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Abstract

Objective: To explore the incidence and adverse outcomes of metabolic acidosis (MA) in main-
tenance hemodialysis (MHD) patients at high altitude. Methods: Sixty-seven MHD patients were
selected from the hemodialysis room of Department of Nephrology, The Affiliated Hospital of

Qinghai University. Patients were divided into MA group (HCO,; < 21 mmol/L) and non-MA

group (HCO; >21 mmol/L) according to their bicarbonate HCOj; values. The general data and

clinical data of patients were collected, and the differences of general data, clinical data and la-
boratory indexes between the two groups were compared to discuss the occurrence and adverse
outcomes of MA. The measurement data conforming to normal distribution is expressed by
(X£5s), and the comparison between groups adopts t test. The data with non-normal distribution
are expressed by median and interquartile distance, and rank sum test is used for comparison
between groups. Risk factors were analyzed by Logistic regression analysis. Results: P values of
the smoking ratio, drinking ratio, combined cardiovascular disease ratio, unsaturated iron bind-
ing capacity UIBC, blood potassium K, blood urea nitrogen BUN, digestive tract discomfort ratio,
arrhythmia ratio, red cell count RBC, hematocrit HCT, hemoglobin HB, serum albumin ALB of the
two groups were <0.05, and there were statistical differences. Regression analysis showed that
there were statistical differences in the proportion of smoking, drinking, cardiovascular diseases
and unsaturated iron binding force UIBC (P < 0.05). Conclusion: The occurrence of MA during
MHD interval in high altitude areas is more common than that in plain areas. The increase of
smoking and drinking, the increase of cardiovascular diseases and the decrease of UIBC are the
risk factors of MA. The increase of BUN and K aggravates the occurrence of MA during MHD in-
terval, and MA may be involved in the occurrence of malnutrition, arrhythmia and digestive tract
symptoms, among which MA patients under the hypoxia environment may lead to compensatory
polycythemia to a certain extent.
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1. 518

VLB ME CKD J& 45 % Fl A 2 51 B B RS i nThse itk 3 M H, BHEE /NERIES % eGFR 1Y
BCRAHSCH Y ERATT  SEe AT 0 SRR A R, A IR A 3K eGFR < 60 mL/min KT 3
MH . ImR L CKD MRREH 2 AT S ML, R SELRIE N ESRD [1]. BEIFIEC 4L
A B R AE B IR, W AT FIE AR YT A 224 fiv o Iz H AT CKD i Ko S BLPE IS (2] -
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Rk, $EmE SIS ARIGIT R  EE e E . BRI X AL T LR T TR, RIWR LT = E
B3], A TR, MIERIRE S HCO, /KPR R 2 I B Thae %tk . B 4G BABIAF 78 K B
HCO; 7K-F3G I,  f 35 e AR 1 5 vl 1 XURG 2= B o BRI [4] . B e 38 A HLIR I 7= A & I Al HD i A2
—ANAE R, BTSRRI HY. HCO, ZE4RFRI AL [5]. AR EHAERR 5 MA 18] 5 84k Ret
WENT MHD B 3F RAMRARAME. O3 R S SRS INE L 6], XFImREA RS, S HIR
PRI 2R B HER 2 T Ko, DMERETIE MG /2R EEAI[7]. &0 7T R S b 5 K2 B
B B 95 A BHILBE AT AR Lo ) 67 451 MHD A3 MA RS, 3R MA IR fE IR AR 4R .
2. MER5FE
2.1. WARIR

HEHL 2020 45 11 A& 2021 4% 08 H H KM R B B o Ak iz At =5 B AR 12 W o he 4 1 s
(CKD-5 HA)FEHE47 4 F7 P MBGE T (MHD) YR YT 1 8 35 67 1] . IS g At R . HERR [ o 7= s
Tk, R RO B 18I KRR PRI BB RS, FIIAAT PR RS DL R GE AT &
FERGIEFENTE . BT B E R R & E BRAR AE ) S BT, BT & Y555 1S0 bk (BRIR S AR B Mt
), MLyiEA 200 mi/min, EHTIA E N 500 ml/min.
22. ARFZE
22.1. 94

FEIEHUE) 67 B 4E R PE MBGE T MHD 1) E 73 i d, ARUHERR 8 MA 41(HCO; < 21 mmol/L)
AR FF 5 MA 41(HCO; > 21 mmol/L).

