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Abstract Objective: This study aimed to characterize sex- and age-specific trends and distributions of
RBC and iron related biomarkers in normal reference Taiwanese population and to establish hemoglobin
thresholds for the diagnosis of anemia.

Methods: Laboratory data from participants aged =7 years in NAHSIT 2017-2020 were analyzed, including
hemoglobin, hematocrit, MCV, RBC count, serum iron, TIBC, transferrin saturation, and ferritin. Parameter-
specific reference subpopulations were defined by excluding individuals with inflammation, vitamin
deficiencies, hepatic or renal dysfunction, or other abnormal laboratory findings in biomarkers other than
the parameter under evaluation. Sex- and age-specific medians and 95% intervals were calculated using
SPSS. Hemoglobin cutoffs derived from the 5th percentile of these distributions were applied to estimate
the prevalence of anemia and iron deficiency.

Results: In the normal reference population, significant sex differences were observed in RBC and
iron indices. Females had higher MCV and TIBC, whereas other parameters were higher in males, with
disparities becoming more pronounced after 13 years of age. Age-related patterns also differed by sex. In
males, TIBC declined after age 15, while other indices increased with age and later stabilized or gradually
decreased in adulthood. In females, RBC decreased and MCV increased with age, TIBC declined after
age 18, while other indices were stable at 13-44 years and increased after 45 years. Compared with
WHO criteria, NAHSIT-derived anemia cutoffs were higher for males and similar for females. Women of
reproductive age showed the highest prevalence of anemia (13-25%) and iron deficiency anemia (7.4-
17%).

Conclusions: This study presented sex- and age-specific curves for RBC and iron indices in the
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Taiwanese population using NAHSIT 2017-2020 data, and derived anemia thresholds to estimate the

prevalence of anemia and iron deficiency.
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Figure 1. Flowchart for the screening of the reference and parameter-specific normal reference populations of red blood cell and iron indices based
on NAHSIT 2017-2020.
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Table 1. Nutrient and disease parameters for reference population screening and associated criteria *’
BrRRHEH FLH R PR H L AR
B¢ (nM) <20 CRP (mg/dL) =0.5
B, (pg/mL) <148 AST/GOT (U/L) >70 U/L
BEE (ng/mL) <3 ALT/GPT (U/L) >70 U/L
BUN (mg/dL) >20
CRE (mg/dL) BYE>12
2> 0.9

K= AR ET AR o R AR BERA B 1L

BB EFRE

Table 2. Red blood cell and iron indices for parameter-specific normal reference population screening and associated criteria*

AL MmERFEAR HERRIE E B ) BG P BT HERRIEE BL )3
Hb MCV < 80 fL FE/ #f
TSAT < 16% TIBC/ MCV < 80 fL
FER < 15 ng/mL TSAT FER < 15 ng/mL
Hct/RBC A FER 2
MCV < 80 TSAT < 16%
TSAT < 16%
FER < 15 ng/mL
MCV Zfin

TSAT < 16%

FER <15 ng/mL

* Abbreviations are: Hb, hemoglobin; Hct, hematocrit; RBC, red blood cell count; MCV, mean corpuscular volume; FE, serum iron; TIBC, total
iron binding capacity; TSAT, transferrin saturation; FER, ferritin. & #24% 223% ] K% R F-#5 1 5] 98 Z Hb 4185 » MCV 3 TSAT RIEE K,
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Table 3. Sample size and exclusion rate of sex- and age-specific reference subpopulation of NAHSIT 2017-2020

