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Integrative Analysis of Sleep Records and Meteorological Data Using
Al-Based Data Fusion: Development and Application of a Fusion
Agent

Yunhee Son'*, Icktae Kim!
Korea Institute of Oriental Medicine

Abstract

Objectives : This study developed and applied an artificial intelligence (Al)-based data
fusion agent to integrate repeated sleep records with public meteorological data and
examine whether environmental context revealed additional sleep-related associations.

Methods : The analytic cohort included 811 participants with 13,728 daily chatbot-based
sleep records. The agent performed local schema profiling, Al-based external-data
recommendation, automated acquisition through a public API connector, and local data
fusion. Daily observations from the Korea Meteorological Administration ASOS station in
Daejeon were linked by survey date. Generalized estimating equations were used for
repeated measures. Calendar month was additionally adjusted in sensitivity analyses,
and false discovery rate correction was applied to exploratory constitution-by-weather
interactions.

Results : All 13,728 records were exactly matched to meteorological data. In the
primary model, each 5°C increase in mean temperature was associated with a
2.13-minute decrease in sleep duration (95% ClI -3.78 to -0.48, p=0.011), but this
association was attenuated after month adjustment (p=0.227). The temperature-by-sex
interaction remained significant after month adjustment (p=0.036). A
precipitation-by-Sasang constitution interaction also remained significant (joint p=0.008:
FDR-adjusted q=0.042). In Soyangin, sleep duration decreased by 3.35 minutes per
10-mm increase in precipitation (95% CI -5.31 to -1.40, p=0.001), whereas no significant
slopes were observed in Soeumin or Taeeumin.

Conclusions : Al-assisted fusion of repeated sleep and public meteorological data
enabled analysis of context-dependent sleep variation. The overall temperature
association was sensitive to seasonal adjustment, whereas sex- and constitution-related
interactions persisted and require independent replication.

Keywords : Artificial intelligence; Data fusion; Sleep diary; Meteorological data;
Generalized estimating equations

% AIAAL ¢ Yunhee Son. KOREA INSTITUTE OF ORIENTAL MEDICINE. Room 206, Dasan Hall, 1672,
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2 agsgnt

At OigAoNA of2] GxRe] SHALE7E ¥hE pAEleo s Tl U vrEEAY (A
S v2st7] 95l generalized estimating equations(GEE)E AMESICH19]. ©A A&, At
AAE H APgeE 2t VIS V2R At ol VdAtE g RPN =
BR7)e, IYNSE, VR4 LRAL, BRBEES 271500 5L ojnel Foeg
wAstech. Jleo AEA WEe mE Mol 2 sbsHe HAsh] o5 gAY St
U E #AZ 2350 AN Gaussian 29} identity link, £ & 72V Sl

Poisson #°} log linkE A8t GEER2 #A51% 1, 2HO] Hofl= &4 GEEE AMES
@t ¥rEEXA 7t = wshts ARl R(exchangeable working correlation
structure)2 AU, &A% GEEo|A OR>12 ¢ =2, & ¢ &Y% ¥ A A4
4% 977} 3718 Qujgith 244 S4oAE RE Y0l 42 9IS FAst] sl 2
o]& GEE(negative binomial GEE)ES ©|&3st Rl e A& 438851t

B@7|eut 2UAZLY BAo] o] wat LA sHelsty] s W@ exE
HEREFS BYY GEE B9e Aysiar,. 23l F740 FRABLL ol gstof
gt olgolld WPl watel ME ARAR WS 247 AEslEn, 943 sHgel of
& ALES slsy] Aol WL ARYULES o83 WEY BAT pysir. 3t
gadlnt 2EAIZI] B ol AA whet DA eAlS gasty] S5 BRvle, o
Hrg, BIYUSE, AXAL L FRFS 220 s /IHLAHE F5A8L F
Lo GEE R@or AEsIIct AAE I 7187 Atol= 3% Wald ZX(joint Wald test)
dlA

discovery rate(FDR) 2782 & 85l9itt. 92I3t Jartgo] 2olg %9 HYALL 0|5
of Al Wstetal 95% Alelahe ArEal

EAR fol5ES G5 p<0. Az Ty 2 Faole
e 4EA8S 50 BHoE AMSAT, 1 el JAed Fauet A1 HEAe
< BAA Aoz RSt AEXVY deAgolM= FDR B4 qits 7 AAISHA
.}, 23 7[9F 95% A2 L7H(confidence interval, CI)& &7 AA|stFon, AL Z7}
g U e BAO Aute 29 Aol I ZESIGH. FAEA2 Python 3.11 7oA

o s 2 Apoxol 53
Lo BE 1R B4 9 ARFASE AL REA o HEde IAY 2Y 1w A
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1) g8 ololdEe] HlolE| g8 Az}
4T A7AY Jug vigoR oA Aol 1Y UARst 98 gEARE AAHY
o ol% S5 /1A ASOS AUES Bl AH BEYL 2AsT HEUS JF0R 9

