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Chapter 1. Introduction
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The Atopic March

0.8
- Atopic Dermatitis
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Age at diagnosis (months)

Figure 1. Age at diagnosis of common allergic conditions.

Adapted from Hill DA et al. Ann Allergy Asthma Immunol. (2018)
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Inflammatory stimulus
(e.g., infection, autoimmunity, cancer)

Activates monocytes
and T cells

G Inhibits erythropoietin
release

0 Increases hepatic synthesis
of hepcidin

G Inhibits QAugments

i Erythropoietin erythroidjproliferation hemophagggytosis 1 Hepcidin

Inhibits iron
release from RES

Decreased
erythropoietic
stimulation

Hemophagocytosis by
RES macrophages

~ Release of recycled
Limited availability .7 iron via ferroportin
of iron °
.O
Y. o*

| Fe**/transferrin

Figure 2. In inflammatory diseases, cytokines released by
activated leukocytes and other cells exert multiple effects that
contribute to the reduction in hemoglobin levels

Adapted from Ryan Zarychanski et al. CMAJ. (2008)
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Chapter 2. Methods

2016 AZRIAAAF 7Y Lol A dskxtdo] Al (HIRA-

PPS)el  x3E RS Ay dFeR  sglth dxRIAns

(e

Qo HAAE IARddEs VlFeR 1d H9E 328 FE
< #AE wAEs x2Xete] FAE dHolg o]ty HIRA-PPS+,
AFRHAAE LY dArFolA 1dzE J8MuAE o] 83 7+ 204
vnke] #xbE g o® oF 10% (oF 1109 E A% F+3HGA &),

Be] WE A4 Bl FHAEFES Be) THE Apmolh
®

shla, HAFA WdE e dESRE ol9lel wid (MEwIB12
APAANE (D51.X), GAHEFAANE (D52.X), 7IEFG AN (D53.X),
289 (D55.X-D59.X), AAEZANE(D60.X, D61.X),
TAEIAARNE(D62.X), AR (D63.0), 7IEE (D64.X)) 2 sk

W AL AfFArE BE A8 Aue

ol

=

ke

TAPARRIEF The
Korean Standard Classification of Disease and Cause of Death—7,
KCD-72 #8519t ¥ AF: Foozdsta  slnaeel

3] Feole wol AP EATH(IRB No. DDWU1905-07).
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2, olEdyRe, dHEIIHAS
= gey guh HJ4 (J45.X), ofEdy R

(J30.1, J30.2 ¥ J30.3). HWEF

GI=(KCD-7) & 20164

FEE RN RE K

stlal, AEs KCD-7

HARNGE A S 59,
WA AANE S D63.8 AT (Table 1).

Table 1. The list of KCD—7 diagnostic codes of atopic

diseases and anemia in the study.

Category KCD-7

Atopic Atopic dermatitis L20.X

disease  Allergic rhinitis 730.1, J30.2, and J30.3
Asthma J45.X

Anemia Iron deficiency anemia D50.X
Anemia of inflammation D63.8

17



2.3. I @& ¥4 (confounders)

BoAged Bxe AW, A3T, APRIAGTE

o

BT

Aol EeRivh. $Ape] AR Aof(124] miRb), FAd (124
oV, 184 mmhom Rt ALEIAA RS
JERINYAS} duRRIFIFAE EFS] A AAZF eglow

E AT
Wk W] EZehet FAgkE o]l ATtelA HAPA wWdolu
HgAsRE ] Qds S7/E At A7EHE VINe R
Adastanh. Al A [F99 (meningitis), =34 ¢ (bone and
joint infection, BJD), W d=(sepsis), <Y (hepatitis)], HHA
2171 (chronic kidney disease, CKD), A% (heart failure, HF),
W (diabetes mellitus, DM), HAI417A%[$&F (depression),
=M ol (anxiety)], WM 548 AE [&3A A (peptic ulcer
disease, PUD) %Hd #H4A #H &3} (chronic obstructive pulmonary
disease, COPD), HAIZRIF3F (systemic lupus erythematosus,
SLE), &vlElA~ #4<9 (rheumatoid arthritis, RA), I 353+

(irritable bowel disease, IBD)]¥ <F(cancer)S @&

=
i

==

o]

2383t (Table 2).
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Table 2. The list of diagnostic codes of confounding diseases.

Category KCD-7
Systemic infection
Meningitis AR7.X, A39.X
BJI MO00.X, M0O1.X, M02.X, M03.X
Sepsis A40.X, A41.X
Hepatitis B15.X, B16.X, B17.X, B18.X, B19.X
CKD N18.X
HF 150.X
DM E10.X,E11.X, E12.X, E13.X, E14.X

Mental disorder

Depression

Anxiety

Chronic inflammation

PUD

COPD

F32.X, F33.X

F40.X, F41.X, F93.X, F06.4

K25.X, K26.X, K27.X

J42.X,J43.X, J44.X

19



SLE M32.X

RA MO05.X, M06.X, M08.0
IBD K51.X, K50.X
Cancer CXX.X
Abbreviations: BJI = bone and joint infection, CKD = chronic

kidney disease, HF = heart failure, DM = diabetes mellitus, PUD =
peptic ulcer disease, COPD = chronic obstructive pulmonary
disease, SLE = systemic lupus erythematosus, RA = rheumatoid

arthritis, IBD = irritable bowel disease.

20
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ohEdlad wWFe AwdE weks] As mawsd

ojgsto]  Wdo] SQle &A@ e} Rldol gl %

>

muigdszph o st AIFHAFE FASAY. AR (propensity
score) & AAtst7] flste] ohA® o]d A AY Rl (multivariable
logistic regression model) & AFE3t oM, AHLS AHH WHFE,
A

A7 xAE ¥ wdA] A3 (confounding diseases) S ©]+3

W Wit

l
rr

Aedrs kAR 483t Mo R Wy

HRlE Ao olEvdge] s FAe] fad AFHTE

PTW)E olshs wpHe Argsigich olddd W 4Fuss

S} wi= 11 - ps)E 7}EXE Folsit},

Tt 2 AFdME S 1EE4 (subgroup analysis) S F 3
AA ZApol A o] olEAs RIS A@Ao] b Sl et
G = AE Gl sF IE A oA AFE-E WIS $hAte)

!

e

GT, ARREAZ TRl

’

ofevAg FHES ZAALE L4 d¥Hodds ratio, OR)}
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o = =04 O olul Ao
95% A1 -7H(confidence interval, CI)S AAIst] EAA FoudS
HASHA Tt (p < 0.05). olEFIFH, H2a, dHEUNIAS ATFHFE
T_ 1__6 AA . . y

