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ABSTRACT

Objective:

This study explores the cardiovascular health (CVH) development trajectory of elderly patients with
multimorbidity in a certain division of the Xinjiang Production and Construction Corps (referred to as
Xinjiang Corps) based on the Life's Essential 8 (LE8) score, and examines the association between this
trajectory and the risk of death. A dynamic prediction model for death risk applicable to this population is
constructed to provide scientific basis for the precise prevention and control of chronic diseases in border
areas.

Methods:

The data are derived from a community-based cohort of hypertensive and diabetic patients in a certain
division of the Xinjiang Military Region. This study utilized baseline data from 2016-2017 and follow-up
data from 2018, 2019, 2021, 2024, and 2025. After excluding individuals with a baseline age of less than 60
years, those with only one chronic disease, or those with less than two follow-up and national health
check-up visits, a total of 924 elderly patients with multimorbidity were finally included. The Group-Based
Trajectory Model (GBTM) was used to identify the development trajectories of the LES score; the
Kaplan-Meier survival curve and Cox proportional hazards model were used to analyze the association
between different trajectory groups and the risk of death; generalized estimating equations (GEE) and
adaptive LASSO regression were used to screen dynamic predictors; a dynamic prediction model for
mortality risk was constructed using GEE and generalized linear mixed models (GLMM), and the model
performance was evaluated using precision, accuracy, F1 score, Kappa coefficient, and the area under the
ROC curve.

Results:

1. The average age of the research subjects was 73.58 = 5.61 years, with 62.23% being female. The
total score of LE8 was 63.87 + 10.17 points, among which the score for blood pressure was the lowest at
24.44 + 22.76 points, followed by the score for blood sugar at 52.94 + 33.75 points and the score for
physical activity at 55.85 £ 24.88 points.

2. GBTM identified three cardiovascular health development trajectories: the low-level CVH
improvement group (7.90%), the moderate CVH maintenance group (48.16%), and the high-level CVH
fluctuation group (43.94%). The low-level CVH improvement group had the lowest baseline score (47.11

points) but showed a continuous improvement trend. The moderate CVH maintenance group remained



stable at a moderate level (58.81 points) over the years. The high-level CVH fluctuation group had the
highest baseline score (82.43 points) and maintained a high level over the long term. Multivariate logistic
regression showed that compared with the high-level CVH fluctuation group, the independent risk factors
for the low-level CVH improvement group included living in the suburbs (OR = 0.16, 95% CI: 0.06 - 0.47),
having more comorbidities (OR = 1.64, 95% CI: 1.36 - 1.97), having more hospitalizations (OR = 1.40,
95% CI: 1.04 - 1.90), and having a lower health utility value (OR = 0.10, 95% CI: 0.02 - 0.60); the
independent influencing factors for the moderate CVH maintenance group included living in the suburbs
(OR = 0.20, 95% CI: 0.13 - 0.32), having fewer household members (OR = 0.85, 95% CI: 0.76 - 0.98),
having more comorbidities (OR = 1.55, 95% CI: 1.37 - 1.75), and having a lower health utility value (OR =
0.15, 95% CI: 0.05 - 0.46).

3. Kaplan-Meier survival analysis showed that at the 8-year follow-up, the survival probability was
highest in the high-level CVH fluctuation group (82.51%), followed by the moderate CVH maintenance
group (77.53%), and lowest in the low-level CVH improvement group (72.60%), with a Log-rank test P =
0.028. Cox proportional hazards model showed that compared with the low-level CVH improvement group,
after adjusting for covariates, the moderate CVH maintenance group had a 21% lower risk of death (HR =
0.79, 95% CI: 0.70 - 0.89), and the high-level CVH fluctuation group had a 32% lower risk of death (HR =
0.68, 95% CI: 0.51 - 0.91), and the differences were statistically significant.

4. Based on the results of adaptive LASSO screening and single and multi-factor GEE models, the
dynamic predictors of mortality risk include dietary score, physical activity score, tobacco exposure score,
sleep health score, lipid score, blood glucose score, blood pressure score, frequency of physical
examination, emergency visit frequency, age, gender, alcohol consumption, and follow-up years. The
multivariate GEE analysis shows that the above LE8 component scores and frequency of physical
examination are dynamic protective factors for mortality risk, while age and alcohol consumption are
dynamic risk factors; the BMI score did not enter the final model.

