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Abstract

Objective: To explore the relationship between chronic insomnia and frailty, and to analyze the poten-
tial role of indicators such as inflammation, blood cell parameters, and biochemical markers. Methods:
A total of 118 subjects were enrolled, including 62 in the chronic insomnia group and 56 in the control
group. Frailty status was assessed using the Fried scale, and insomnia severity was assessed using the
Athens Insomnia Scale (AIS). Physiological and cognitive function indicators, including interleukin-6
(IL-6), high-sensitivity C-reactive protein (hs-CRP), complete blood count, blood lipids, and Mini-Men-
tal State Examination (MMSE) scores, were measured. Inter-group comparisons were performed using
t-tests, chi-square tests, and the Mann-Whitney U test. Correlation analysis was conducted using Spear-
man'’s rank correlation. The independent association between chronic insomnia and frailty was as-
sessed via Logistic regression analysis. Mediating effect analysis was used to explore the mediating
roles of IL-6 and hemoglobin. Results: (1) The Fried scale score was significantly higher in the chronic
insomnia group than in the control group (P < 0.01). (2) IL-6 levels were significantly elevated (P <
0.01), while red blood cell count and hemoglobin levels were significantly reduced (P < 0.01) in the
chronic insomnia group. (3) The MMSE score was significantly lower in the chronic insomnia group (P
< 0.01), but it did not show statistical significance in the Logistic regression analysis (P = 0.664). (4)
Spearman correlation analysis showed that the Fried scale score was positively correlated with IL-6 (r
=0.363, P < 0.01) and negatively correlated with hemoglobin, red blood cell count, and MMSE score (P
<0.01). The AIS score was positively correlated with the Fried scale score and IL-6 (P < 0.01). (5) Binary
logistic regression assessing the association between the insomnia group and frailty status indicated a
higher risk of frailty in the insomnia group (OR = 22.19,95% CI: 1.57~314.07, P = 0.02). The exception-
ally wide confidence interval for this odds ratio suggests the estimate is highly unstable, and thus this
result should be considered merely exploratory. (6) Both IL-6 and hemoglobin showed significant me-
diating effects in the relationship between insomnia and frailty, with effect proportions of 20.99% and
33.33%, respectively. However, the cross-sectional data cannot confirm causality. Conclusion: Chronic
insomnia is closely associated with frailty, and this relationship may be mediated by inflammation and
anemia. Notably, the analysis also revealed that frailty is a significant independent risk factor for in-
somnia. Although the cross-sectional design cannot establish causality, these findings suggest a poten-
tial interconnected vicious cycle between the two conditions. The role of frailty as a causative factor for
insomnia requires further validation through longitudinal studies.
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P ABRAE R AH, RHIGPR S B A AL TAFEH B R [4]. REEFHSERMIET A R FA %K
[5], BRI SRR TR, Bk, #iE5 2 AHKM N R B R EE[6]. KRS 355 2 (8] 5% R 1% 51
BTz RE BN A ARSI S R 2R, R A RS [7]-[10] .

KR 7 BERR PR 2240, SRHR R I E o I AR 55 Aeg R . LSR5 SR IEE A S AL
1 TURAR SR, LT S e B At 5 (o #oh A  FCo ML 9005 ) [11] [12] 0 SRR AEAE W] R 33K
H I ZhRERERS . 1% 45 i 3 DL R A VK S 10228, 1K 8 (R 2 M RE N 32 55 R R R R [13]. ez, HEFPIR
A FT SRR AR (A8 PR R 13052 BR) (IR P DA AL B RS, AT BB RN 75 ke B e R R HR I
B[R EK[14] [15].