S HlE o AFRAL T,b_‘_/ﬂf;‘___]-
AR W EgeA eksty] Wil AE Agn M) AL B

. = R
9.4 (SAS Institute Inc., Cary, North Carolina, USA)E A}&35}o]

F T

ol

)=
3]
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Chapter 3. Results

m

3.1. A EA

d

2016 Ao adskatdlolgAle] Al¥E= F 1,004,866 2
2 F, w184 ol A7} 1484599, HFAPAY WE T
AN 9o wdw Auwre #@xrl 96550 A LE,
846,752 9 A7} ol EAo] I WEHS zuhwx ke
A= 827,12470lx, WIES WRbE Exp= 19,6287 o]tk
(Figure 3).

dgE NEXNE HEsty] An Fo wdyy wmdLo
542 table 37 2k W18 Y ES FAATARTHE Aofpghrlo A,

HAEGE AN =A debsa, s ERATEIARe Hlawskels

=)

JggoFFAtelA  Edv. WdEATAM COPDE AT Ee
3}

Apol & RGItH(Table 3, Figure 4). RWHIATH s AFRF
& F #xe] T SAE, 99, AFRAAA D) %

482 25 fFARHA YERS Y (Figure 5).
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Patients in HIRA-PPS-
2016
n= 1,004,866

_( + = 18yearold
'L (n=148,459)

Pediatric patients

n= 856,407
= With anemia
. diagnosis other

than IDA or ACD
(n=9,655)

A

Final study population
n= 846,752

Non-anemic group Anemic group
n=827,124 n =19,628

+IDA only (n=19,594)
+ ACD only (n=19)
« IDA and ACD (n=15)

Figure 3. Flow diagram for study subject inclusion.

abbreviations: HIRA = Health Insurance Review Agency, IDA

= iron deficiency anemia, ACD = anemia of chronic disease
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Standardized Variable Differences

Lower Cutoff Upper Cutoff
DM & 4
HF ® o+
can s +
IBD & +
RaA @+
SLE B
COPD &+
PUD & +
ANX &+
DEP &+
CKD &+
HEP * +
SEP o 4
BJI L3
MNG & +
INSUP_TP_CD -
SEX_TP_CD -
LPS + o
-1.0 -0.5 0.0 05 1.0

Difference (Treated — Control)

¥ All Oba ¢ Support Region 4 ATE Weighted Region Oba

Figure 4 . Standardized variable differences between anemia
group and non—anemia group in pediatric patients.

Abbreviations: DM = diabetes mellitus, HF = heart failure, can =
cancer, IBD = irritable bowel disease, RA = rheumatoid arthritis,
SLE = systemic lupus erythematosus, COPD = chronic obstructive
pulmonary disease, PUD = peptic ulcer disease, ANX = anxiety,
DEP = depression, CKD = chronic kidney disease, HEP = hepatitis,

SEP sepsis, BJI = bone and joint infection, MNG = meningitis,

INSUP_TP_CD = insurance types, SEX_TP_CD = gender, lps =

logit of propensity score.
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Distribution of LPS

[ Treated (anemia = 1)
O Contrel (anemia = 0)

ATE Weighted Region

Region

Observations
=

All
-4 -2 0 2 4
Logit of Propensity Score

Figure 5. Balance confounders for comparing the distribution of
baseline between anemia group and non—anemia group Iin

pediatric patients with propensity weighting.
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Table 3. Baseline characteristics of subjects before and after inverse probability of treatment weighting.

Before Weighting, n (%)

After Weighting, n (%)

No Anemia Anemia Variance No Anemia Anemia Variance
(n = 827,124) (n=19,628) Ratio (n = 20,011) (n=19,628) Ratio

Age group

Children (<12) 523,201 (63.26) 15,219 (77.54) 15,453 (77.22) 15,219 (77.54)

>

Adolescents (212, <18) 505 999 (35.74) 4409 (22.46) 4558 (22.78) 4,409 (22.46)
Sex 0.9983 0.9995

Male

428,361 (51.79) 9.274 (47.25) 9,492 (47.73) 9,274 (47.25)

Female 398,763 (48.21) 10,354 (52.75) 10,519 (52.57) 10,354 (52.75)

Insurance Type 1.1253 1.0747

Health insurance

Medical aid

806,892 (97.55)

20,232 (2.45)

19,086 (97.24)

542 (2.76)
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586 (2.93)

19,086 (97.24)

542 (2.76)



Before Weighting, n (%)

After Weighting, n (%)

No Anemia Anemia Variance No Anemia Anemia Variance
(n = 827,124) (n=19,628) Ratio (n=20,011) (n=19,628) Ratio
Systemic infection
Meningitis 1,645 (0.20) 130 (0.66) 3.3147 214 (1.07) 130 (0.66) 1.1684
Bl 803 (0.10) 41 (0.21) 2.1492 42 (0.21) 41 0.21) 1.0661
Sepsis 3,071 (0.37) 479 (2.44) 6.4363 686 (3.43) 479 (2.44) 1.0723
HEP
2,445 (0.30) 696 (3.55) 11.6046 1,026 (5.13) 696 (3.55) 1.0382
CKD
57 (0.01) 26 (0.13) 25.0943 82 (0.41) 26 (0.13) 0.8965
HEF 582 (0.07) 109 (0.56) 7.8539 261 (1.31) 109 (0.56) 1.0194
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Before Weighting, n (%) After Weighting, n (%)

No Anemia Anemia Variance No Anemia Anemia Variance
(n=827,124) (n=19,628) Ratio (n=20,011) (n=19,628) Ratio
DM
3,165 (0.38) 545 (2.78) 7.0820 825 (4.13) 545 (2.78)
Chronic inflammation
PUD
15,248 (1.84) 644 (3.28) 1.7537 731 (3.66) 644 (3.28) 1.0902
COPD
12,650 (1.53) 425 (2.17) 1.4066 436 (2.18) 425 (2.17) 1.0556
SLE
228 (0.03) 27 (0.14) 4.9848 81 (0.41) 27 (0.14) 1.7802
RA
1,454 (0.18) 96 (0.49) 2.7736 149 (0.75) 96 (0.49) 1.2159
IBD
265 (0.03) 71 (0.36) 11.2531 135 (0.67) 71 (0.36) 1.2159
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Before Weighting, n (%) After Weighting, n (%)