222, —fg#EH

T = H R ] SR (Y) . SCHRRRE. . . R, BRI (A] (h).
2.2.3. IEABER

T = H SRR RRE(EE) BT (H) iETE A (kg)s LA (mmHg). ARZGTEDL. KAEIF
FAENE DL o

2.2.4. EWEIRHR

T 55— H S I (AT 4 TH 4 WBC, L4iifit £t RBC. 412 1 HGB. 44 &L HCT.
M/ iRHEL PLT 45), AE(EEE ALB. TRIEBERREE ALP. NZFR LRI ALT. RAXHREILETE
fiff AST. REMIEFEFER GGT. SHLIEK TBIL. EZHZEK DBIL. [A[#ZHZ % IBIL. JRZE % BUN,
WLEF SCr. JRIR UA. 45 Ca. % P. £t Mg. & CL. #f K. & Na. AEfELE4 71 UIBC, IMidEEk SI %),
REFEEEN SF. C M CRP. Iyl ESCR. HURZFMME iPTH. MR HCY, 115k
EAWAE TSAT (TSAT iHE AR AN MEZ/TIBC x 100%). B /NERIET % eGFR (MDRD fijfb A R
%M eGFR = 175 x Cr-1.234 x 4% —0.179; L eGFR = 175 x Cr-1.234 x 4E#% —0.179 x 0.79). #5f7fe
1 Ca x P (AR IEML[Ca?*] (mg/L) = SZ[Ca®*] (mg/L) + 0.8 x (4-F1 & A1) E MLiER IEF5{H). KV
(Kt/V =—In(R-0.008 x t) + (4 — 3.5 x R) x UF/W, W NiEHT/51AE, UF NilIEE, t AENEE, R AE
T J5 5B AT A I LR 3= PO AR

2.3. GtERE
FIF SPSS23.0 #it, HEZRFEESMI(X )R, WAL LECRH t K, AEIEAS A 1
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THEBOR T AL B Y 7 B e B o, L) BUABCR AR AR 365 ez 2 73 AR A Logistic 519 73 #r .
kR KIE P < 0.05 Fon =R AASHHAE L.

3. R
3.1 —HgEE

1E 67 Bl EIE, Bk 50 B, Lotk 17 B, PR (55.01 + 11.87) % “FHENT#Y(31.07 £ 26.72) H ;
INPRAS, WAL MRS R SCACFERE . E i, BRI ] E 25, Hi. Ol Helr P <
0.05, BAGI AR L. Ik 1.

Table 1. Comparison of two groups of general data [(n%) (X s )]

1. FH—RERAIEE R [(n%) (X £ 5)]

TiH MA Z(n = 34) 4k MA 41(n = 33) X3IF P
P51 (%) 0.835 >0.05
% 27 (79.4) 23 (69.7)
57 7 (20.6) 10 (30.3)
SCFRE (%) >0.05
AR} 2 (5.9) 2 (6.0) 0.001
N 2 (5.9) 2 (6.0) 0.001
= 4 (11.8) 1(3.0) 1.850
it 4(11.8) 1(3.0) 1.850
Eks 5 (14.7) 8 (24.2) 0.974
INZE TG LR 17 (50.0) 19 (57.6) 0.387
A (%) 19 (55.9) 5 (15.2) 12.085 <0.05
R (%) 15 (44.1) 3(9.0) 10.457 <0.05
=R (%) 22 (64.7) 21 (63.6) 0.008 >0.05
FER(R) 55.50 + 10.96 54.52 +12.89 1.770 >0.05
B AR 14 () 476 £1.76 5.27 +1.42 2.067 >0.05

*E: P<0.05, BBAGHHEE L.