5. The GEE population model shows that the interaction terms of LE8 score components (diet,
physical activity, smoking, sleep, and blood glucose score) with follow-up years are positive (protective
effect decays over time), and the interaction terms of lipid and blood pressure scores with follow-up years
are negative (protective effect strengthens over time). Subgroup GEE analysis reveals the heterogeneity of
population effect patterns in different trajectories: in the low-level CVH improvement group, almost all
LE8 components are significantly significant, and the protective effect of lipid over time strengthens; in the
moderate CVH maintenance group, the protective effects of most health behaviors weaken over time, but
the protective effect of blood glucose strengthens; in the high-level CVH fluctuation group, only lipid,
blood glucose, frequency of physical examination, and females are significant. The GLMM model verified

these findings. Model performance evaluation shows that in the total population, the AUC of the GEE



model is 0.852, and that of the GLMM is 0.811; in the moderate CVH maintenance group, the AUC of the
GLMM reaches 0.910, and that of the high-level CVH fluctuation group reaches 0.989.
Conclusion:

1. The total score of LES for elderly patients with multimorbidity in Xinjiang Corps is relatively low.
Blood pressure, blood sugar, and physical activity are the main contributing factors to the low level of
CVH.

2. The development trajectory based on the LE8 score is an independent predictor of mortality risk for
elderly patients with multimorbidity. The moderate CVH maintenance group and the high-level CVH
fluctuation group are associated with a lower mortality risk.

3. The dietary, physical activity, sleep, lipid, blood sugar, and blood pressure scores in the LE8 score
are dynamic predictors for reducing the mortality risk of elderly patients with multimorbidity.

4. The application scenarios of the dynamic risk prediction model vary: The GEE model has stronger
predictive performance in the total population. The GLMM has stronger predictive performance in the
moderate CVH maintenance group and the high-level CVH fluctuation group.

Keywords: Geriatric multimorbidity; Life's Essential 8; Mortality Risk; Dynamic Prediction; Cohort study



T ettt ettt ettt ettt I
ABSTRACT ..o e s eees e 11
TESLIGEMETI oot s s na s n s neees IX
1= OO 1
L1 T T T T oo 1
111 L9 2 SEIEE R Z AT R v 1