No Anemia Anemia Variance No Anemia Anemia Variance
(n = 827,124) (n=19,628) Ratio (n = 20,011) (n=19,628) Ratio
Cancer 1,147 (0.14) 136 (0.69) 4.9688 207 (1.04) 136 (0.69) 1.4911
Mental disorders
Depression 3,931 (0.48) 181 (0.92) 1.9316 236 (1.18) 181 (0.92) 1.2272
Anxiety 6,518 (0.79) 310 (1.58) 1.9882 366 (1.83) 310 (1.58) 1.1376

Abbreviations: BJI = bone and joint infection, CKD = chronic kidney disease, HF = heart failure, DM = diabetes

mellitus, PUD = peptic ulcer disease, COPD = chronic obstructive pulmonary disease, SLE = systemic lupus

erythematosus, RA = rheumatoid arthritis, IBD = irritable bowel disease.
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32. SlEMALT NP FBA

g $kx} e} vl w skl S w) Wd 3o A M2 (OR: 2.07, 95% (I,

1.99-2.16; p < 0.001), o}E7] I F4 (OR: 1.56, 95% CI 1.48-1.65;
p < 0.001), ¢#A=71819 (OR: 1.21, 95% CI, 1.16—-1.27; p < 0.001)
BE ¥ Eol A vt md wdsxte nwdsias
Hwekols u olEFAES uwre 7 wWolAsE  OR#tol
<78k v (Table 4).

124 wRE FApelA @AM e olEF AR {FHE
Fadskatel vlmste] EA AL, 53] Al 7HA] olEFASS
BT bR @xkelA e OR#E-E 3.90 (95% CI, 3.57-4.26; p <

0.00D) & v ggxel vwsls vl A3 =2 vHE&EZ Frhets
e B T AU (Table 5).

124] \|gEe] Aolgzte| AL olEFu RS, dH 278, 2

B ooy, dA B 9E3xeA fHEe]l =4 vEksa, e
2 39 2% 4 AdEs 94 g8 olEIdEe] fHEo

gzt =7 YErsthH(Table 6). AFRFRGAZFE| up&

EAATRN L JERBAAYBAANAE A olEN QBT WP
Aol EAEoN,  RRIFFAGAL  olENTRde

Aslahie A chEn Qe wde] Faol EAoR Folua]

okt (Table 7).
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Table 4. Association between atopic diseases and anemia in pediatric patients.

Number of patients (%)

Atopic Diseases No anemia Anemia Odds ratio (95% CI) p value
(n = 20,011) (n = 19,628)
No 13,576 (67.84) 9,420 (47.99) 1 [Reference]
Asthma
Yes 6,435 (32.16) 10,208 (52.01) 2.07 (1.99-2.16) < 0.001
No 17,058 (85.24) 14,886 (75.84) 1 [Reference]
Atopic dermatitis
Yes 2,953 (14.76) 4,742 (24.16) 1.56 (1.48—1.65) <0.001
No 12,448 (62.20) 10,369 (52.83) 1 [Reference]
Allergic rhinitis
Yes 7,563 (37.80) 9,259 (47.17) 1.21 (1.16—1.27) < 0.001
0 8,435 (42.15) 5,190 (26.44) 1 [Reference]
1 7,002 (34.99) 6,649 (33.88) 1.54 (1.47-1.62) < 0.001
Atopic diseases, n 3,772 (18.85) 5,807 (29.59) 2.50 (2.37-2.64)  <0.001
3 802 (4.01) 1,982 (10.10) 4.02 (3.67—4.39) < 0.001
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Table 5. Association between atopic diseases and anemia by age groups in pediatric patients.

Frequency (%)

Age groups Atopic Diseases OR (95% CI) pvalue
No Anemia Anemia
No 9,615 (57.60) 5,679 (37.32) 1 [Reference]
Asthma
Yes 7.078 (42.40) 9,540 (62.68)  2.09 (1.99—-2.19) < 0.001
Atopic No 13,459 (80.62) 10,847 (71.27) 1 [Reference]
dermatitis Yes 3.235 (19.38)  4.372 (28.73)  1.49 (1.42-1.57) < 0.001
) No 9,867 (59.11) 7,463 (49.04) 1 [Reference]
Children Allergic rhinitis
(<12 years) Yes 6.827 (40.89)  7.756 (50.96)  1.26 (1.20-1.32) < 0.001
0 5,608 (33.59) 2,798 (18.38) 1 [Reference]
Atopic 1 6,028 (36.11) 5,113 (33.60)  1.70 (1.60—1.80) < 0.001
diseases, n 2 4,061 (24.33) 5.369 (35.28)  2.65 (2.49-2.82) < 0.001
3 996 (5.97) 1,939 (12.74)  3.90 (3.57—-4.26) < 0.001
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Frequency (%)

Age groups Atopic Diseases OR (95% CD p value
No Anemia Anemia
No 2,969 (88.77) 3,741 (84.85) 1 [Reference]
Asthma
Yes 376 (11.23) 668 (15.15) 1.36 (1.19—-1.56) < 0.001
Atopic No 3,117 (93.20) 4,039 (91.61) 1 [Referencel
dermatitis Yes 298 (6.80) 370 (8.39)  1.21 (1.02—-1.43)  0.033
No 2,351 (70.28) 2,906 (65.91) 1 [Reference]
Adolescents Allergic rhinitis
(212, <18 years) Yes 994 (29.72) 1,503 (34.09)  1.18 (1.07-1.30)  0.001
0 2,041 (61.02) 2,392 (54.25) 1 [Reference]
Atopic 1 1,031 (30.82) 1,536 (34.84) 1.27 (1.15—-1.41) <0.001
diseases, n 2 952 (7.53) 438 (9.93)  1.48 (1.26-1.75) < 0.001
3 21 (0.62) 43 (0.98) 1.76 (1.04—2.99) 0.034
Abbreviation: OR = odds ratio
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Table 6. Association between atopic diseases and anemia by gender in pediatric patients.