3.2. ImARFER

67 BB, JFE R IS E NERE R 31 1, & 46.3%, BEIRIEE 20 B, 4 29.9%, HAhFE
L 6 1, ZFENE 361, JRXIEE N 2 61, BrEREPEE & 16, RIEVEE R 101, S R
101, BREGAIE L H, MREMEER 1. PAEE TS EANERE K. BEIRE B AR A 4R
IR E =R R AR ) B AR S B Tie . SPRIEkE 2, KAEOHEKE . RAEMKERG.
& 0 MR LU P < 0.05, BAZH%E . Wk 2.
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Table 2. Comparison of clinical data between two groups [(n%), X+s, M(P25, P75)]

= 2. FLAIGRERBIEEE[(n%), X+s, M(P25, P75)]

mH MA 4 (n = 34) 4k MA 4H(n = 33) X2IZIF P
T PEE NERE K (%) 15 (44.1) 16 (48.4) 0.128 >0.05
B PR3 B 94 (%) 13 (38.2) 7(21.2) 2.318 >0.05
i ) 4L 48 (%) 24 (70.6) 21 (63.6) 0.367 >0.05
P B Ak = B (%) 20 (58.9) 19 (57.6) 0.011 >0.05
KA (%) 9 (26.5) 12 (36.4) 0.762 >0.05
R ORI (%) 21 (61.8) 11 (33.3) 5.426 <0.05
RAHTEATE (%) 21 (61.8) 9 (27.3) 8.057 <0.05
TR (FF) 6.50 (4.00, 10.25) 7.00 (5.00, 11.00) -0.396 >0.05
ZEHTRE(H) 24.00 (12.00, 39.00)  24.00 (12.00, 42.00) -0.609 >0.05
“F38) )5k & (mmHg) 101.65 + 13.08 100.70 + 14.78 0.045 >0.05
B O I 505 (%) 28 (82.4) 17 (51.5) 7.221 <0.05

*E: P<0.05, BBEGHEE L.

3.3. K EIEHR

P T A0 T2 RBC (/MRS PLT JRER UA. IILEF SCr. B /NERJERE % eGFR. JH[E
BETC. Hh =W TG, % FEE HDOL. (K% EliH 0 LDL. £58%RkF1 Cax P, £ Mg, & Cl. 4k
HEEMFE TSAT. BPERERREE ALP. WRIRZELHE ALT. RAAMRAFELHE AST, Aol
Felfg GGT. EHZLE TBIL. HZMHZIE DBIL. [H4ZMHZLE IBIL. #k&EH SF. MiEEk SI. C RMNEH
CRP. ILyT ESCR. HURZZMREE iPTH. ARl HCY [E R, ZL40iit 4 RBC. ZL41E LA

HCT. Il L2 A HB. I8 K. IfiL /K 2% BUN /K. & A& A ALB. AN A1k

HAEG 8 L. 1k 3.

Table 3. Comparison of laboratory indexes between two groups [ X s, M(P25, P75)]

%2 3. FUASCIS=IEARAIELER[ X £5, M(P25, P75)]

e

77 UIBC ] P < 0.05,

ik HCO; 4 (n = 34) i HCO; 4(n=33) Fiz P
WBC (x10°/L) 6.04 +2.03 6.26 + 1.80 0.179 >0.05
RBC (x10™/L) 3.85+0.48 3.52+0.78 7.255 <0.05
HCT (%) 35.30 + 4.61 32.52 +6.16 3.559 <0.05
HB (g/L) 113.95 + 15.37 104.64 +19.98 3.811 <0.05
PLT (x10%/L) 164.44 + 64.52 178.00 + 45.23 2.935 >0.05
ALB (g/L) 37.96 + 4.31 41.61 +3.08 7.829 <0.05
UA (umol/L) 386.79 + 84.36 375.24 +105.13 0.194 >0.05
BUN (mmol/L) 28.17 +7.61 23.98 +7.07 0.00 <0.05
SCr (umol/L) 850.91 + 248.10 850.79 + 231.91 0.486 >0.05
eGFR (ml/min) 6.32 + 3.02 6.16 + 2.38 1.646 >0.05
TC (mmol/L) 3.51+0.73 3.76 +0.91 1.749 >0.05
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Continued