1.1.2 0 IR {2 TN 05 S U T R I B LRI 2R s 1

1.1.3 A JVEZR P T A 3 AR 0O LA AR 2

1.1.4 A= di J\EL R VP55 10 9822 A7 23 8838 0 1T RS 3l 2 Tl fy ol 47 2.3

1.2 B PIAMIEFEIIR oot 4
1.2.1 FETAdr \NE R 1O MRS 0T RS TR .o 4

1.2.2 oy 8 HE T XU TR LA FEIAR oo 5

1.3 BT H A BZIE S oo 6
131 B TT B o 6

1.3.2 BIFFUIE S oo 6

133 BT A2 oo 7

2 T ettt 8
2.1 BFFFTRT G oo 8
2.2 BIHEULIE oo 9
221 FEERBHEULIE ..o 9

222 BEVTEEIEE oo 9

2.3 AR B T oo 10
231 JEIB et 10

232 AR VIR IEID oo 10

23,3 BT e 11
234 AB I oo 12

2.4 FEIUTIEFTE oo 13
2.4.1 HIEHUIRETL e 13

242 LASSO JHIT oot 14

2.4.3 THBEIERETY e 15

Vi



2 R T R T G T oo een s rnaen 17

2.5.1 TR TTIAE LR L (ooooooeeeeeee e 17
2.5.2 TR I I A TEAN oo 17
2.5.4 THBCFIRE TR PEBEITAN oo 17
2.6 BT T e 18
2.7 THEEFER oot 19
270 VBT oo 19
2.7.2 THETET oot 19
2.7 3 B T et 20
2.8 FEARIELE .. oo 21
R e, 22
3.1 BFFRNBEFELRATFAETIR oo 22
3.0 EFAEMNERED T HBIZELRRFE oo, 22
3.1.2 ANRAEAFLE R NTERE LRI HIRFAE oo 23
3.2 FTFAMNERIEDTIRIBHIIE oo 25
3.2.1 BT A NEE RV IR JEETEIIA oo 25
3.2.2 AR NEZRIF BB AL oo, 26
3.2.3 AR /NZRIFFIBHBTEEIIR ZR oo, 28
3.3 ANEAA N E R PBH ST RS I R I HT oo, 30
3.4 FET Ay NP5 AT XSS 2 TINASE A Tt DA 1 2 B e 32
3.4.1 BT )\ R T A Sh A A R A IR AL ... 32
3.4.2 BT A fw J\EZ VS 0T KRS B2 TS A Tt B 1 9k ....... 33
3.5 FET A NE R4 0T S B T A S5 UPA e, 37
3.5.0 7 ST ARSI TR e 37
3.52 7 XM G AT ENZS TIMBEL T e, 43
3.5.3 ANEITTIAETLPE BE ELIL oo 47
T ettt ettt st s et n e 49
4.1 Ik HE R AR T IE S d A A dr N E R B R EE R & 49
4.2 12V S SO 2 IR Bh A= iy )\ BE R VP P A R B R 2% .. 50
4.3 FEF A )\ BRI R PR FE T KR A ST TN ..o 51
4.4 Ham \NERAD VRGBS HA BN RIFVER s 51
4.5 FET RS S S TR TLAE ZYEPE FATAEZE T oo 53
4.5.1 F TR 5~ B AR RO IR TV oo, 53
4.5.2 ANEVHZE NV ZH TR PR FAEAEZE TR oo, 53

Vil



4.5.3 SET- BB A TR 3G 3 FANF oo 54

4.6 BUHTEFIRIPRIE oot 55
B.6.1 BUBTTE .o 55

B.6.2 JRIBRME <o oooeeeeeeeeeeeeeeee s 56

S T ettt ettt 57
IR oottt 58
SCHRZFIER ..o 67
B3I ettt 77
BB oottt 82
FEZETRTAY oo 83
SEITTEBEZR oot 84

VI



L HEHE A

RXHEE B AR B LR
AIC Akailke Information Criterion AR ST
AUC Area Under Curve S E TAERHIE 2 R TR
Avepp Average Posterior Probability 115 ) B
BIC Beyesian Information Criterion U SR
BMI Body Mass Index (ENEEE 1
CVH Cardiovascular Health DOy 07 S
CMM Cardiometabolic Multimorbidity Ao I AR U A 5
DBP Diastolic Blood Pressure # K
FPG Fasting Blood Glucose 73 I I b
GEE Generalized Estimating Equations ISR

GLMM Generalized Linear Mixed Models ]I A A
GBTM Group-based Trajectory Modelling Y IR AR
HbAlc Glycosylated Hemoglobin, Type A1C FEAL 2L 2

HRQOL Health Related Quality Of Life {8 R AH O A= i o &
LES Life's Essential 8 At \E R
QIC Quasi-likelihood Independence Criterion THEACL SRt ST o T
QOL Quality Of Life A i
SBP Systolic Blood Pressure e &

VAS Visual Analogue Scale BE AU 3R




BAFRFHREFMIL

Z
illls

=
il

1.1 fAIRE=

111 PR 2 SLI R Z R L aYFTBE

Bt T 5 N D SR IR Z e A2, 22l A COON - B KA T e (A = R e 501,
Rz At, B RG240 I D REARE IR, CRoy e B NI 2 e A Bk
IS R H AR AR L R 2 S 2 e AL T I o 1 22 R A, HL e e S A e R 2% (14
oz — R ILWBL IO, W H e SONIE— BE R N AT PR R DL B e AR AR G
VEBR, NI R, BiE R, 2Bk 33 MEEERK 50%LL B g AN
REBA SR, e [ Z SRR T SR R ROy 57.34%, 60 % K UL 2SRRI
IR T 5%,