Frequency (%)

Gender Atopic Diseases OR (95% CI) pvalue
No Anemia Anemia
No 5,857 (61.80) 3,793 (40.90) 1 [Reference]
Asthma
Yes 3,621 (38.20) 5,481 (59.10) 2.11 (1.99-2.24) < 0.001
Atopic No 7,797 (82.27) 6,724 (72.50) 1 [Reference]
dermatitis Yes 1,681 (17.73) 9550 (27.50)  1.51 (1.41-1.63) < 0.001
o No 5,743 (60.59) 4,630 (49.92) 1 [Referencel
Male Allergic rhinitis
Yes 3,735 (39.41) 4,644 (50.08) 1.27 (1.19-1.34) <0.001
0 3,552 (37.48) 1,963 (21.17) 1 [Reference]
Atopic diseases, 1 3,323 (35.06) 3,075 (33.16) 1.68 (1.55—-1.80) < 0.001
n 2 2,095 (22.10) 3,108 (33.51) 2.69 (2.48—2.90) <0.001
3 508 (5.36) 1,128 (12.16) 4.02 (3.57-4.52) <0.001
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Frequency (%)

Gender Atopic Diseases OR (95% CI) p value
No Anemia Anemia
No 6,727 (63.70) 5,627 (54.35) 1 [Reference]
Asthma
Yes 3,833 (36.30) 4,727 (45.65) 1.39 (1.31—-1.47) < 0.001
Atopic No 8,778 (83.13) 8,162 (78.83) 1 [Reference]
dermatitis Yes 1,782 (16.87) 2,192 (21.17)  1.22 (1.14-1.31) < 0.001
No 6,475 (61.32) 5,739 (55.43) 1 [Reference]
Female Allergic rhinitis
Yes 4,085 (38.68) 4,615 (44.57) 1.17 (1.10—-1.24) < 0.001
0 4,070 (38.79) 3,227 (31.17) 1 [Reference]
Atopic diseases, 1 3,735 (35.38) 3,674 (34.52) 1.22 (1.14—-1.30) < 0.001
i 2 2,219 (21.01) 2,699 (26.07) 1.54 (1.44—-1.66) < 0.001
3 509 (4.82) 854 (8.25) 2.13 (1.89-2.40) <0.001
Abbreviation: OR = odds ratio
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Table 7. Association between atopic diseases and anemia by insurance types in pediatric patients.

Insurance type

Frequency (%)

OR (95% CD)

Health

insurance

Atopic Diseases p value
No Anemia Anemia

Asthma No 12,173 (62.61) 9,056 (47.45) 1 [Reference]
Yes 7.271 (37.39) 10,030 (52.55) 1.71 (1.64-1.78) < 0.001

Atopic No 16,066 (82.63) 14,446 (75.69) 1 [Reference]
dermatitis Yes 3,378 (17.37) 4,640 (24.31) 1.35 (1.29-1.42) < 0.001

Allergic No 11,841 (60.90) 10,050 (52.66) 1 [Reference]
rhinitis Yes 7,603 (39.10) 9,036 (47.34) 1.22 (1.17-1.27) < 0.001

0 7,385 (37.98) 4,984 (26.11) 1 [Reference]
Atopic 1 6,860 (17.80) 6,449 (33.79) 1.39 (1.33—-1.46) < 0.001
diseases, n 2 4,205 (21.63) 5,702 (29.88) 2.01 (1.90-2.12) < 0.001
3 994 (5.11) 1,951 (10.22) 291 (2.67-3.17) < 0.001

38



Frequency (%)

OR (95% CI)

Insurance type Atopic Diseases p value
No Anemia Anemia
No 411 (69.20) 364 (67.16) 1 [Reference]
Asthma
Yes 183 (30.80) 178 (32.84) 1.01 (0.78—1.31) 0.941
Atopic No 510 (85.84) 440 (81.18) 1 [Reference]
dermatitis Yes 84 (14.16) 102 (18.82) 1.38 (1.00-1.91)  0.048
Allergic No 377 (63.34) 319 (58.86) 1 [Reference]
Medical aid o
rhinitis Yes 218 (36.66) 223 (41.14) 1.19 (0.93-1.52)  0.172
0 264 (44.42) 206 (38.01) 1 [Reference]
Atopic 1 199 (33.41) 200 (36.90) 1.29 (0.99-1.69) 0.062
diseases, n 2 109 (18.29) 105 (19.37) 1.24 (0.90-1.71)  0.197
3 23 (3.87) 31 (5.72) 1.73 (0.98— 3.05) 0.060
Abbreviation: OR = odds ratio
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Table 8. The results of sensitivity analysis in pediatric patients.

Atopic Diseases

> 3 diagnosis of diseases in a year

> b5 diagnosis of diseases in a year

Odds Ratio (95% CI) p value Odds Ratio (95% CD) p value
No 1 [Reference] 1 [Reference]
Asthma
Yes 3.65 (3.23—-4.13) < 0.001 5.46 (4.30—6.93 <0.001
No 1 [Reference] 1 [Reference]
Atopic dermatitis 3.03 (2.42-3.80) <0.001 6.14 (3.62-10.44) <0.001
No 1 [Reference] 1 [Reference]
All ic rhiniti
erefe sy es 1.36 (1.19-1.54) <0.001 1.69 (1.31-2.18)  <0.001
0 1 [Reference] 1 [Reference]
) ) 1 2.78 (2.48—-3.12) < 0.001 4.35 (3.52-5.37) < 0.001
Atopic diseases,
n 2 5.03 (4.25-5.97) < 0.001 8.50 (5.95-12.16) < 0.001
3 10.53 (6.24—17.79) < 0.001 21.47 (5.32—86.61) < 0.001
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Chapter 4. Discussion
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Section II. Association between
atopic disease and anemia in

Korean populations
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Chapter 2. Methods
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Chapter 3. Results
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Patients in
HIRA-NPS-2016
n= 1,468,033

*With anemia diagnosis
.| otherthan IDA or ACD

"l (n=44,460)
*Veterans (n=1,565)

A 4

Final study population
n=1,422,008

Non-anemic group Anemic group
n=1,376,327 n =45,681

*IDA only (n=43,322)
*ACD only (n=1,244)
+IDA and ACD (n=1,115)

Figure 6. Flow diagram for study subject inclusion

abbreviations: HIRA = Health Insurance Review Agency, IDA =

iron deficiency anemia, AI = anemia of inflammation

55



Standardized Variable Differences

Lower Cutoff|Upper Cutoff
D & +
HF ) +
can & +
IBD &+
RA 2
SLE 4+
COPD &+
PUD +
AN +
DEP # +
CED & +
HEP # +
SERP ® o+
BJI 4
MNG &
INSUP_TP_CD &+
SEX_TP_CD o +
LPS - &

-1.5 -1.0 -0.5 0.0 0.5 1.0

Difference (Treated - Control)

¥® All Obz ¢ Support Region 4 ATE Weighted Region Oba

Figure 7. Standardized variable differences between anemia
group and non—anemia group.

