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Abstract Obijective: The World Health Organization (WHO) defines anemia using the 5th percentile
of hemoglobin concentrations from a healthy reference population; however, ethnic variability remains
a concern. This study aims to establish sex- and age-specific hemoglobin cutoffs for the Taiwanese
population.

Methods: Data were derived from the 2013-2016 Nutrition and Health Survey in Taiwan (NAHSIT) for
individuals aged =7 years. Following WHO methodology, participants with iron deficiency, vitamin B6, B12
or folate deficiency, elevated C-reactive protein, or abnormal renal or hepatic markers were excluded to
define the healthy reference population. Hemoglobin distributions were analyzed using SPSS to determine
percentile-based cutoffs and assess sex- and age-related differences.

Results: Males had significantly higher hemoglobin levels than females from age 10 onwards. In males,
concentrations rose with age, peaked at 16-18 years, and then declined; in females, peaks occurred at 10-
12 and 16-18 years, followed by a post-adolescent decline. Compared with WHO references, NAHSIT-
derived cutoffs were higher for males under 65 years and females aged 7-12 years, but lower for both
sexes over 65 years.

Conclusions: This is the first report of sex- and age-specific hemoglobin cutoffs for the Taiwanese
population. While the revised thresholds modify anemia prevalence estimates, they do not alter the
prevalence of iron deficiency anemia.
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Table 1. Blood parameters including red blood cell, nutrient and disease indicators and associated diagnostic criteria '*’

)

IMmBkEdE &R IEE HERRIGE PIRIEHE PERRITEHE
MCV (fL) <80 CRP (mg/dL) =05
i (ng/mL) <15 BUN (mg/dL) >20
B, (nM) <20 Creatinine (mg/dL) BE>1.2

27> 0.9
B, (pg/mL) <148 GOT/AST (U/L) >70 U/L
TE (ng/mL) <3 GPT/ALT (U/L) >70 U/L
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SEEER SR ZAEFEATEASRIGAZ B F F PR E (NAHSIT 2013-2016)

Table 2. Sex- and age-specific numbers of healthy subjects and exclusion rates (NAHSIT 2013-2016 )

. SN PN FLHE PRI HERRAR (%)
4

o BN T et Jie mo B e o PN ATIH
712 92 374 224 4.1 364 0 00 00 48 0.3 13
13-15 465 207 160 27 164 29 05 00 34 05 0.5
16-18 415 165 130 202 97 55 36 00 42 06 0.0

s 1944 962 419 309 263 98 53 24 07 60 24 45

Y 4564 965 539 332 384 96 121 32 00 80 113 32
65-74 569 321 184 427 81 125 25 03 81 240 1.6
=75 390 214 82 617 98 173 37 00 112 411 0.0
ZHEY 4688 2239 1421 365 146 80 22 02 67 107 2.1
712 923 403 305 243 218 00 00 00 30 05 0.0
13-15 463 190 140 263 226 21 00 05 2.1 0.0 0.5
16-18 385 169 126 254 189 36 12 00 47 06 0.0

s 1944 959 434 273 436 324 97 04 00 70 08 0.8

T 4564 964 574 415 277 124 47 12 00 52 6.4 12
65-74 582 316 199 370 108 73 19 00 101 17 1.6
=75 379 198 91 540 86 146 25 00 126 343 15
ZHEY 4655 2334 1549 336 189 58 09 00 62 71 0.9
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Figure 1. Sex- and age-trends of medians of hemoglobin, MCV and ferritin of the healthy reference populations in NAHSIT 2013-2016, and hemo-
globin distribution of the healthy and excluded abnormal subjects aged 15 years of age and above). (male ® and female © in A-C, * indi-
cates significant sex difference by t- test at p < 0.05, and different letters indicate significant age difference by one-way ANOVA at p < 0.05;
in D & E, hard line indicates healthy group, dash line represents abnormal group, and vertical line indicates WHO cutoff.)
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Figure 2. Comparison of sex- and age-specific hemoglobin cutoff values derived from NAHSIT 2013-2016 and WHO 2024 references for males and
females, respectively.

&w  #RAE NAHSIT 2013-2016 2 WHO R ER T X BAMRF|F# 2R Z A h 2RSS 0 f !