Atzet Agstoict. A% BAUY 81199 13,7287 /1SS 5 e AxlstEon], g4t
o]

o

LA A OdA] 7152 Qe 2SS sgAtRAME 4 IE pRVIFA FE IR oA
ASOS Fwt7]e, 272, AA7|2, s, Bddtiss, 2R R gasHol 9

A

100% USSP BHL ouists ABo} ofat Apold FR AY 7S 21F
o2 WnEel YRARI} w2 Qo] AANUSS oJuidtch. M /14 WAL WY Al
7HAYT AOl et $2 B APRI XY SUstsla, HRUE J1FOR B8 AR Y

= |
2 st oty SY3 9Ataet SUs APl #ES o8 Ho e folH

BAE WY 4 9o,

do 1
% |o

2) g¥xtRY| J|&45A

13728710 AA| 4 7]20|A] 2HAIZIS H 384.66+103.17%, AALH W F 7t
A 35 1.09£1.919], 209 A H4e 1.18+0.68% 0]t SHAI Atz & =
&1}, 720 olshE A& 13,626719] Hat SHAIFE 383.48+87.71F0|dct. 4E Hat
712 14.68+9.99°C, 7|2 20.33+9.80°C, Z|A7]e 9.85+10.50°C, FHIAUL
67.86+13.82%, YZAIZF 6.72+3.90A17t, BE4 1.64+0.70 m/sict.

P

722 AHEHeE AR @8 e s Q1Y Ho STAIEo] 389.53F, Q2
389.49%, Q3 380.37%, Q4 374.41802 Uehjrh 71 =2 712 AR o)A 7HAF w4
712 AREHETE HAE FHd SHAIO]
AIMHAZ SASHA] it o] & BHEE

28 Y SRS

158 Zotol} o]= HA A 7]&4A H|Wo|BZ
GEEO|M = 7RS4 & 71dad o AR

oF
O}
3

ik N B+ BEUA Y% Hel
SHAIE (B) 13,728 384.66+103.17 390.00 0-1490
2HAIE (FEHY) 13,626 383.48+87.71 390.00 1-720
N A I B
v FA 3 3 13,728 1.09+1.91 1.00 0-25
(3))
»ee]
13,728 1.18+0.68 1.00 0-3
(0-5%. 3-148)
g7 (°C 13,728 14.68+9.99 14.40 -13.5-30.8

21712 (°C) 13,728 20.33+9.80 21.10 -8.3-36.6
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LS N B+ BEUAL FU el
2 x7]L (°C) 13,728 9.85+10.50 9.20 -17.7-27.7
YIRS E (%) 13,728 67.86+13.82 69.00 25.8-97.0
A% A7t (hr) 13,463 6.72+3.90 7.70 0-13.7
PIFEE (m/s) 13,728 1.64+0.70 1.50 0.3-5.2
3) 7RIS 7|22y 7|88 88 & 4
71 ¢HaE EAsr] Aol A8, AVSAE W AgeE et IS TR RdS2 AYste
o 75 aHAIRE 13,6267 ©]838t Gaussian GEEO|A of/de] WA g3k= [Fo51X]
LOITHP=0.438). A1t Bj&Rle] AT At [olgt Afolr} glitH(p=0.246,
p=0.634). §FH Poisson GEEO|A of/de] d¥E W F Z2Pd ¥l GHET =doy
IRR=1.43 (95% CI 1.20-1.71, p<0.001)°0. & uUEepGct o] Aut= 7|\AAt&7F F71HE 7] A7)

AT 2R LS YAYS AAlSHE /1EBP R AHEshect,

ok ohE Z1gael, A, A}*Jiﬂé‘, %, XY off L YA
o

=
el weae Aol AR WES o QAshl med BYE BAdAE
gu37]7F -1.36E/5°CE 7FASI¥ EAA S99 SX|EA] AQqrH95% CI -3.55 to
0.84, p=0.227). wWebd FF129 MA FRAE AR BH PAlo DU An=z 45
Ch 712 SERPoIN FFYUSE 10% 3712 £0ANY BAYL SAX gy =
Foch. BEFELL 1

5tAl Iokil(beta=1.82%, p=0.066), Z4 it UAAZLE Qolstx] o
m/s 3719 225% S71ste WUYol VAHACUHP-0.046), PHAY F7h ¥ Folt
p=0.0602.2 ofsfelol GAIx| Azt o) 4aigl