Abbreviations: DM = diabetes mellitus, HF = heart failure, can =
cancer, IBD = irritable bowel disease, RA = rheumatoid arthritis,
SLE = systemic lupus erythematosus, COPD = chronic obstructive
pulmonary disease, PUD = peptic ulcer disease, ANX = anxiety,
DEP = depression, CKD = chronic kidney disease, HEP = hepatitis,
SEP = sepsis, BJI = bone and joint infection, MNG = meningitis,
INSUP_TP_CD = insurance types, SEX_TP_CD = gender, Ips =

logit of propensity score.
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Distribution of LPS

[ Treated (anemia = 1)
[ Control (anemia = 0)

ATE Weighted Region j—

Region ‘ L |
S|

Observations

All

-5.0 -2.5 0.0 2.5 5.0
Logit of Propensity Score

Figure 8. Balance confounders for comparing the distribution of
baseline between anemia group and non—anemia group with
propensity weighting.
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Table 9. Baseline characteristics of subjects before and after inverse probability of treatment weighting.

Before Weighting, n (%)

After Weighting, n (%)

No Anemia Anemia Variance No Anemia Anemia Variance
(n=1,376,327) (n = 45,681) Ratio (n = 46,925) (n = 45,681) Ratio
Age group
Children (<12) 160,240 (11.64) 4755 (10.41) 3,350 (7.14) 4,755 (10.41)
Adolescents (=12, <18) 91,508 (6.65) 1,332 (2.92) 1,950 (4.16) 1,332 (2.92)
Adults (=18, <65) 948,857 (68.94) 27,093 (59.31) 27,017 (61.84) 27,093 (59.31)
Elderly (=65) 175,722 (12.77) 12,501 (27.37) 12,608 (26.87) 12,501 (27.37)
Sex 0.8689 0.9805
Male 683,856 (49.69) 14,568 (31.89) 14,719 (31.37) 14,568 (31.89)
Female 692,471 (50.31) 31,113 (68.11) 32,206 (68.63) 31,113 (68.11)
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Before Weighting, n (%)

After Weighting, n (%)

No Anemia Anemia Variance No Anemia Anemia Variance
(n=1,376,327) (n = 45,681) Ratio (n = 46,925) (n = 45,681) Ratio
Insurance Type 2.6143 1.1291
Health insurance 1,338,718 (97.27) 42,249 (92.49) 43,075 (91.80) 42,249 (92.49)
Medical aid 37,609 (2.73) 3,432 (7.51) 3,850 (8.20) 3,432 (7.51)
Systemic infection
Meningitis 624 (0.05) 76 (0.17)  3.6651 95 (0.20) 76 (0.17) 1.3826
BJT 3,727 (0.27) 331 (0.72)  2.6636 409 (0.87) 331 (0.72) 1.1776
Sepsis 2,980 (0.22) 777 (1.70)  7.7389 1,100 (2.34) 777 (1.70) 1.4559
HEP 23,828 (1.73) 3,403 (7.45)  4.0525 3,939 (8.39) 3,403 (7.45) 1.2805
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Before Weighting, n (%)

After Weighting, n (%)

No Anemia Anemia Variance No Anemia Anemia Variance
(n=1,376,327) (n = 45,681) Ratio (n = 46,925) (n = 45,681) Ratio
19.330
CKD 4,767 (0.35) 3,284 (7.19) 4,111 (8.76) 3,284 (7.19) 1.1217
8
HF 18,356 (1.33) 2,842 (6.22) 4.4337 3,303 (7.04) 2,842 (6.22) 1.2965
DM 137,858 (10.02) 15,806 (34.60) 2.5106 17,096 (36.43) 15,806 (34.60) 1.1833
Mental disorder
Depression 57,754 (4.20) 5,020 (10.99) 2.4331 5,626 (11.99) 5,020 (10.99) 1.2347
Anxiety 90,513 (6.58) 7,493 (16.40) 2.2319 8,242 (17.56) 7,493 (16.40) 1.2143
Cancer 46,695 (3.39) 5,043 (11.04) 2.9963 5,792 (12.33) 5,043 (11.04) 1.3991
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Before Weighting, n (%) After Weighting, n (%)

No Anemia Anemia Variance No Anemia Anemia Variance
(n=1,376,327) (n = 45,681) Ratio (n = 46,925) (n = 45,681) Ratio
Chronic inflammation

PUD 123,328 (8.96) 8,839 (19.35) 1.9130 9,602 (20.46) 8,839 (19.35) 1.1551
COPD 45,100 (3.28) 3,586 (7.85) 2.2824 3,993 (8.51) 3,586 (7.85) 1.1775
SLE 1,633 (0.12) 299 (0.65) 5.4870 371 (0.79) 299 (0.65) 1.4862
RA 24,614 (1.79) 2,841 (6.22) 3.3207 3,278 (6.99) 2,841 (6.22) 1.3073
IBD 2,025 (0.15) 248 (0.54) 3.6753 318 (0.68) 248 (0.54) 1.5443

Abbreviations: BJI = bone and joint infection, CKD = chronic kidney disease, HF = heart failure, DM = diabetes
mellitus, PUD = peptic ulcer disease, COPD = chronic obstructive pulmonary disease, SLE = systemic lupus

erythematosus, RA = rheumatoid arthritis, IBD = irritable bowel disease.
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32. olE¥AEN HIEY FAA

del=ruid,  HA FHES T A dEiwd. wdy
olEw A3 ORFE olEFIFA Ay =ruad, Hae o=z 717}
1.40 (95% CI, 1.33-1.48; p < 0.001), 1.12 (95% CI, 1.08-1.15; p <
0.001), 1.34 (95% CI, 1.29-1.38; p < 0.001) 24} =t} (Table 10).

gate]  olEd S WY {fHES BN Aye
obE v ghS Wehihx] ok ghApel wlwate], & 7px| ] ofEvH gk
7 Aol = 119 (95% CL1.16-1.23, p < 0.001), F 74
AghS Aehke ghxbo A 1.50 (95% CI; 1.43-1.57, p < 0.001), Al

A% BRFE AW gatea 2.60 (95% CL 2.30-2.95, p <

0.001) & YEFsTH(Table 10).
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Table 10. Association between atopic diseases and anemia in Korean population.