Table 4. Prevalence of sex- and age-anemia and iron deficiency anemia in Taiwan defined by NAHSIT and WHO cutoffs

NAHSIT NAHSIT WHO #2 %
.- R - 2.5 B0 5 {15 5 |
i \
L AlA  FEANE  ANE  BWENE  ANE  pEEmE
(%) (%) (%) (%) (%) (%)
7-12 374 2.7 0.0 53 0.0 0.8 0.0
13-15 207 53 1.0 10.1 1.4 1.9 1.0
16-18 165 73 0.6 9.7 0.6 24 0.6
19-44 419 6.2 1.0 10.3 1.0 3.6 1.0
B
45-64 539 9.1 0.4 12.2 0.6 7.6 0.4
65-74 321 10.3 0.6 14.0 0.6 15.9 0.6
=75 214 12.6 0.9 15.0 0.9 31.8 14
Eo 2239 75 0.6 10.9 0.7 8.3 0.6
7-12 403 6.7 0.5 10.7 0.7 3.7 0.5
13-15 190 8.4 47 10.5 53 10.5 53
16-18 169 12.4 6.5 14.8 6.5 12.4 6.5
19-44 484 19.0 13.6 23.1 16.1 22.1 15.7
e
45-64 574 10.1 49 11.5 49 13.6 4.9
65-74 316 7.0 0.3 10.1 0.3 22.8 0.3
=75 198 15.2 1.5 20.2 1.5 31.3 1.5
E 2334 11.4 5.1 14.5 5.7 16.1 5.6

"B 2554k A A R NAHSIT seée XREH 2.5 F0 5 5 B 942 % WHO 428 > 88X R ARG <15 ng/mL °
PEMB PSSR A B R RS R = Bk R A AR+ AR



- 45 - BIZ5 7755

B MZSHG N 0.2-0.4% > Y1) BB AR HIE 5% 75 Bk LA
RS A AR 0.5% » HADEE g i) FRELHIR
B8 o M E PESRE YL ER > FBIEEAS 6.4% (£
PUrh 0.7 vs. 10.9) » Z2 M Il 5 39.3% (FPUH 5.7
vs. 14.5) 3 S EnfE s > 201 13-64 BRH 0 RERE
15 42.6%-69.7% » A L i iU 19-44 5% 0 38 E 3
NE 2 LIk 2 mry £ o

j:o

B )RR ER AR W PR M B A T W A
AT & 2 MR B PRORE IR 0 52 6 AR BN BE > 1% & AR
MR ARE) B T RLo M AE 5 & 2R R B8R
TheeFEiE R BARRY B8 » ST SRR A58
FIPIREMEIEE » IR 14T 2 i — B ERIERHE -
WHO JE R FEAH AR HE ) o 398 24 ifn ) B0
SRS 2.5 FI5S 5 H o0 (L FI & H » WHO 3%
PRI BEIES 5 (o A(E - P e R s i) 28
REEE BB G AR R LU e fee A1 ) 45 o {8 2 1
SR TSR o S ATRECH S0 AR ) o (R
AIFEE SOEI TR 2 B2 A BEAfE - LUEAT
A MY 2.5 BB 5 H M AIIMALIRERL

ERRABZERE

P L 000 9 i AL 1Y I A [ 32 TR RR
) RIRAAE TR o (H S (R R R I e — B B
R > JH EERAHERRIE R E o BHE TR
% N WO AR RIHERR IR OF > AN [EIRYFH AT
BAFIREZ - BLELFERAIEFBIIEHEE >
Bl AR 0 A R~ R CE RN o B R R
AEE® 22024 5 WHO & 3t HR FH I 55 A% Bl 25 1
MEF » ©& TN E 1 (without) il TS | (with)
R s NEAGRI RS « BRI ~ DA ~ 6
B~ BRIBREEE - HWE B RZ KB TsE R
W FEGIEE R BMI IEH (55 7 HERRAC IR 28
%) WA Y sk m s s 2
AN EE RN 25 0 E A R B HERR 5 -
E RSN B M52 2 HEBRAGE AR 35 0 6L 15 1 4 1
LRI (Y~ HE AR R A BT RIJE R R (1Y) %
o