IR, RIR AT REE IS 2 AN YDA AU ZE 5 A 5o . lan, A8tk SR IR AT B T BUA N A EK T
Fhim, X5 R AR R VA OC[16]. 73— 71, FE55HH M SR IR A0 A #1581 m] fig S >k
BLAEAR () A FREE M, TR RCEVENEIR . Ak, SRHRAE AT Re g2 & NN A Dy e AL UL g R, 32E— 2 el
FERIREI[17]. TR, AL AR ¢ R GE it TRTEYE, PR3 555 RAR T Re AL iR A AL
FEA[18].

R CH AR INRIR S 55 2 [AAAAE — € A OGO, (HBAR ) R B o0 | AME FALHI AN R . 2%
MR 95 I R AR B . DA RAEDR 1 AR R ELSE AR S R AH BAE L, 57— AR
ANRZ . B, B 7B RN RS M R IR S 55 A SCME, IRDTHRIRAE R 55 K AL b I e LI, HE
B3R — AU R R T3

2. ARFG=E

KH G*Power AT HEATHEARRIHA, BT HSZFEA t £330 (Cohen’sd = 0.5, & = 0.05,1 - £ =0.80), it
HASRARFEA RN 102, RANAN 118 %2 5H[19].

2.1. BERIFESHER

IEHL 2024 4F 10 H 2 2025 - 3 H 2 BEERR =M E MR B2 16 1 62 filfg P ik B354 CID 4,
LRI 56 44 {d FRAK & VR Rt B2 . AT 5T 3RAT 2 R R 5 B Je ST R B A B 2 5 > L HE (R B
5 KYXM-202405-040); Fif 255 08B MG R E .

IINFRE: CID AH: (1) fE ChEBRAKIRIZE 5077181 (2023 i) 2WibritE, JRIR™ HEERETE
HER > 1549 Hiiz N CID, #ifE > 34MNH(Q2) Fi#d: 55 £~70 % (3) /IMFER LA LK, T fERE
G, XTHEZH: (1) R 56 Zfd AR & (2) JoRHRF YRAIAR O L.

HERRARAE: (1) A R REO™ FORS B (A HMARSE K 0 > 2LREAE), X SEiAE 1] BE R A 0T 2R AR |
AN EN T RE ALVl . (2) B 6 AN H s i S EIRFRAG . DA JRNREAG B 55 A DG I kiR T (n
WHAT AT RIRZYIIAITE), ARERET FOAEAS S A0 38) — . (3) B aniilE . BEIRIE . IflE
FH R BRI S G T BRSO .

22. METHR

(1) AR & T

AHIT TR FH B 25 457 2% B 5 % (Athens Insomnia Scale, AIS) [2017F @ 2EAk TAE, 1% T B AL BEIRIE AR )
R B R R SEEIREC . EUREIR T E . HEZRES . KA 6e KB REFE L 8 M4k
fE . BRERZAE BB 1AH AR B >3 IR, KA 0-3 73 P40 = Johitk/ Ik
W, 1= BRERY, 2= RERY, 3= EERE). 420 6 4B AT R e AR R IAER, HAP
Iy S RIR™ HE R SRR G
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(2) FE59H9MTE T A

SR Fried BEIAESEIRE, SRIGEIL IS, 5. RERE. SEEE. FIEHA
H R PF A 2 55[5] .

(3) IENThRERT I -

S 5 53 R R B 2R (MMSE) RS A RIS AE[21], 855 30 4, A UBRMIRE AR Th R 22,

(4) RAEDREND):

IL-6 A1 hs-CRP s2& H A& 99 XM 70 e W IR JOREFR b, SO H T 1l 22 e 2 S AH O 45 )
[22] SR FH I G 2R BV (ELISA) B S 28 o BE VR A7 0 52

(5) I FL LA HE A5

UFRLAH LI HU(RBC) ML Z1 8 FI(Hb).  F 8 I (Albumin) fiL RS, X HeHbR f e 2 5 % () 25 TR
Bl ARBE LA o B FEEUEE T W N RAEFRFR 5L : NLR. PLR. SII. SIRI, fENRGMERAIRE 1)
Rk