Atopic Diseases

Frequency (%)

No Anemia
(n = 46,925)

Anemia
(n = 45,681)

Odds Ratio (95% CD

p value

Asthma

No

Yes

39,308 (83.77)
7,616 (16.23)

35,891 (78.57)
9,790 (21.43)

1 [Reference]

1.34 (1.29-1.38)

<0.001

Atopic dermatitis

No

Yes

44,625 (95.10)
2,300 (4.90)

42,382 (92.78)
3,299 (7.22)

1 [Reference]

1.40 (1.33-1.48)

<0.001

Allergic rhinitis

No

Yes

34,923 (74.42)
12,002(25.58)

32,372 (70.87)
13,309 (29.13)

1 [Reference]

1.12 (1.08-1.15)

<0.001

Atopic diseases, n

29,590 (63.06)
13,112 (27.94)
3,863 (8.23)
360 (0.77)

26,022 (56.96)
13,744 (30.09)
5,091 (11.14)

824 (1.80)

1 [Referencel
1.19 (1.16-1.23)
1.50 (1.43-1.57)
2.60 (2.30-2.95)

<0.001
<0.001
<0.001
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3.2.2. A%l & olEN AT W] FAA

FE AT WAL FWYS ATl me} HI1F BHL
AW Az}, 2ot A obET R, Fel2rluled, A4e] OR@E
247+ 1.78 (95% CI, 1.58-1.99; p < 0.001) 1.30 (1.18-1.42; p <

0.001) 2.68 (2.44-2.94; p < 0.00D)E 4Ye} o AP

-

Mastle W gtk BE olEuAfelN A¥e] ZARS5E

TEES] S/ YEhuA st (ef v 9395 OR 1.12 (95% CL
0.99-1.26, p = 0.066), &#=7]9]<1; OR 1.00 (95% CI; 0.95-1.06, p
= 0.912), 2]; OR 0.99 (95% CI; 0.93-1.05, p = 0.750).

AA g A A olEv A gs ¥ ol 7H @Apds= ORgEo]

ol

ke A%e 13BAE Addut BAs) eksh o A
oA Zobgbaeld mrh FHW OR#S 718 mgon, PadTst

Holgbel NE SR UERdTh mgsiaielde  obEw Ak

Age E ARG oyl olEmAS Huk o fEiA®
FAACRE FYn|st Sk HolA] &Sttt (Table 11)
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Table 11. Subgroup analysis of associations between atopic diseases and anemia by age groups.

Frequency (%)

Age groups Atopic Diseases OR (95% CI) p value
No Anemia Anemia
Atopic No 2,794 (83.40) 3,379 (71.06) 1 [Reference]
dermatitis Yes 556 (16.60) 1,376 (28.94)  1.78 (1.58-1.99)  <0.001
‘ o No 2,023 (60.41) 2,319 (48.77) 1 [Reference]
Allergic rhinitis
Yes 1,326 (39.59) 2,436 (51.23) 1.30 (1.18-1.42) <0.001
Children No 2,112 (63.06) 1,737 (36.53) 1 [Reference]
Asthma
(<12 years) Yes 1,238 (36.94) 3,018 (63.47)  2.68 (2.44-2.94)  <0.001
0 1,267 (37.82) 805 (16.93) 1 [Reference]
Atopic diseases, 1 1,202 (35.89) 1,662 (34.95) 2.18 (1.94-2.44) <0.001
n 2 724 (21.62) 1,696 (35.67) 3.69 (3.26—4.17) <0.001
3 156 (4.67) 592 (12.45) 5.96 (4.89-7.26) <0.001
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Frequency (%)

Age groups Atopic Diseases OR (95% CI) p value
No Anemia Anemia
Atopic No 1,832 (93.95) 1,212 (90.99) 1 [Reference]
dermatitis Yes 118 (6.05) 120 (9.01)  1.47 (1.13-1.92)  0.005
No 1,400 (71.78) 869 (65.24) 1 [Reference]
Allergic rhinitis
Yes 550 (28.22) 463 (34.76) 1.29 (1.11-1.50) <0.001
Adolescents No 1,750 (89.73) 1,129 (84.76) 1 [Reference]
Asthma
>
(212, <18 years) Yes 200 (10.27) 203 (15.24)  1.47 (1.19-1.81)  <0.001
0 1,224 (62.79) 711 (53.38) 1 [Reference]
Atopic diseases, 1 592 (30.38) 470 (35.29) 1.37 (1.17-1.59) <0.001
n 2 123 (6.32) 137 (10.29) 1.91 (1.48-2.48) <0.001
3 10 (0.51) 14 (1.05) 2.43 (1.07-5.50) 0.037
66



Frequency (%)

Age groups Atopic Diseases OR (95% CI) p value
No Anemia Anemia
Atopic No 27,955 (96.34) 25,910 (95.63) 1 [Reference]
dermatitis Yes 1,062 (3.66) 1,183 (4.37)  1.17 (1.07-1.27)  <0.001
No 21,934 (75.59) 19,710 (72.75) 1 [Reference]
Allergic rhinitis
Yes 7,083 (24.41) 7,383 (27.25) 1.13 (1.09-1.17) <0.001
Adults No 25,722 (88.64) 23,368 (86.25) 1 [Reference]
Asthma
>
(218, <65 years) Yes 3,295 (11.36) 3,725 (13.75)  1.20 (1.14-1.27)  <0.001
0 19,574 (67.46) 17,124 (63.20) 1 [Reference]
Atopic diseases, 1 7,552 (26.03) 7,782 (28.72) 1.18 (1.13-1.23) <0.001
n 2 1,784 (6.15) 2,052 (7.57) 1.31 (1.23-1.41) <0.001
3 107 (0.37) 135 (0.50) 1.45 (1.12-1.87) 0.005
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Frequency (%)

Age groups Atopic Diseases OR (95% CI) p value
No Anemia Anemia
Atopic No 12,921 (95.54) 11,881 (95.04) 1 [Reference]
dermatitis Yes 603 (4.46) 620 (4.96)  1.12 (0.99-1.26)  0.066
No 9,566 (75.87) 9,474 (75.79) 1 [Reference]
Allergic rhinitis
Yes 3,042 (24.13) 3,027 (24.21) 1.00 (0.95-1.06) 0.912
Elderly No 9,725 (77.13) 9,657 (77.25) 1 [Reference]
Asthma
>
(265 years) Yes 2,884 (22.87) 2,844 (22.75)  0.99 (0.93-1.05)  0.750
0 7,525 (59.68) 7,382 (59.05) 1 [Reference]
Atopic diseases, 1 3,766 (29.87) 3,830 (30.64) 1.04 (0.98-1.10) 0.200
n 2 1,231 (9.76) 1,206 (9.65) 1.00 (0.92-1.09) 0.980
3 ’7 (0.69) 83 (0.66) 0.97 (0.72-1.31) 0.832

Abbreviations: OR = odds ratio, IDA = iron deficiency anemia, AI = anemia of inflammation
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FET AR obETN AR 9 ORFFE oY dL wlmwate] nw,

HAl oA BE FHoA %S OR#S HAtH(Table 12).
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Table 12. Subgroup analysis of associations between atopic diseases and anemia by gender.