A 5E HR A 2 5 1 NAHSIT 2013-2016 (1 Ifl
WRAACEE R A BFRIHERR G R A bk 2024
WHO YR B > ErhHERR IR A S iz JH EH

Lt WHO #8512 17 3 5 > bR THkEZAt: - 3ZHER T
BEWE ~ AR SR B B By, 0 28 SRR HA RS B A
WHIREER : SR AT 5eR A se =R A ER 1%
{40 BMI B FH EE » 1278 5 & 38 (4R M a0 st v g 1y
A o R A PEERMEE  — 7B E A
JE TS DIANHEE 1 > 55— 77 11 K 75 5 25 PRI A& A0k
P Ik Am AN BT ARG T A

Tk e B A Ay £ B IR % > WHO £5 &
YA AL ET > & A RE iR B T RE S E 60%
(13 o TR 588 KU 825 P 4 P ) B3 2 4B AR Al
[A] e NHANES I ££F MCV ~ i#$5 5 a8 fl Al FEP
(free erythrocyte protoporphyrin) *’ » NHANES 1I 4§
T8 E Y > NHANES 2003-2006 S HIZ i
P 5288 (soluble transferrin receptor) LUEEL A
BUGgREs R ) o ANTIER R R ] RS
BEEEEEHEEAN MCV WIE - #5EH /2 WHO
BRI B O HALIEE R MMM &
EFHEFFVERY » EANMEEEARE 1 pgL 1
FHE A S A 88417 7 8 mg ° MCV /& 355 NHANES
LRSS B 2 — » 0] Loy ikl i Bk s fs -
R AR AR/ NBRPE I ER » R 4T 35 FR A 2 R »
AL I BR AR B ERT M B 58 88 1 /2 1 A2 BR . (iron-restricted
erythropoiesis) 7

NAHSIT 2013-2016 B B 15 £ 6 328 i 5E A BF
T SEEAT B0V S FR A HERR - (S 2 HEBR AR B
T 36.5% B2 33.6% (3R ) » W& & B 245 3
T HERR 2R EE B 10%-30% » B985 I K] 12
T T [T 0 /88 2 (R R AR 0 7 22 K > 511411 NHANES
2 FE T HE RS 25 & Bk 50% Bl 4z M 40% () o
NAHSIT 922335 Y /H e HHE R B FE - SRy
FECAK » AR R EHERIEEH K - kg
KT T HEERIRYE o HERRIEE AR5 LLkisds
B IEE Hi G e s 2ot 7-74 382 & F i
J& B K2 10.8% » 19-44 5% iy =1 7 2 32.4% » K5
% B S SR b B S R o SR 7-12 B2
TRERFEFRZR S AR - EERKE =R MCV FlI
PR U BEERR P A EHE » i K7 AR R &2
% 3£ NHANES 11 R (5 R HEthyg A 1 ok =
B> @ R R R 5L E Y MCV Ry BB )
BEEFELRE AR Y 5 DRI 52 B A HERR S A2 1 V)2
ERTRE G o (AR Bl FR AR A28 o



Gl ) e 2 G TR E B A - 46 -

MERIRFE B

SRR N SRR IMAL SRR IR 32 KRB AT 70
BRI ~ AR - FEEREMRZREE
FEHRHN ~ GRS o BN 25 A A g 1 SR
WU > LAZZME 13-44 BEGE 73-86% B AR » HEF i
JEHT AT 3E 90% RDA AL » Schf I f s 4 i
JE\b A — B R o AR R ] RS ~ 8
EMRE  HMMKZBAE R MR ~ 38 MRS
L o AT A YA CEHE 4 s &R K - K
NAHSIT %A E K kall - 1 H A EEERIEF
A b RGN AT -

MM KFE R A ZMALZAE 10 BEAT
A A2 5 0 10 B DL E R DU M 8 S R 201
([&— A) » FeAEFEI B SE B NHANES 2 H A #354
ML - 5 & WHO B/t 12 5% LLT 5 s HR A
PR 2 A e ) o Rk 25 F U AR BRER 5% - 1M
AL SR RE T fn e 83 L B R 25 A dn BARY A= 3R 1
T SRR B R R 1T B SR SE LG (testosterone ) ©
R[S T e EE B R MR E o LA B g 4
o o [RIIRFth 8 b 2 B Bl ] 422 Bl 1t 4V SE AT 1 3K
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2016 F LUKRHIFH AW FCEUR - M2 15-49 BREHE K
H 23 Bz 22 {EFHEAS R - S/ ERE CHNS »
EPt TS 2 2 MEUIBE S 10.81 g/dL ;s #fiLL sTR
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