2.3. BURSRTE

AHFE K H SPSS27.0 HAF AN Python AR #EAT #diE 0Hr . Git B B 1 /K-FIE A P <0.05, %8I 78 %
BRI —RRFIECERS . MR ZHEER AISVERZE)ATIIME £ FRiE 2 (r £ s) s A E (VU 4317 B BE)
M (P25~P75)fitiik it . A LT T, RS 70 A0 B R O AEAR t 5%, 7 KRR R,
AE IEZ& A0 #98 K F Mann-WhitneyU #:56 . %1 Spearman #H5¢ 0 #1144 Freid ER1F0 5 IL-6. L4000
T AIS PPy, MALEE . MMSE VRS MAHDGPE,  DURCR SR b il i #4 B R 25 5 & B B2 A AH
KZH . KA JC Logistic B HT18H: IR 5= 5500 X8, R REMRRHNE, JHTHEMRALL
(OR) & 95% E {5 X [f](Cl). J& K SPSS % FEFF PROCESS (v4.1) A=Y 4 Xt /A AU B AT R 560

3. 5 (Results)
3.1 MEE SIS KRREELS A O FRIGKRIFELLE

W2z 1R, XHHRAL(n = 56) 518 M AR AL (n = 62)7EERY . MR A MR HBEFER E LR EER. R
MM, M IR Y AIS PR 38 e T4 B2 (15.48 £ 3.21 vs. 3.71 + 1.21, P < 0.01), B ZRBR SR ™ H L
JEAFAEA () 2 57

Table 1. Comparison of baseline demographic and clinical characteristics [n (%), mean + SD]

F 1 B ADOZERIGREFELSE [n (%), (x5)]

20 5 R k(%) P (551 %2) ZHEEREE) AlIS -5
it R4 56 62.2 + 4.47 20/36 8.79 +2.20 3.71+1.21
(EXCN 2 62 62.05 + 6.89 27135 9.48 +2.25 15.48 +3.21
th2 18 -1.69 0.75 -1.70 —26.84
PH 0.89 0.39 0.09 <0.01

e a PAER LA HOR IR B 2 R () 2 {E, iAoy Mann-WhitneyU #5561 Z {K -

3.2. FEEERE. MMARAR. EHFIRIRAE LR
S IRAAE, 18k S IR Fried B3£I MMSE 148 1L-6 AFE. Hih =Hs/KF. agifEit
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B, MAEAKFHMESEER, BESHHEXP <0.05)0#% 2, AEA. @B C rMEA. FR
N EER . SAHEEE, REEREEA. S EEEE. PLR. NLP. Sll. SIRI Z538FR1E /4R 12 716
giit e X (P> 0.05).

Table 2. Comparison of inflammatory, hematological, and biochemical parameters between groups [Median (IQR)]

2 PAEEXE. MMBEER. £HERIrEAE LR [Median (IQR)]

it B2 RAR A z M8 P
HEA 47.50 (47.25~48.95) 41.75 (39.40~45.10) -8.13 0.45
Fried % 1.00 (0.00~1.50) 1.00 (1.00~2.00) ~7.69 <0.01
MMSE 21.00 (17.50~26.50) 19.50 (19.00~24.00) -5.74 <0.01
Aol 4.89 (4.51~5.15) 4.10 (3.78~4.57) -6.96 <0.01
mersEn 153.00 (143.00~156.50) 123.00 (112.25~129.75) -8.17 <0.01
hs-CRP 1.08 (0.90~1.46) 1.20 (0.60~2.80) -1.38 0.17
[F] B2 R R 12.40 (10.90~16.20) 11.40 (8.80~13.38) -1.60 0.11
SN [ 461 (3.73~4.63) 4.27 (3.37~4.88) -0.32 0.75
HH =g 0.97 (0.95~1.14) 1.13 (1.02~1.96) -2.73 0.01
R REA 2.66 (1.93~3.02) 2.07 (1.63~2.66) -2.42 0.12
i R EE 1.20 (1.12~1.34) 1.05 (0.93~1.34) -2.40 0.13
IL-6 1.45 (1.21~1.58) 3.10 (2.51~4.20) -8.411 <0.01
PLR 366.39 (358.50~516.95) 396.53 (181.25~542.90) —0.46 0.65
NLP 1.85 (1.50~2.09) 2.04 (1.44~2.55) -1.99 0.05
sl 382.42 (287.25~513.22) 412.71 (244.62~580.59) -0.77 0.44
SIRI 0.68 (0.58~0.75) 0.63 (0.44~0.86) -1.53 0.13