Frequency (%)

Gender Atopic Diseases OR (95% CI) p value
No Anemia No Anemia
No 14,043 (95.41) 13,265 (91.06) 1 [Reference]
Atopic dermatitis
Yes 675 (4.59) 1303 (8.94) 1.73 (1.57-1.91) <0.001
No 11,354 (77.14) 10,411 (71.46) 1 [Reference]
Allergic rhinitis
Yes 3,364 (22.86) 4,157 (28.54) 1.17 (1.11-1.23) <0.001
No 12,556 (85.31) 10,904 (74.85) 1 [Reference]
Male Asthma
Yes 2,162 (14.69) 3,664 (25.15) 1.80 (1.68-1.89) <0.001
0 9,798 (66.57) 8,025 (55.09) 1 [Reference]
1 3,749 (25.47) 4,345 (29.83) 1.42 (1.34-1.49) <0.001
Atopic diseases, n
2 1,061 (7.21) 1,815 (12.46) 2.09 (1.93-2.27) <0.001
3 110 (0.75) 383 (2.63) 4.24 (3.42-5.25) <0.001
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Frequency (%)

Gender Atopic Diseases OR (95% CI) p value
No Anemia No Anemia
No 30,583 (94.96) 29,117 (93.58) 1 [Reference]
Atopic dermatitis
Yes 1,624 (5.04) 1,996 (6.42) 1.24 (1.16-1.33) <0.001
No 23,5669 (73.18) 21,961 (70.58) 1 [Reference]
Allergic rhinitis
Yes 8,638 (26.82) 9,152 (29.42) 1.10 (1.06-1.14) <0.001
No 26,753 (83.07) 24,987 (80.31) 1 [Reference]
Female Asthma
Yes 5,454 (16.93) 6,126 (19.69) 1.16 (1.11-1.21) <0.001
0 19,793 (61.45) 17,997 (57.84) 1 [Reference]
1 9,363 (29.07) 9,399 (30.21) 1.10 (1.07-1.14) <0.001
Atopic diseases, n
2 2,801 (8.70) 3,276 (10.53) 1.29 (1.22-1.36) <0.001
3 250 (0.78) 441 (1.42) 1.94 (1.66-2.27) <0.001

Abbreviations: OR = odds ratio, IDA = iron deficiency anemia, Al = anemia of inflammation
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3.2.4. AZRJAATE W& olEVFEN W FAA

AERY  TRAfelA olEFHSH} wIFHE A
AA A el Aol Wi FAFSHA UERRT. olEdd R,
del =7, A BEFoA mEdEHe AuAol  [fometAl
wAEgeH, g FxbA HdE olEIHZS] FU FESTHE
OR#E 7kt (Table 13).

Ty R RS A= ofEV I ORFEE 1.23 (95%

CI 1.02-1.49, p = 0.039) 2.2 EAAXOZE Fou|stA A e oy
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dedl=rmlas Al M= R EC]
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A kgkeh R

oFENAHY g o W oF ORFZINE obrd FRA

flo

oA ekttt
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Table 13. Subgroup analysis of associations between atopic diseases and anemia by insurance types.

Frequency (%)

Insurance types Atopic Diseases OR (95% CI) p value
No Anemia No Anemia
Atopic No 40,997 (95.18) 39,190 (92.76) 1 [Reference]
dermatitis Yes 2,078 (4.82) 3059 (7.24)  1.41 (1.33-1.50)  <0.001
No 32,109 (74.54) 29,901 (70.77) 1 [Reference]
Allergic rhinitis
Yes 10,966 (25.46) 12,348 (29.23) 1.12 (1.09-1.16) <0.001
No 36,448 (84.62) 33,293 (78.80) 1 [Reference]
Health insurance Asthma
Yes 6,627 (15.38) 8956 (21.20) 1.40 (1.35-1.45) <0.001
0 27,446 (63.72) 24,130 (57.11) 1 [Reference]
Atopic diseases. 1 11,914 (27.66) 12,657 (29.96) 1.21 (1.17-1.25) <0.001
n 2 3,390 (7.87) 4680 (11.08) 1.57 (1.50-1.65) <0.001
3 326 (0.76) 782 (1.85) 2.72 (2.39-3.11) <0.001
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Frequency (%)

Insurance types Atopic Diseases OR (95% CI) p value
No Anemia No Anemia
Atopic No 3,628 (94.24) 3,192 (93.01) 1 [Reference]
dermatitis Yes 222 (5.76) 240 (6.99)  1.23 (1.02-1.49)  0.039
No 2,814 (73.10) 2,471 (72.00) 1 [Reference]
Allergic rhinitis
Yes 1,036 (26.90) 961 (28.00) 1.06 (0.96-1.19) 0.280
No 2,860 (74.30) 2,598 (75.70) 1 [Reference]
Medical aid Asthma
Yes 990 (25.70) 834 (24.30) 0.91 (0.82-1.01) 0.099
0 2,141 (55.56) 1,892 (55.13) 1 [Reference]
Atopic diseases, 1 1,199 (31.13) 1,087 (31.67) 1.02 (0.93-1.14) 0.632
n 2 478 (12.40) 411 (11.98) 0.97 (0.84-1.13) 0.718
3 35 (0.92) 42 (1.22) 1.35 (0.86-2.12) 0.195
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WA gaprol A A 7 oy dee fREo] =/ Yebsten, ¢

=7 YEFStH(Table

14).
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Table 14. The results of sensitivity analysis in pediatric patients.