HDL (mmol/L) 0.98 £0.24 1.08 +0.30 1.775 >0.05
LDL (mmol/L) 1.85 +0.63 2.05+0.73 0.721 >0.05
P (mmol/L) 1.77+0.47 1.79+0.49 0.049 >0.05
CaxP (mmol/L) 4.01+1.12 4.04+1.12 0.004 >0.05
Mg (mmol/L) 1.13+0.16 1.07+£0.12 2.154 >0.05
CL (mmol/L) 100.20 + 4.18 100.47 +3.31 3.038 >0.05
K (mmol/L) 5.01 +0.60 4.67+0.67 0.373 <0.05
UIBC (umol/L) 34.33+£8.29 38.92 £9.56 1.082 <0.05
TSAT (%) 2577 £9.13 22.92£9.70 0.014 >0.05
TG (mmol/L) 1.31 (1.05,1.76) 1.43 (1.07, 1.94) -0.577 >0.05
Ca (mmol/L) 2.20 (2.16,2.30) 2.23(2.11,2.42) -0.452 >0.05
ALP (U/A) 111.00 (79.75, 146.00) 127.00 (93.50, 175.00) -1.129 >0.05
ALT (U/L) 12.50 (8.75, 20.00) 14.00 (9.00, 22.00) -0.490 >0.05
AST (U/L) 13.00 (9.75, 17.00) 14.00 (11.50, 20.00) -1.187 >0.05
GGT (UIL) 21.50 (15.00, 38.50) 24.00 (14.00, 58.50) -0.882 >0.05
TBIL (umol/L) 6.75 (5.00, 9.78) 8.30 (6.30, 10.35) -1.054 >0.05
DBIL (umol/L) 2.60 (1.88, 3.73) 3.10 (2.20, 4.10) -1.130 >0.05
IBIL (umol/L) 4.10 (3.08, 7.03) 5.00 (3.70, 6.10) -0.709 >0.05
SF (ng/mL) 75.18 (40.43, 156.26) 61.47 (28.78, 157.75) -0.909 >0.05
SI (umol/L) 10.40 (8.14, 15.59) 10.40 (7.98, 12.99) ~0.690 >0.05
CRP (ng/L) 4.24 (3.12, 11.20) 3.12(3.12,7.67) -1.243 >0.05
ESCR (mm/h) 30.50 (18.50, 51.00) 27.00 (12.50, 46.00) -1.098 >0.05
iPTH (pg/mL) 367.00 (251.45, 503.45)  392.00 (248.95, 730.70) —0.546 >0.05
HCY (umol/L) 30.35 (22.81, 47.76) 27.05 (20.81, 44.51) -0.223 >0.05

*E: P<0.05, EASRI¥E L.

34. EREREASH

SRR, OB UAH . SO IR B EL B AHANEREE & ) UIBC /) P < 0.05, HA Gt E .
W& 4.

Table 4. Risk factors of metabolic acidosis
=4 MARRBIEZ

fabz EVEERA OR & 95% ClI P {H
Hi19H 1.959 7.093 2.206~22.805 <0.05
e} 2.066 7.895 2.014~30.954 <0.05
A IO ML P 1.480 4.392 1.440~13.396 <0.05
UIBC 0.59 1.061 1.001~1.124 <0.05

*E: P<0.05, BBAGHEE L.

DOI: 10.12677/acm.2022.121052 348 [N =85


https://doi.org/10.12677/acm.2022.121052

PR, 2

4. g

M2 IES CKD H A1 1 [ Bt b L SO TE v A Ry 78 I R 3 35000 5 ThRE R %, RIA'E /INekjE
I B PRARECR W W47, FrEemtfal >3 N H[8]. & Ek{LTH CKD Bl 13.4% (11.7%~15.1%), 24T
BB ARG TT AR W'E % ESKD B34 flith(E 490.2 /3% 708.3 32 [Al[9]. MLGEMNT HD &5 Ihfit i
BFEMBRGT RN —. gERFEIBENT MHD v IR HE4ERF A A a7, — R SRR
ik, (H AT SRR A RS HD ¥ 97 T IR TR AS /2 B SE T B TE fa e [F 22 [10] . W1 0 R B 4 Re ik
MAEENT MHD B W A7 E R EER T 8 MA [6]. AW T o R ZE MA [ EL il 50.7%, B
X R ER,