o Rt BkioE &, REtEmT. B, MR, ORI
BN 7 AR NI R BE AR FE S BEAIBE T KU S, 22 Mopi R AZ B, 2 B2,
9T HbR T REAFAE P, B0 E B IR BIUE KO, R A O™ B FHEZHE N
A B D0, b SIS B L BRI, R, BT AR AR E, R
FIEE HERANSZ T 2R, BT MeaEMGT, SEETIRGIRE . ANE
HEEMEPEM . XAMGGER EEMA. 2 82457 R IR RN F AR 2%,
SEHEIN T ERIEPEO IR SEgeih, R B R BT SO R R R R R
B, AN FEMBEST REEE R 0K TUTEREP EM. Ka, Eita)zm, 3t
WS ERIRREMIKREL, I 7 Z2FENDWES 522 5, 8 7 KPR H
Ry X2 FRE MRS  R AT 3 A R TR s 16,

L12 DINERREMNEREER T XNENEZRESE

EHIFAZ R E M 2%, O I @ (Cardiovascular Health, CVH) H¥& 7% 0o
ArU7 181, O M, AFER O 03 AR SRS, AR B i L
B —, FHEESHRRP S SRR . B e 5 2 Pl
TR, T H, TR RS LU UVEBIRAE A2 K, FRAR KO S8 FER A 2 HIRE 22
FhigtEm e . PR AR T AL A AR T s K ORI R 2R [z, A R B0 Mg g
FRERBE I 2 SRTEOR I3 7 R 1 S o HAZOALEIE T, O I RGAE A & RE A



R BAFRFHREFMIL

Rty HAERORDLERRRGE 18 TRVE FRYI R 1A & A 2 B AL ARSI ReR . AR
IRPVAIERRAE /I, 2 ESH N, BMEEE 7R MR O PR B R S HAR
R, L @R ORIk, AR, mhE (SRS |
OIS FHIANTIRE, IR RRA JI R4 RIAE TR S SE T T A 5-122- 230, i, 7
BAZMERERNZFENT, G3F0EmsdEH A ER &L, HAET KT E T
T I ) R ) 0 R 4,

SR, AT BRI i R VP 22 AR T BN A bR B (i e T IR R AR
HANEEEE B BIR ST (W S B O ) Pl IX RN AL 1 DA 5 200 DL 4
T R S A A e B0 T E R RS AR P IT AR IO B, B TEI00RS A 221 i HL A 22 FR
AR TS . Ik, TE-RELRE . R, RENE BT T T A ey I R TR
TH, KRR ZOBERE, i ML I R 73 2 AT S AR 4E 201,

1.1.3 £ /\EZES =0 HREEN O MEREER

NTHEREE. RGPS AR NFEO IR, EEOIE S ERE T “HAE
O MR B “ gt dy-BIi” (Life's Simple 7, LS7)AIEE ¥ 5 “ A=y J\E &K (Life's
Essential 8, LES)” HEZR127-281, ix —AHEZL ¥ CVH BALE SUNTE \AMHZ o4k B () 454 T P :
VUAMNEREAT A GRS AR J03E30. Je vl T & 87 HEIR{E R FPUAMERE R R (R Ta 4L
MAR M. D o REAYEEEESCA RN, TR A EAR R 22 = AN SR
K—THRRBET, e MERRERE XM “RAOMEERR” FERRE, A2
NRRRIE 3K — R B AT 038 (R R AR R IB AR IR B A e A2 28290,

XTI EET S, LES ME NS TR B AR A FE R0, 5%, B RAF
R ERLZREMES REMERL 320, L B B EOR 8B O A AT, T LES P854 4L T —A
BEMERTEAEHEZE . E s 7 AENE T ACEHEAR A AR BRAE AR, ARAE 4 T Hb Al PRS2 A O
MAEEERE [R5 22 Mg P i e I 3L R XS R 38 (AN IR . =38 3))
REJE. s s B2 —RGPAL, BRI A4 () B A Be AT S A B0 RS i 44T
R, Bk, e BEAEMSEEME. BANERIA HEN R, R
AR TET LABEIE D FN432% (4N 0-100 43 ) CVH $F4) B3, 3R A8 455 FLps £ 0 I 5 {e
FRARDUBEAT K1 B BB VP AL 5 HHRE U AN B2 Wl sl vl B4, B AR A 7238 mT LA M
HE BB E TS, H LE8 &7y sidE M SS A1 0 B2 15 2 aE B, =, TR
W CRIEENE”, BEEREAT TR A . SRR RS . BRI R AR, LE H4
K282 T DLid e AR v 77 ST TR 254036 97 >R G B XA R T TR AL 1 B A
ZYEFEATENTR RS BN, X T — LA B A B RO AN DG 2 S R, TR EARA
I ALFE AR ] CIUBEEE R, I8 AT AR HE @ I&E A SR (AR 7115 3 7 SR 8 6 31
KF (BIRENEZRD , UAGHIEFRIERMREES N IREEZR) , NS