e IL-6 (A %-6). PLR (/MR ELE) . NLP (ko2 itk R4 b)) . S (i MRTHE < Ak
M B AR TH 5D . SIRE (YRR AR T B x B AN TRk A A T £

3.3. Fried B%R5 IL-6. MAZEBEFMEXMESHT
Spearman A IPE TR R, Fried K5 1L-6 2R FIEAX, SO, a8 E & MMSE

ERFENMRIA 3. HHh, IL-6 SN ER 2 IS, 040 THECS M08 A 2 iR R

Table 3. Correlation analysis between fried frailty scale and IL-6, hemoglobin, and other parameters
%< 3. Fried 2% 5 IL-6. MAERFMHEXMESHT

Fried &% IL-6 ARz 1) By Ax i Mmers&EH MMSE
Fried &% 0.523™ -0.536™ 0.570™ -0.543" —0.747"
IL-6 -0.518" 0.758™ -0.638"" —0.450"
ARkl ) -0.597™ 0.836™ 0.352"
B A -0.681" -0.537"
MmersEA 0.413™

MMSE

“7 ®yRP <001, “7 FIRP<0.05.
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3.4. BMEREKEZEN —TZEETSHER

Zig R ER(LZE 4), Fried PE42 0 IL-6 212 RIRFIMS BRI E, MAEALERTREGP <
0.05). MMSE FIHM =B L EZE R L. BT T ZEKEF(VIF)IERZ EILEM, BRI L E
=

Table 4. Binary logistic regression analysis of risk factors for chronic insomnia

=4 BUARERERNZTIZEBEADINER

A B FRifER2ZE Wald P Exp (B) TRR FBR
Fried % 3.1 1.352 5.257 0.022 22.193 1.568 314.073
IL-6 2.376 0.962 6.099 0.014 10.767 1.633 70.993

JIIRAR: 4=| -0.118 0.053 491 0.027 0.889 0.801 0.986
Hih = 0.819 1.853 0.196 0.658 2.269 0.06 85.731
MMSE 0.101 0.2 0.258 0.612 1.107 0.748 1.636

3.5. IL-6 #1 Hb ZEkER 5= T ER

DRERTT R IR 368 55 1 S5 25 1 [l 2 e R ] PE AL, ZERE S iRt — 20 51N MR A AR AN Z5 4 7 FE AR
A, @R SPSS ZEFE/F Process ] Modeld SKEEAT F AR08 AR, AR PE Hayes $2 L) Bootstrap F
THERIGAE /34T 1L-6 Al Hb 78 2RHR 5 3 55 [l R A VE R LI 1.

IL-6

1.48"
Freid scale — AIS

Hb

*: ™P<0.01, "P<0.05.
Figure 1. Path diagram of IL-6, Hb, insomnia, and frailty with standardized coefficients

& 1. 1L-6. Hb, kIRS5RIEMRFZRKE

Table 5. Decomposition of total, direct, and mediation effects

=5 BHN. BEEMMEFNYESER

i H BONAE SE & 95% ClI BN L (%)
R THR
HAER 1.48 0.34 0.81 2.15 45.68%
H A RN (1L-6) 0.68 0.16 0.43 1.07 20.99%
HA 35508 (Hb) 1.08 0.23 0.65 1.55 33.33%
IER 324 0.39 2.46 4,01 100%
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R 5 R FEIINRMR A Hby 1L-6 B 141 2R bootstrap 95% & (5 X [H] 1) . FHAEE 0,
TR A RN RIR S E N AR, T HAEIE IL-6. Hb 1X—AF &kl /A N E A . 1% B e
(L.48) R A2 1L-6 (0.68) H AR Hb (1.08) 73 1) 15 AL A8 (3.24) ) 45.68%. 20.99%. 33.33%.