KRB LN, FHPEAR, BIEX ROV EUR, 5% 2@ SR A0 T A AR SE LT
B I I A % A R A A [11] o SR S B R AN I fE R R 2R [12] o AT 4ERFIEMLBUZE AT MHD (18
BERONIRERRER, X MRl Sy AR A B A ARM B R R TCIk I 52, BT R s TR 2 1k
FET, SRR IGE AR, RAEREERR TR MA. OS5 181 B R 2 RAEAEOGRE, I
LAk OL L TR B KX B A o IR 18 0 [ 1.3 ] o PP B 484 00 B 1 5 A 5 O LA 1) S A B2 R
HE BRI INE T B AE A, S35 MA FRA, @i m T EE AREERINE, K=
HIVAR, N2 g DB NS AR, TSR, B A KAE MA. ARG R(LE 1. % 4)5R MA 4
() B AT O GBS I E AT (R AR MA I fE R R 2 - GENT HD R ZLUERR M FRER N E,
FLFE M PR BUN KAMLYLETF SCro 3@ b7 [ 82 44 ) BUN =R 1t 24 2 DUoe G B &, e K2R MA.
7E 20 20 70~90 4EAX, TERGFRANML. SEEEMGUTANYI. SRR SR aR R0, B I 2 08 T v 1
B2, TN IR A HE 2 2R AT 2 BRI S8 25 IR R SR R B (1 B R0, X 3R B e B ILE
KEARe S G/ NERR P E[14]. MHD BB IR i T = B N . B IEHEE D, S e
S MA, AT R (LE 3)Hn MA B4 BUN. 4R K #&, #2278 BUN. K TR RES S T
MA R AE, ZX B EafrN e tE, 478 BUN & K 74 %, 15 MA B 54, a0
EHIRIBFNT HD B AR i 2 ) % 0O i 2 FR AR, Nz HD A By 20 JREFAE B L4 20
M5 R G03E R NUE SR [15], DA O U5 1) MHD 838 AR IR A0 (0 i PR AR 02, AT
FREERTE 2. % HIREIOMEZFRE CKD B R EENT AL MA KB NER, ARkt
XEHHTHASER, MomEFREZ, LRz, KE MA XK. AMEmeked s /) UIBC 2
KM E AL GRS, HAtm— e F RN T A7/, H A 5 AR S ECIR A [16]. 1%
WA RLE IR FESEIE, ST MA FIRA, INZ A7 %35 A KA R AR TR
AT R LI, RIS RS T, BRUEYI I =AM 2, @A (B B & AR S BRVE =Yg,
T MA,

ARG R L )R, MA AREH HB. L 41HiHE HB. 44IEM HCT B, 24 85T
JEH X SCRRIR B A AE 22 5, HER R B TOBENT I MA IR A2, [EI G Z A st , BREUm=E S 30K
RIS L . BERAENRBER TR MA B AEERKT, D mEE, SER g
s 2 1 e A [ A —T0URIE TR 3R B, TR ARV TEARGS iR I N, 2K BB ESRD S8 I 4T 25 1 HGB
KPELE[LT]. 2R, MHD % MA KAESIFEFRAR[L8]. MHD & HEAM - feEEHFA
R EEFHZ —Z MA, MHD 1 MA EE MG HE A ALB IRERR, EETRERAET MAKRE T
[ AR AR [19] . AW 7T 45 AR (LS 3), MA B ALB KRR, AIHEFRAR. A
AN ARG S A PE R 3R [14], S IUE AT 51E MA [20], Btk MA & S e & 800w,
AR 2) 45 A tH MA L8 R A O AR LL B R . MA AR5 B A5 5 1 B fid o 25 LR & B
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Wl MR 2 (B REIR 3]
5. B4

LR LpriR, JEOAERAEMBGENT MHD B #E RUERR T 3 MA FIASCHE AR I, miEmX MA
A SRR R, i RIS 5 IO U R LU R T e, AMBANERZS 5 71 UIBC IR K E MA
MEkAER, BT RIR. KR INERERIE S R E MA; SRS RiEER, MREFE BUN, 4]
K BTt a2 5 7 MA iR, ARt 2. AR . HEEIR, EFRA R
MA FEIIARE R, Hosiob X AR AIA S, IE T MA LR, (R 45 R 51 it X
EHZER, BTA AR RRD, EHEDIAREAR RN MA KERER P 2 AA K45 R it
Fe, LD s MHD 835 TS 1157 .

SE K
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