DEREEIRE (%) *7

w g R WHEE 8% 8% wy
W Ga) RO ABC ABE AR B — BUN. AST/
e (%) ABC® Y (%) By B, M CRP oo O
7-9 404 177(43.8) 175 2368 1.1 - - - 0.0 1.1 0.0
10-12 478 265(55.4) 263 3627 0.8 - - - 0.0 0.8 0.0
13-15 446 259(58.1) 210 3111 18.9 124 0.8 5.0 0.0 0.8 2.3
16-18 405 225(55.6) 168 2614 253 124 04 8.9 0.9 1.8 2.2
f.; 19-44 966 549(56.8) 417 6395 24.0 8.7 0.2 7.1 2.4 3.5 4.7
45-64 972 652(67.1) 461 6911 29.3 11.0 1.7 3.2 2.8 11.8 43
65-74 988 710(71.9) 441 6472 37.9 12.3 1.4 2.1 2.7 23.8 1.1
=175 555 360(64.9) 153 2128 57.5 16.1 1.9 2.2 5.0 42.2 2.2
o 5214 3197(61.3) 2288 33625 28.4 10.2 1.0 3.6 2.2 13.4 2.5
7-9 454 222(48.9) 221 2932 0.5 0.0 0.0 0.0 0.0 0.5 0.0
10-12 428 246(57.4) 244 3307 0.8 0.0 0.0 0.0 0.0 0.8 0.0
13-15 435 237(54.4) 197 2617 16.9 13.5 0.0 4.2 0.0 0.0 0.0
16-18 396 231(58.3) 188 2460 18.6 13.4 0.0 4.3 0.0 0.9 0.9
'l‘i 19-44 976 588(60.2) 480 6119 18.4 112 0.2 2.6 3.7 1.0 1.0
45-64 988 693(70.1) 567 7494 18.2 8.8 0.4 1.0 33 5.6 1.4
65-74 1028 708(68.9) 490 6496 30.8 9.5 0.4 0.1 3.7 19.9 1.3
=175 518 289(55.8) 149 1938 48.4 9.3 1.0 0.7 4.8 39.1 1.4
=g 5223 3214(61.5) 2536 33364 21.1 8.8 0.3 1.4 2.6 9.5 1.0

U4 WHO #4898 1V o 2 et sk R AE — B IR BAE X 2 RKE ASR LB WRBATOLE o
PEHARABRKAE AR ETAL > RS THREAFARR —HAEFIHAZ -
) R % ABEAF A NAHSIT Z b s i e B X AR AABE RS 10 o SIE 3812 B H AR + THALAK X100% ©

ORISR R TAH + B ARAAEX100% °
T REABBAHRE o
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Table 4. Sample size of the normal reference population for RBC and iron nutrition indices by sex and age of NAHSIT 2017-2020"

RLMERFEAEIE R A8 (%) °

R REEIER B (%) °

PE G
Al (&) ° Hb Hct/RBC MCV FE/TIBC/ TSAT FER
7-9 80 (45.2) 77 (43.5) 147 (83.1) 84 (47.5) 147 (83.1)

10-12 161 (60.8) 154 (58.1) 209 (78.9) 160 (60.4) 211 (79.6)
13-15 174 (67.2) 165 (63.7) 181 (69.9) 167 (64.5) 181 (69.9)
16-18 152 (67.6) 144 (64.0) 153 (68.0) 148 (65.8) 153 (68.0)

ﬁ 19-44 381 (69.4) 363 (66.1) 373 (67.9) 365 (66.5) 376 (68.5)
45-64 410 (62.9) 389 (59.7) 410 (62.9) 391 (60.0) 411 (63.0)
65-74 408 (57.5) 385 (54.2) 395 (55.6) 389 (54.8) 395 (55.6)
=75 128 (35.6) 121 (33.6) 128 (35.6) 124 (34.4) 129 (35.8)
By 1303 (60.8) 1798 (56.2) 1996 (62.4) 1828 (57.2) 2003 (62.7)

7-9 135 (60.8) 128 (57.7) 182 (82.0) 132 (59.5) 183 (82.4)

10-12 179 (72.8) 173 (70.3) 203 (82.5) 186 (75.6) 204 (82.9)
13-15 142 (59.9) 135 (57.0) 139 (58.6) 145 (61.2) 142 (59.9)
16-18 129 (55.8) 123 (53.2) 136 (58.9) 133 (57.6) 150 (64.9)

é 19-44 320 (54.4) 302 (51.4) 312 (53.1) 321 (54.6) 322 (54.8)
45-64 472 (68.1) 449 (64.8) 467 (67.4) 467 (67.4) 472 (68.1)
65-74 446 (63.0) 428 (60.5) 449 (63.4) 432 (61.0) 451 (63.7)
=75 135 (46.7) 127 (43.9) 131 (45.3) 128 (44.3) 131 (45.3)
By 1958 (60.9) 1865 (58.0) 2019 (79.6) 1944 (60.5) 2055 (63.9)