4. g (Discussion)

AHE TR AT “ AP figr 7 BIRHEZL DR, MRV RIRIE KRNI, 382 ARG AEHEBE, R
DAL

4.1, RERSRIEHIXE

55 (frailty) /&2 —Fh LLE B & T BRI 2 RGN Re Rt NRHIE LR G100, BRI & F RN
IR ERR R AR, 181 RIRAN Freid ERVP0 1 5 & T X (P <0.05), AHFAK
B, 8RR Fried B3RP0 02w T X IRAL(P < 0.05), HRHR™HEE(AIS W) S g £ W%
IEAR(r = 0.6107) . X — K IG 0CTHEAR T & T P55 52 55 XU S I A AR 58— 20, it BEAR PR A v] e 2 5
55 R J 1 B ARG R 2R [16] o (EARE R, B T8 R IR ARG 2 4 3 553 45 i &5 40 5088 J 90 IR 7 /K7
FhmAHIE[23], H ST B R AR 2 15 T A0 B 22 S I AT AT 108 725 11 [24], X Bk RO AR 72 5 A

4.2. FIERTFHIHRTIER

WFREEE R, RIRAL 1L-6 /K FEETHE(P<0.05), HEMARLER. Fried BRI EIEMHX. IL-6
VEE M S A% O A T, FE T AT g5 K AR R 557 175 3 FRIC B2 SRS AH DG [25] o AWt 58 A 280 SL
rigon, RHRSFEIFHIMICHE, B i@ JOE QSIS FE B L 55 3R, 1L-6 AP T m 7E R IR ] G
555 FE AR B T 20.99% M AER, SR T RIERULII AL BhAh, RIEFREM IR C )k
R R RAETR S 2597 B B3 IEAS(r> 0.3).

IL-6 & —Fh 2 AL 7, @SRRI 2 RS PR SORE FZR RLAR T RERRAS , 755 KL
il R AR OAE FH[26] . 2 WU 78 S FAESE, 1L-6 K-V I+ 5 2 NI E 9555 AWK )R B2 )
FOG . A TSR, RIS 222 IR AR F AT BE a2 AR A AR 18 PR S SRR AS (B “ R MR 27,
inflamm-aging) 5| & & Gu 1 G e R A [27] [28] (BTE B BT T I B SORERAS K HIAFAE RS, BRI 2 52 391 1)
PRI RSAS BIHERERI N, TR RE & AE BRI R A2 R [29] . 4R b, 3X— WL IE I sk % 55 55 H05 1 W [F) K
&, HH7n T CABEARE BN O I S5E T TSRS, 0 T AE 2% 2 4 T RE 0B 1) S 2N (H

SR, LZUIHHRTE tH, BRAC ARG “Hr 7 R AR G S, IR TR W T A R Y
A RERMOEES “RIRSEUMAED TR, SEmnEEss” X —H R 2es, ARl
THAR B TV HE R A 55 50 R e g

4.3. RIS EFERETHERNG

2R B 2L 1) 21 240 P T 250 B L 20 2 KT 2 35 FAIR(P < 0.05), HIMALHE A5 Fried ¥4 2 HAHK(r =
—0.520") . FEHARLN AT, Hb ACF BRI R PR R 1 33.33% KA, SR 3T M alE 7R A R
AR RIR S RS 0 R I E ML 2 — BAERT LR W], RN SR E VIS, Al agifid 414U A fE &
BERIRA, MR DI REREIR[29]. Fsk I, B8 NKIFEFIAE S SUMAEAE RN BB, o2 — A 3EE
SRR KA AR BAh, ACHIBERR AN T RE M BRACS A 2L A i, TN 3T
IMARBE[30], FERREESS - T - RIRAIAH B &R .

