3 W 5 45 SR Bl R RS DN DA e g 285
W I E A KT I A TER A AR
32 MEFHESARM-RAXZ

F 1996 4E 1 IR % B SLC12A3 KL pH 4l & 5 24 &
ZRAF I GS 19 K LUK , R HEBIF 5 IE 55 1% gk R 58 A8
559525 2 R0 25 D) AH OGP SLC12A3 G b 1 3z i
/N W) Na—Cl 3L 5% 32 85 FH (Na—Cl cotransporter,
NCC) , Hoj g 2 v] S 8ol Sl I i, A
Y R ARA IURE A48 I B IR JRAE" 0, 324Ky
1E, £ HGMD %4l e rh 2 s 2o 500 15 GS #HG
(875 | 3 S 245 i i Z AL 33 NCC R 1 T
RETE A E A B 16 B RIS A& 1 L A0 o A A
AN HEIE M K AR HE B R AR, AR ST SCHRZR A
S5 TP IR T 43 R V] RBAEAE B 2 A AL A
S0 M O T AT TR B2 D RB A IO UE . 45
G B AR SCHR , A0 58 45 3 5 REAE e 3l A — 34
o E A BEH p.D486N 5 p. T6OM Ay i Hil 58 A8 37 1111,
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ARG £ R o] WL B 5 2 A 0 2848 (Can B
2119 p.D486N) , L7 HAE T [ AFEHh ARk [A]
BF 03 98 2 0 BB A BUR 272 (R R 3R U
B 2 R B L LR R, |, $2 70 i PR R 5 3R 7 2 i)
FETEAR 58 2 —B0hE , HALH v] 895 KB i 3L 4 3
BRH RS, EA TR EEETHE
KT B A% B s AT BERF 75 B R BT AL 38, — 2L
i, PR 2 8 2 8 (18 504 AN DRI BT, i ) A i )
GS fBH BT 5 (A p.C430G ) B 5 g 2 1 848
JHEA SRS I R - GS 2 JE DRI I [
SIAT IR B L BT RO A R O 0 B A T AR
R LA T 73 T BEREZ R A R

HRAE 2016 4F 2e 35 42 BR B JIE % 7 20 21 (Kidney
Disease : Improving Global Outcomes, KDIGO ) & F i
Bt DA BUR B A0 br o i 22 19 GS ARREP I AE
SRR A R TR S AR B KT B 21 1] A
B AR B K247 43 21, I H AR 4 1 IR
FRAE . G5 B AT BAEC , thm PRE IR B A %
FLIG RAFAE Sl = 8 S0 i a3 5 BR AR o 25 S —
2 SR AR A B R AR RO R L, HLT
AT MA KA. BeAh 7R M <2.0 mmol/L
1 ERE T, CS A SE R 28 AR SRR X 24 (H
aiGRA ., R EFE IR R Kl 2k 22 7]
A8 M TR A B GS 19 & 93 #IL I B2 A — 52 A 4i , (AT
T I RARAS i (BT LA — 20 48 /R T T LA, R
Il PRIZ Y7 He LT B T ST

Zi b ARBEFEALIRAE T SLC12A3 $E H 58 A8 7
GS IR ML A% O b AL, B4R 7R GS 138t 1% 1 55
FEAE = 3 S I, 0 40 SE A Tl g 2 3 22 B DR 3 ) 3
g B A AR X o AR T 5 T g 2 S IR R R
FEA ) Z2 vt IF 5, LA BH 356 R 28 — 3R 700 ) L G
WRWEM B Z I sh Il R 2 W 5% 58
FAMRILIBYT I K
33 AL EERY

GS B ARG R 7E T SLC12A3 FE [N R AR T3
NCC e B B4 , 12 i A AULE B Je il /N 38, R
Bt Na/CL- A FE I, g - H i i JC e S R
725, I RIG YT A v e 2 I R AR KL
TG AFAE R DG UE B e ds e W], SO 2 1 i
YRR ), AL B8 A R e LB KT, 38 BE

3O P EERY 5 TR B I AE ) 24 1F BE Bk
PRy 7ok = 5 AR EL ARG, KIIR aEZ
TE AT RO S BT S E ESAE, IA MR TETR
FP R Z G E M ORI PR (AR N g A )
P | BT oK 3 ) ) RT3 ek o 2 G it /NS AR B B
R Bl I BRAS , M 7E £EBE RAAS B0 1Y &
AP RAAS JIAH 50 (i 7 55 o 3R 48k il 41 o 551/
A8 Bk 2R L ZARREHUR)) W AT 4R R G iRIT
PO, FEARWTE ARG G, 3097 DL E IR
JURAN R RDEE SR A O, B A (] ) 42 52 MR A g B
M IV IR L 2 R v A AR ™ SR R, REZHL
A AR AL EAN I AN BRI YT I A I B K A
B AT R AN ILTE Ty I 57 | IR R A 2575 5]
22 M o SR TS AT AR DRA Y AR A 22 51
29I BRONE (AR TR 5 RS FL AR IS A ) T B0 2
AEBCT IR T S e Ah , D EOR BIAERMEE S i
BEACEATIME L 58 2 A, S I BE 1T 7T BEAF7E#K
SiR (R T [ 1, 7 R B MR O R L 25
ERTIE , GS BYIR YT LA LA Bk e o B Bl DL O
H BRIV B RAAS 08 500 7T 422 i 7 28, AELAT T i 1 5%
A E IRIXE MRS JE S 250 B RO Sk, R
A5 AT HRZR G HERUIRYT SR , DLk B K
s 5A TR B,
3.4 FFRbE

AW GEAFAE— 58 Ry B - QO (91 5 D AL
A 48 FEAS R/ MELL A T s B GS FEFR IR
AR A I DR 1 28 R 3t 15 224 AE , DT 5T 24518 1 1
PEZBR . QABFE Ay B b [BUVERFFY , 383 e R
PERM AR B B SRS 588, AT RERE i X i PR R A
FRE i 53 BT . @R 24 R F AT 45 G
Sanger Il J¥* B UE & B0 T 24> BOw M 848 (H AR ST
A ST ) Al S 0 B E, B PR 7Y - Y 1 [RLR G R AT
Wb — LY . @RS SCHRER R BN 5 4R8N
4 THT B 995 91 41 8, (HL AT BEAF 7R & 35 D ey, HL 38 70 BF
FERETT ORI L, BRI T XIS i R . Rk
55 TF I RFEA 2 PO AT IE TS, IR 455 20
A=A S, LASE—25 B BH GS (Il PRAFAE | 35 A5 AL
FARAIOTT A

25 b AT I AR O A I R BT AT R G¢
OYHT L AR R B 2 DU UhE A v me b 2
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