! Abbreviations are: Hb, hemoglobin; Hct, hematocrit; RBC, red blood cell count; MCV, mean corpuscular volume; Fe, serum iron; TIBC, total

iron binding capacity; TSAT, transferrin saturation; FER, ferritin.
2 48 WHO #5898 1) -
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Figure 2. Sex- and age-trends of medians for the four red blood cell indices of the normal reference populations in NAHSIT 2017-2020. Symbols ®
for male and O for female. Significant sex difference by Student's t- test was indicated by * and significant age difference was assessed
using one-way ANOVA with Tukey's post hoc test; distinct uppercase letters indicate differences in males and lowercase letters in females,

both at p < 0.05.
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Figure 3. Sex- and age-trends of medians for the four iron indices of the normal reference populations in NAHSIT 2017-2020. Symbols ® for male
and O for female. Sex difference of ferritin was assessed using Wilcoxon-Mann Whitney test and age difference using Kruskal-Wallis test.
Sex difference of other indicators was assessed using Student's t- test and age differences were assessed using one-way ANOVA with

Tukey's post hoc test. “*”
lowercase letters in females (both at p < 0.05).

indicated significant sex difference. Age difference was indicated by distinct uppercase letters in males and
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Figure 4. Comparison of sex- and age-specific hemoglobin cutoffs between NAHSIT 2013, 2017 and WHO criteria. The screening of reference pop-
ulation included TSAT (w/ TSAT) and no TSAT (w /o TSA), respectively.
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female.
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Table 5. Percentile-based cutoff values of MCV, transferrin saturation and ferritin in the Taiwanese population

P R MCV' (fL) TSAT ' (%) FER' (ug/L)
Al () 5 5 E A 5 5 E A 55 2.5 HAM 5 5 E A
7-9 75 15 26 32
10-12 76 16 20 28
13-15 79 16 18 29
o 16-18 79 18 38 53
(£ 19-44 82 20 40 65
45-64 79 22 44 52
65-74 84 23 46 62
=75 72 21 32 41
7-9 77 17 24 30
10-12 78 15 20 27
13-15 80 14 15 19
£ 16-18 69 14 9 12
P 19-44 81 15 14 17
45-64 81 17 19 32
65-74 81 20 51 60
=75 82 19 34 50

"MCV : mean corpuscular volume 5 TSAT : transferrin saturation » 4% & #4=& 5 FER : ferritin » 4% & ©
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A B MAL SR AR MR - (A S AL R KA TR,
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Table 6. Time trends in the prevalence of anemia and iron deficiency anemia in the Taiwanese population

" NAHSIT 2017-2020 NAHSIT 1993-2000 > 447
ik A ]
7| i Almzs B A s ? &zt TR & s ¢
(%) (%) (%) ' (%)
7-12 8.8 0.0 11.4 0
13-15 12.0 1.5 72 0
16-18 7.6 0.4 7.2 0
19-44 8.4 0.2 - -
19-50 - - 6.2 0
5
Pt 45-64 10.9 0.6 . .
51-64 . - 8.2 1.4
65-69 13.5 0.6 11.7 23
70-74 . - 17.5 53
=75 16.4 0.8 21 5.6
=30 . - 41.5 8.7
7-12 113 0.9 13.2 0.3
13-15 19.0 8.9 13.7 2.8
16-18 13.0 7.4 13.7 2.8
19-44 25.0 17.0 - .
19-50 . - 252 15.4
é 45-64 14.7 5.6 - -
51-64 . - 16 7.5
65-69 12.6 0.7 13.5 2.8
70-74 . . 15.3 32
=75 21.8 0.3 242 3.5
= 80+ - - 30.7 5.1

' R NAHSIT #4589 % %A TR » -] REAFZRAZGFHE o2 BRBALRLEAZ FAR O o
PR AR AR R R b bn B o £ ABAR B VA ferritin <15 pg/L °
*NAHSIT 1993-2000 % A2 #48F] WHO » #4842 4 & ferritin < 12 pg/L °
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