fl

2



R BAFRFHREFMIL

T, fJa, ©RA RERBIAEL. KEPFUIEN, LES iF/r 5B R, Ll
IR RIR S PR RS iR U S5 2 3 D) DU SR B2, AR N, 4y idR
Tt LE8 $Fo1, mI e M RIMEAE 2 Ao A7 BTG O R, tBAESRAS A B B A7 ST A S 4
FIZhREIRZSE,

114 £a4/\ERITH ZDEZFHHREFE R TNE ST ATITLA

R FEZ A BRI Hbr, AMCRERAE KL, ERAEKARRN . A0,
TR R R AEMNAF a5, R “A@ I ar 7 351, SR, Ay BN B =
LR PARSS RE A IR A BEIEAZ BRI X CELAR T IR b XA o P 3 R R TE IR 1361,
SR B IR Rk A AL SWIEIR . BRI AL B RR sk
7390, fLgify . AT RSB PP CnERUOMZ N PP A5 KU 2 S
XAEAE ST AL, AECLSCHL R TSR T, 2 8088 & 5L U™ EIF AOE Bk
REJE A s, T E R 1 N RN A5

FEMETTFCN, 25T LES £ G 10 bm 1030 45 RS T AL 2 Fre B o) JEL R PR s 0 R s s
fH o BRI F AL GER)— RPEPHl, 2 T A S PR B I T A% AN By 53T 1) 22
2 s (AR E R NE R LES $Rbr. BWIRERA . AT ILAE) , @i sEit
G B 2 2] Sk, i IRB PN AR A AR E AN R4 R (4 RIBETE
OILEHAE RAED KU R 0421, RISt s [a] Wy 1 e B BT OO0 eV (i R
.,

BraEA e (BUTR kg sie B A0 T E P AbIX, A&$HE B P 1
BRROATT, et B R 2 ONE E RKBORIRST P IEA ISR P K R E A, A
B ANSCALRS /U5 T 58 SE 4R R B R DI i IRAFAE — € AR L N 22 5790, B sl 4 /R
AR DRk aE A DS AR TR, BrsEicl] 60 £ LLE NGy 12.78%, S AM
M 123 TN, ZRWEE S THEEEGX (11.28%) U1, K, EmHiEiclZE
SO NBERI TR A i, BER A (@ REE R RS B br, SXONILER R o fee . (et
RIERAGEE W pehh, ikitie. . Bl EFZERN @S], Frafle By 1%
A G AN TR BR AR 61, X Rh A 22 AT B TR THARAS 2 58 N I it e i 2
AR M o AE R H T 508 S A ) A 5 3 [ b BRI Re Rk, DA S 6 2 B AF X ¥
G TAESAT AN RIS R 2, K2 P AR A B o HANFS R A, s LA R EAR
BERBRSY DA oK, PAMRST W] Rk Ar i 7. LES £tk nI A0 il & 1)
R, AT oRah Itz BAARST R, AT OIS BT 35 B AR A B AR fi R KT

R BT 5 T AT 1 i BN b T e T LES HCo ML (AT AL 1 JRURS: 51 25 T3
WEFT, BN S AF b M AL R Zh A MAE T XU, D9 e (i FE Y1 A7 i AN S B Ak B 22 i
WAR ML B4R T o (2 H BT FC 2 B R OQTE LES PEor S AU T MR I s as Rk, Sz 2

fl

3


https://baike.baidu.com/item/%E8%A5%BF%E5%8C%97%E5%9C%B0%E5%8C%BA/72779?fromModule=lemma_inlink

