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[ Abstract] Objective To explore the associations of glycated hemoglobin (HbA1c) with
FPG and oral glucose tolerance test 2-hour (OGTT-2 h) in areas at different altitude in China.
Methods Subjects who participated in 2018-2019 China Chronic Disease and Risk Factor
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Surveillance and had no prior type 2 diabetes diagnosis were included. Subsequently, they were
categorized into three groups based on altitude of living area (<2 000, 2 000- and =3 000 m). With
adjustment for intracluster correlation, multivariable linear regression analysis was performed to
evaluate the associations of HbAlc with FPG and OGTT-2 h in the context of HbAlc was normal
(<5.7%) or abnormal (>5.7%). Furthermore, the shape of relationships between HbAlc and glucose
indicators was examined using restricted cubic spline. Finally, receiver operating characteristic curve
was used to evaluate the diagnostic performance of HbA1lc for diabetes. Results A total of 157 277
subjects were included in the analysis. While FPG and OGTT-2 h levels gradually decreased with
increase of altitude, HbA1c level was similar among the three groups. When HbAlc was <5.7%, its
association with FPG and OGTT-2 h was weak and no obvious difference was observed among the
three groups. When HbA1lc was >5.7%, the FPG and OGTT-2 h increased by 15.45% (95%CI:14.71%-
16.18%) and 24.54% (95%CI:23.18%-25.91%) respectively per one standard deviation increase in
HbAlc in group in area at altitude <2 000 m. However, the FPG and OGTT-2 h increased by 13.08%
(95%CI: 10.46%-15.76%) and 21.72% (95%CI: 16.39%-27.31%), respectively, in group in area at
altitude 2 000- m, and increased by 11.41% (95%CI:9.32%-13.53%) and 20.03% (95%CI:15.38%-
24.86%), respectively, in group of altitude >3 000 m. The restricted cubic spline indicated that the
curve showing the association of HbAlc with FPG and OGTT-2 h was flat when HbAlc was <5.7%,
but showed a positive linear relationship when HbAlc was >5.7%. The area under curve for
detecting diabetes was 0.808 (95%(CI:0.803-0.812) in group of altitude <2 000 m and 0.728 (95%CI:
0.660-0.796, P=0.022) in group of altitude =3 000 m. The relevant optimal cutoff value of HbAlc was
5.7%, with a sensitivity of 65.4% and a specificity of 83.0%, and 6.0%, with a sensitivity of 48.3%
and a specificity of 93.7%, respectively. Conclusions When HbAlc was >5.7%, the association
between HbAlc and glucose indicators became weaker as the increase of altitude. In the area at
altitude =3 000 m, it may not be appropriate to use HbAlc in the diagnosis of diabetes.
[ Keywords] Glycated hemoglobin; Glucose indicator; Altitude; Diabetes diagnosis
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165 24 fE 5 J [, 45 2R 36 W 75 1 4 A IR AR b X 1R
I £L 28 AT HbA Le 7K - (5.8% vs. 5.4%) = T 1LJ%
BIRNHBIX , 22 A et Lo AR 0 T4
B 318 (HIRIX BT I 16 J7 N, Rk
PR TE] PR b X HbA e K- AFAE I i 22 57 AR,
Bazo-Alvarez 55"} i b 5 15V 17 R /= Vg 4 b IX
F HbAle ¥ 1E 43 5 5 5.9% Fl1 5.8% . Grossman
AU — 5L [l U P A S B 5 R R & B HbA Le S
YLER FIAETE A OC (r=-0.083) o X 1] B K Oy 2
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SRIMZT AR A0 T, {H HbA Te S LAy 2 I 21
EAFEL G AFET HbA e, AHF5E % B i i
A1l DX A 0 G2 S AT T IR b X, 37T g
5 R AR IR EE T IR D A R APORT 1 s LA A
B 24 5, S RETT , g 32 2RI T T
WE I o A RIS R W R T e e LA X TR v
MHEZE AL ARRAR . A, 4 mT 38 o 38 A
TR YA TR AR O B R IR UL KT R 2 B Y
Eeiztt,