MEEE ¥ 5 2/ SIS o] 835t Poisson GEEOA = FHd7]2, Bd/ddse, 45

al s FPZA gt EAROog <05t WAAS Wolx| ooct Loldt GEEE

B\ Eae) t}%’éol EARMOZ JO5HA %0} Poisson
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Table 4. 7147 2.Q13} Q'8 Swate] chiad GEE B4

- 7+ IRR (95% 2mo] & OR
a9 2WHA|7E B (95% CI °
FHy 2HAIZE B ( ) p cI) D (95% CI)
0.976 (0.905- 1.020 (0.977,
W37 +5C -2.13 (-3.78, -0.48) 0.011 0.535 0.366
1.053) 1.065)
AT 0.989 (0.957- 0.989 (0.946,
1.82 (-0.12, 3.75)  0.066 0.526 0.615
+10% 1.023) 1.033)
7322F +10 1.013 (0.993- 1.005 (0.976,
-0.24 (-1.61, 1.14)  0.737 0.202 0.761

mm 1.033) 1.034)



138 tieterolRldets]x] 304 1=

] 74 IRR (95% +¥ 2 OR
=EUS FUARE B (95% CI °
Fd4S SUARE B ( ) p cn p (95% CI) P
AEAF +1 0.993 (0.983- 1.002 (0.991,
0.24 (-0.27, 0.75) ~ 0.358 0.150 0.761
hr 1.003) 1.013)
PFEL +1 0.989 (0.948~ 0.980 (0.933,
2.25 (0.04, 4.45)  0.046 0.622 0.413
m/s 1.032) 1.029)

9. 71gEA, 5 on 9 g

ﬁ o> = — %

Alo B 712 §d Rl Ayoltt. 24 3o+ Poisson GEE, 89 A2 &A% GEE
=S|
o

4) B@rlea LU HE FIAL
Woledt Aue] J3A8e g /R S0 sle SuAzte] B0l 4
Hoj ojel golshAl @tk WEsle 5C Avbo] oiE dAel wsteke 0.178(95% CI
-2.49 to 2.83, p=0.899)0.8 KOJ5tX] QUory, WA 2XAA ArSARESHS. -3.278/5°C
A5t ool watere 5C F71Y
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HolAe Solstal Qothp=0.837). THUS Z/15 URE BHNE Q4xoly AsAE
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Table 5. W@7|e SHARIC] 42 Hosrg % UPE £
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x ER-E oy amn - p a4
FF7|e +5C  0.17% -3.09% (95% CI
i (95% 3278 0042 A9 zto] 90
(712) (p=0.899) -5.01, -1.17; p=0.002)
PF1e +5C  0.97% -2.322 (95% Cl )
371 (95% 3308  0.036 Aexg 9x
(2 %7} BA)  (p=0.536) -4.71, 0.06: p=0.056)
Q4 vs Ql (7]  -1.26% -15.01% (95% Cl
-13.75%  0.026 ¥ #bo] go
2) (p=0.837) -23.68, -6.33; p<0.001) g8 el
Q4 vs Ql 6.43% -11.63% (95% CI laose oo O ET BA
(4 x71 wx)  (p=0.446) -23.27, 0.02; p=0.050) e sz

oJ5tA] kokl(joint p=0.143), HaA}
7_|P7P .]8} | &chjoint p=0.103,
p=0.148, p=0.519). JDJ UAPZXAVIAA FEAE2 AR 795t 2t (joint
p=0.007), 57]2] AAX7|A} A3 AL st FDR B4 %ol goldo] A= et
(q=0.035). 2HL3 715 U e ZA A= 70*4%“}%7\1]%‘ %*iﬂ%% OK]H‘”E}(JOM
p=0.008, FDR q=0.042). €& 2

HA|ZFS 3.358 A5 1(95% CI -5.31 to -1.40, p=0.001), A29018 —0.19—,-_—(95% CI
-2.07 to 1.69, p=0.841), EfS012 +1.505(95% Cl -1.11 to 4.11, p=0.259)0.2 Q0J5}x]

orert.

ki o 2z vs % P
A9FQ1 -3.35% -5.31 to -1.40 0.001
AL9] -0.19%8 -2.07 to 1.69 0.841
B2l +1.50% -1.11 to 4.11 0.259
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Y, A9, Brle, BdddsE, dRARE ¥HdEs AT off, 2Y¥dR 3 2¥de
E‘*O}Oﬂi} il"e‘X%‘%E& A ’b‘i‘—‘}%% joint p=0.0080]1aL, 571 AAX71% F=At-gol

Klﬂ ‘Qil}(]omt p=0.008).
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