Atopic Diseases

> 3 diagnosis of diseases in a year

> b5 diagnosis of diseases in a year

Odds Ratio (95% CI) p value Odds Ratio (95% CI) p value
No 1 [Reference] 1 [Reference]
Asthma
Yes 1.90 (1.88—1.92) < 0.001 2.59 (2.54-2.63) < 0.001
No 1 [Reference] 1 [Reference]
Aton ..
topic dermatitis 1.66 (1.63-1.70) < 0.001 455 (4.40-4.71) < 0.001
No 1 [Reference] 1 [Reference]
Allergic rhinitis Yes 113 (1.12-1.13) < 0.001 116 (1.14-1.18)  <0.001
0 1 [Reference] 1 [Reference]
) ) 1 2.86 (2.47-3.31) < 0.001 1.99 (1.96—2.02) <0.001
Atopic diseases,
n 9 5.29 (4.43-6.31) <0.001 3.55 (3.46—-3.64) <0.001
3 14.47 (10.32—20.28) <0.001 9.03 (8.17—-9.99) <0.001
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Chapter 4. Discussion
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Association between atopic disease
and anemia: cross—sectional study

with propensity score analysis

Kiyon Rhew
College of Pharmacy, Clinical Pharmacy

The Graduate School

Seoul National University

1. Association between atopic disease and anemia in pediatric
patients

Atopic diseases, such as atopic dermatitis, allergic rhinitis,

and asthma, are inflammatory diseases common in pediatrics. Atopic

diseases are often comorbid with other diseases; indeed, the

prevalence of infectious disease, autoimmune disease, and mental

illness is higher in these patients than those without atopic disease,
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and these conditions, singly or in combination, can decrease
patients’ quality of life and increase morbidity and mortality.

Atopic diseases are associated with chronic inflammation. In
patients with inflammation—related diseases, immune activation and
iron deficiency can lead to anemia due to disruption of iron
homeostasis. In addition, systemic inflammatory conditions due to
atopic disease in pediatric patients may be significantly greater than
in adults or elderly patients. Therefore, this study aims to analyze
the correlation between atopic disease and anemia in pediatric
patients.

A cross—sectional study was conducted using a pediatric
dataset from the Health Insurance Review and Assessment Service
(HIRA) of South Korea in 2016. In this study, patients under the
age of 18 in HIRA—-PPS were included. Exclusion criteria were
patients diagnosed with anemia other than iron deficiency anemia
(IDA) and anemia of chronic disease (ACD). Binary logistic
regression was carried out by applying weighting using the
propensity score. To calculate the predicting propensity score, we
used a multivariable logistic regression model to estimate the
probability of each patient with or without IDA/ACD, including

confounders.
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A total of 846,718 pediatric patients were included in the

study. Of these, 19,628 (2.32%) had a diagnosis of IDA and/or ACD.

The OR of anemia was 1.56 (95% CI 1.48—-1.65; p < 0.001) for
atopic dermatitis, 1.21 (95% CI, 1.16—1.27; p < 0.001) for allergic
rhinitis, and 2.07 (95% CI, 1.99-2.16; p < 0.001) for asthma.
Anemia was more prevalent in patients with multiple comorbid
atopic diseases, with OR of 1.54 (95% CI, 1.47—-1.62), 2.50 (95%
CIl, 2.37—2.64), and 4.02 (95% CI, 3.67—4.39) for 1, 2, or 3 atopic
diagnoses.

Our findings suggest that atopic disease was associated with
ACD and/or IDA. Further study is needed to clarify the distinction
between ACD and/or IDA to better understand the cause of anemia
in patients with inflammatory diseases. This is presented as a result
supporting the hypothesis that anemia may occur due to the

inflammatory state of atopic disease.

2. Association between atopic disease and anemia

Atopic disease is accompanied by chronic inflammation. This
inflammatory condition can cause anemia of chronic disease (ACD),
also known as anemia of chronic disease. It was confirmed that the

prevalence of anemia was high in children with atopic disease in
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Section I. The purpose of this study was to determine whether the
relationship between atopic disease and anemia appears in adults as
well as children.

We hypothesized that inflammation associated with atopic
disease leads to anemia, although the differential diagnosis of IDA
and ACD i1s not routinely performed. If this were the case, then
there would be an association between the two diseases regardless
the patient’s age. We therefore examined the association between
the presence of atopic disease and ACD/IDA considering the effects
of medical conditions that can affect the prevalence of anemia in

Korean population including all age groups.

A cross—sectional study with propensity score weighting was
conducted using a health insurance review agency claims dataset
comprised of randomized patients who used the Korean national
health system at least once in 2016. The association between atopic
disease (asthma, atopic dermatitis, allergic rhinitis) and anemia
(iron deficiency anemia (IDA) and/or anemia of inflammation (AI))
was examined.

A cross—sectional study with propensity score weighting

was conducted using a health insurance review agency claims
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dataset comprised of randomized patients who used the Korean
national health system at least once in 2016. The association
between atopic disease (asthma, atopic dermatitis, allergic rhinitis)
and anemia (iron deficiency anemia (IDA) and/or anemia of chronic
disease (ACD)) was examined.

A total of 1,468,033 patients were included in this study.
The IDA/AI prevalence was 3.1% (45,681 patients). After
propensity score weighting, there were 46,958 and 45,681 patients
in the non—anemic and anemic groups, respectively.

The association of IDA and ACD exhibited an OR of 1.40
(95% CI, 1.33-1.48; p < 0.001), 1.12 (95% CI, 1.09-1.15; p <
0.001), and 1.34 (95% CI, 1.29-1.38; p < 0.001) in patients with
atopic dermatitis, allergic rhinitis, or asthma, respectively. Analysis
of covariates indicated associations between all of the atopic
diseases examined and IDA. The overall association with one atopic
disease was 1.19 (95% CI, 1.16-1.23; p < 0.001), whereas the
association was higher in those with two atopic diseases (1.50
(95% CI, 1.43-1.57; p < 0.001)) and increased to a > 2—fold
association (OR = 2.60 (95% CI, 2.30-2.95; p < 0.001)) in patients
with three atopic diseases. These results indicate that the overall

prevalence of IDA/ACD increases as the number of atopic diseases

99



increases.

The association between atopic disease and anemia was more
pronounced in pediatric patients than in any of the other age groups.
In addition, the OR for anemia with atopic diseases was higher in
male than female patients. In contrast, no associations were
observed between anemia and atopic diseases or increased number
of atopic diseases in elderly patients. Except for atopic dermatitis,
there was no association between anemia and any other atopic
disease in patients receiving medical aid. In addition, there was no
increased prevalence of anemia with increasing number of atopic
diseases in these patients.

In conclusion, the prevalence of IDA/AI was higher in patients
with atopic disease, even after adjusting for demographic
characteristics and other risk factors. Further study is needed to
distinguish between IDA and Al and to enhance understanding of

the etiology of anemia in patients with inflammatory conditions.

Keywords: allergic rhinitis, atopic dermatitis, asthma, anemia of

inflammation, atopic disease,
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