PR9E HbAle, JUH Y HWK i >5.7% i, 5 FPG
FTOGTT-2 h (19 ¢ & A7 Bl T A AS [R5 3K R
HbA Le X IS F 00 T 00 8 7 FOGHHE PR 99 1412 W
fe 1. —Jrm, A5 & I HbAle 5 FPG #
OGTT-2 h i 2 BEAE HbA1¢25.7% 48 HbA1¢<5.7%
1 I O T S B 7 R B A TN |G 95 R R )
gER— . ZFSE & FPG MR AL 7.0 5.6~ . <
5.6 mmol/L I, H: 5 HbA e B 6 R 5053 514 0.76
0.19.0.07" . R4 Wik , HbA1¢<5.7% i ¥ 44 <
2 000 12 000~m Hb[X. FPG F1 OGTT-2 h JF- 4 T f
N HbA 1 A B 25 T 44>3 000 m b IX, $2 /R 78 1E
Ve BE Y FBI P9 HbA L 7 i TR 4R 1 DX 35 7R AR gk b
X 0% o R AU S FPG AR AR5 30 o AR L3,
Bazo-Alvarez 55" & B4 551 FH WG U Hh 28 A L6 L5
Y Y- T8 R VAR B X HbA e 5 FPG 1Y 6 2 50UR &
U 55 —J5 1, HbA1¢25.7% I FPG A1 OGTT-2 h 5
HbA Le 1 565 B2 7 15 TR 4 1l DX 35 35 AP Vg 4 b IX.
W5 . 75 EE HbA e AR L bR HE2E R R, HFPG
FTOGTT-2 h {48 fb AR T B , bk B ik
() 25 57 AN K AT RE 58 42 VH B A [R)V4 H IX HbA Le
FUMARE G b e B B 22 5% . — B nl BE 9 e e 2
il 4 AT 38 A AR SRS AL SO A Rk S S I
JE WA SN A A A 1 A R O S A TR
BB RS R S FAT G e
7 , v 2 A TR B /K SR AT BEA T 2 1 2
WS IMLT 8 454, AR HbA L, 55—l BE Y i
TR R SO 21 40 M 1) 5 A AR AR S R . 18 PR R A ]
T Ao 9/ A4 P A VA R RS N AR G R
1 CD47 MEI L 40P T 2040 M 7 iy ZE < f iy
Z1 R P Ml B 4 B PRI R, 1 TGS 30 HbA e MR BE
Fht ™, AR T B A MU 5T R AR KF R
HbA lc 5 MRS AR DI 22 5 1 78 78 A= 2 WL

AR ILK E PR 21— 77 6.5% 15 HbA 1c
LW BRG] 5 (B R I3 o 30 5 AT RER
i R, FLBEFR %A W] AT A8 & AR e As " ARFSY

o R <3 000 m A H X F HbA 1e 12 Wil R A9
ARV R0 5.7% , 3% 5 G i i —Se i 5 45 2R+ o
AT . Zhang 55 7E 619 #4245 % 1Y) N T & B o
PRZ T HbA Le THUIAR bR 0BT A, A& B> HbA 1c
9 5.8% It £k T T AR K, Guan 55276 3 710 84 4«
Jb st X R R APORER B T AR 45 5. M2 T,
Bao 557 1F 4 886 £ I 1 i J& R 75 29 HbA 1c 12
Wi ] 5 (6.3% ) W fm — 28 | 35 W] Rl 55 908 A 7 25 119 el 34
DX B AR A X R AR AN R A DG . (AR R,
253 B Je B J A A TR 4K >3 000 m HlL X (14 BF 5% %
%0, HbA Lc 12 W bl PR K 19 V) s 5.7% | T4 5]
6.0%, [A] B+ il £& T 1 A2 N 0.808 I B &1 T 0.728.
Bazo-Alvarez 25" F FPG=7.0 mmol/LE A2 Wil FR
I A A b, 2 BIIESF- 1H A TR AR X Hb A e X
AR T H AR R 0.946 F10.738, AS[RITAF4K HiLIX.
I BETE BRI K2 WD) 206 B HbA Te KF- 1 22 57—
EFEE L] il BEax 2o g B . ARAFIE G4 <2 000 m
i IX FPG 24 7.0 mmol/L 5 OGTT-2 h 24 11.1 mmol/L
X6 102 9 HbA 1e ¥R B 53 5914 6.8% F117.7% , i 7516
$5>3 000 m Hh [X. HbA 1 X 1 A% € & 43 531 4 8.5% A1l
9.1%.

R4y E ZARE R B i 583 1Y 58
55 2= K Ry 2R S8 H P A [V T HbA e 5 I
FRPR I SR ER AL T AR 2 . ARFRAELE SR FRE
— 2 A A B R AT U A D R 9 5 R i)
HbA Le K P B3 (5 2., T LAASBE 58 4 HERR WL 52 5
) Bk Z B R AR IR 24 S i B vl BE . )& FPG A
OGTT-2 h Xk — Y & (R 45 51, v] RE TG v o 4 i
iy 52 IR 2 X6 52 1) It B 7K T

25 FJFR 24 HbA 1e25.7% i}, Ho 5 IS bR Ay
DR R JBE B A Ve R T e TR AL . ZETEE4R >3 000 m
[ 4 X, HbA Le i2 Wl PR AT RERICR A, 575
5 FPG AT OGTT-2 ho Ak 75 2 H BAFI A 5% i3 —
SRS R K SE R HbA Le FIMBEFS FR 5 .01
I AE RS 114 Bk
FUZERZE  FIA1E 74 10 R 25 mhoe
TEE TR T SR B Ge b b SRR A« 5
MBI SRR s 2260 B I 50 ARG 5 TR I - % S8 i
P 2R PP B 5 I BT 5 SO i 2 B A

& % x #
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