HM=EEE R R R B3, HEZHEBEMB AR, Fon e geg il A & b [31].
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5. HiRBMRESRKSE
5.1. BRH#EHTSEENETHEARHRYE

MW BT ToVE I e R IR 5 3 59 2 R R SR G &R, S ) PRI P REMEAT SRAFTE[30] . =38 Z IR IR &
IR AT RER R H XA, XA BT EA 1 A iE I i 5k M 0 R PR . FRATEAR R M
4 8] 53 B RO 52 B — AN AR B G uE A 2 I (RORS 1 RS AR A A A %A L (OR = 22,19, 95% ClI:
1.57~314.07). ZHBE 5+ OR [HMH 98 BAS X MR RARE, TAEARKRFEARE T P IAE

5.2. HARRMSISH 5 KiBRE

SR T A% BN HEBR AR 1 LA FSOROT [R)5T PR 18 P SR R AR 2, (H BB 1 S PR AR P e %
FAAE . RIRE — AR o B SR ARG, W REAF 7E 2 A AR 2R (B, P A P 2 O R I (1) 45 7
PEECA PRI SE), IX LR AT RERA AN F B A AR AE[32] . FRATTE) —0E > REAR IR SE T, (7T
RERBETE MR AN ZFENE, BATIABLAT BE fd HI T BA SRR AN ZE 55 RF AL R 45 € Z 4 IR

53. RMEEZENRERER

RAEBATHEE T U RBINRARF R, (ERIEBER EIRA I BV RRAAAE . A TR R G IPAG
FROBRIZR 451 7 O ALY 8 (3 3o 22 5 IR PR B R 0 12 PO BRI PP IR 459) - TR ) 249 (80 Y 5080 (s
SERITTIMARZ . HEIRZE) . RSHf AR TS ST LU B B, T A [ A 2 i) 2 BRI i i 7 [ A6 b 2
Pa(tr 1IL-6+ Hb), AT AT RETR i BTV 52 2 (K G HK[33]

5.4. MIET REKNERM

e & TR A A E SRR . MMSE (8 S8 #RS B EE AN 2 i E T A,
PR E W AR (AT T BE . TARIEIZ) B Z BUSE, 17X LA I SRR T O RE ), HAERIRAE
SZA5[34] [35] 0 IXAR PTREMERE 7 HAE BN R A0 Hr b 2 B 7E 2 A h AN B S A — B . sk, 96
85 55 22 78 (Fried Frailty Phenotype) R 36 UE T 2 H, (HE & — MR, mRERAE S
TR R HRAH 1 32 55 O B AL S 4

55. N OTHEHELAEEE

JEBAT A 73 W7 7 1L-6 MUALZEER R 25 (RN, (HAAZE R R, B A o 7 22
KIFEARA REPAF LW G RAE, FiRR TIN5 10 B 2% (R Bl BR 1 5 [36] [37]
ASHIEFE IR AS B BROR AL DAREAT S B A AL R EE A A [l 70 A, (ELRT RERR M) 1 o RONEf T ARSI, DA
ARSI S /N ((H A e 2 22) B A RO A RRE o AL, I8 R o 20 i 45 SR SE AR AL D 5 A AL e B ) 4
P, HAEVE R EAEARKE KA @i F 1R TH S W 7L P A5 2t — 2D UG HE .

6. &t

B AR RO FAUESE T2 AR 8 IR RIS 3 55 L A AF iR R . Ho e M STk AE TR
B, L Fried FRIEAL PSSR RVERIRM — 3R K HMSZ a2, 5 R BURIRAIE 5 He 2 25 5
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