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A structural equation model of fall-related risk factors among the elderly in urban areas
of Shanghai ZHOU De-ding", XU Nai-ting®, GAO Ning*, SHI Yan"™?, PENG Juan-juan®, YU Yan'
(1.Division of Chronic Non-communicable Diseases and Injury, Shanghai Municipal Center for
Disease Control and Prevention, Shanghai 200336, China,; 2.National Clinical Research Center for
Aging and Medicine, Huashan Hospital, Fudan University, Shanghai 200040, China)

Abstract:

[Background] Falls occur as a result of a complex interaction of risk factors. The World
Health Organization categorizes the risk factors into four dimensions: biological, behavioral,
environmental, and socioeconomic factors.

[Objective] This study is designed to analyze the factors affecting the falls of the elderly in urban
areas and provide evidence for targeted intervention programs.

[Methods] A total of 3480 elderly participants from 7 urban areas of Shanghai were surveyed
by questionnaires, tested for gait and balance function, and evaluated for home environment.
A structural equation model was developed to examine the relationships between independent
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variables (biological, socioeconomic, behavioral, and home environmental factors) and dependent variable (falls). The latent variables
of falls were indicated by manifest variables including number of falls, number of injuries, days of hospitalization, and days of rest; the
latent variables of biological factors were indicated by manifest variables including osteoporosis risk score, timed up and go test (TUG)
time, physical risk assessment score, age, and gender; the latent variables of socioeconomic factors were indicated by manifest variables
including whether living alone and education.

[Results] Of the 3385 subjects who completed the questionnaire survey, 13.06% fell in the past year. The rates of falls were significantly
higher in women (x’=25.83, P<0.05), the 70- years and 80- years age groups (x’=52.27, P<0.05), those with elementary school or less
education (¥>=10.05, P<0.05), and those with no cohabitant (x*=3.98, P<0.05). The elderly participants who fell had higher physical risk score
(Z=12.51, P<0.05), TUG time (Z=9.29, P<0.05), osteoporosis risk score (Z=8.46, P<0.05), behavioral factor score (Z=4.91, P<0.05), and home
environmental factors score (Z=4.66, P<0.05) than those who did not fall. The structural equation model showed that the standardized
regression coefficients (8) of the biological factors, behavioral factors, and home environmental factors were 0.564 (P<0.01), 0.070 (P<
0.01), and 0.083 (P<0.01), respectively, and the regression coefficient (8) of socioeconomic factors was not statistically significant. Among
the biological factors, the regression coefficients (8) for physical risk and TUG time were 0.658 (P<0.01) and 0.477 (P<0.01) respectively,
higher than the coefficients of other manifest variables. Women were more likely to fall than men. The regression coefficient (8) of home
environmental factors of falls in female elderly people was 0.111 (P<0.01), and the coefficient (8) of male elderly people was not significant.

[Conclusion] Biological, behavioral, and home environmental factors may affect the falls of the elderly. Among them, biological factors are
dominant and are most closely associated with physical risk score and TUG time. The risk of falls is higher for women than for men. Home
environment as a risk factor is unique to women.

Keywords: elderly; fall; structural equation model; biological factor; behavior factor; home environmental factor; socioeconomic factor
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Table 1 Characteristics of elderly participants in urban areas of Shanghai

HRFHHIE 21K (Total) K8 (Fall)
Demographic A MR (%) ABR = (%) X P

characteristics Number Proportion Number Rate

451 (Sex) 25.83 <0.001
% (Male) 1410 41.65 135 9.57
2Z (Female) 1975 58.35 307 1554
FE (%) (Age, years) 52.27 <0.001
60~ 2024 59.79 195 9.63
70~ 969 28.63 179  18.47
80~ 392 11.58 68  17.35
X2 (Education) 10.05 0.018
INER L
Ejleiexr%tlj\—/lzschool orless 424 1253 73 17.69
z]ijzle school 1529 45.17 181  11.84
ER/ BT
High school/technical 947 27.98 122 12.88
secondary school
Zf::iitfrfbove 485 14.33 64  13.20
BEfEA (Cohabitant) 3.98 0.046
A (Yes) 3114 91.99 396 12.72
% (No) 271 8.01 46 16.97
&1t (Total) 3385 100.00 442 1306 — —
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0.5d Lk, REXRHBFAIE (M) 0d, Ps /924,
Ps /930d, SR KIREXE180d ; 12.90% FE(FBT
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Table 2 Biological, behavioral, and home environmental factor scores of elderly participants in urban areas of Shanghai

TERE 21K (Total) (n=3385) ZEEI4R (Fall) (n=442) REEILE (No-fall) (n=2943) ,
Assessment index M Pys™Pys Pys™Pys M Pys™Pys
{RBXIES (Physical risk) 0 0~1 0~3 0 0~1 12.51 <0.001
TUG BY 8] (TUG time; s) 9.82 8.47~11.69 10.76 9.34~12.76 9.67 8.38~11.48 9.29 <0.001
BRI XS (Osteoporosis risk) 0 0~1 02 0 0~1 8.46 <0.001
1T AEZE (Behavioral factor) 1 0~1 0~2 1 o~1 491 <0.001
BRIERZE (Home environmental factor) 5 3~7 3~8 5 3~7 4.66 <0.001

www.jeom.org



#4545 5J2 k&% | Journal of Environmental and Occupational Medicine | 2019, 36(8) 707

DEDRNBITERFENEG, ERETBEMHARE
B B9 $ & $8 AT x’=441.277, RMSEA=0.078, CFI=0.954,
TLI=0.935, FIEIRIMNE Rif. TEMERBMNT © B
IR %0 =0.919% BXEI & 4 [ F +0.404, BR{H/R#1=0.686x
ERE & & HF +0.294, KB R E=0.480x B El & 4 A
F +0.769, {EBr K%k =0.435x B {8l & 4 A F +0.810 ;
B R XS 9 =0.346x &£ ¥ F [A] F +0.880, TUG
BY 8] =0.559x & ¥ & (K] F +0.687, & 51 X [ 1§ 93 =

09097 —»| BFEHNE | )
Osteoporosis risk 0.301

TUGHYIE] | 0477%

0.772% —»
TUG time
0.658
0.567° HEAE | L
Physical risk 0.406° HHREF
/ Socioeconomic
0.835% —»| i 0.177b
Age
1S / FHEE
Sex 0.158° Behavioral factor
- / BRHERE
0.975% —» RFIEA 0.386° | Home environmental

Cohabitant y
factor
XIZE /

Education

0.851% —»

0.685x £ W) F A F +0.531, % =0.457x EY)FEF +
0.792 ; XAUFIEE =0.279x 1T R E A F +0.922, LEHHE
BB RBEEABREYFRFSEEELENL A
0.528, ZERBEHITFER N (P=0.01), TTHRRSHHK
BIRERBH0071, ZERBERITFEENX (P=0.04), M
HEEFRFMIBRIFERZTBREALERFNLIY
TRITFRN, GWAREENT  REALRERT =
0.528x EWJZ A F +0.071x {TAREZE +0.792, WE 2,

BREIRE 05507
No. of falls
BRI 03117
No. of fall injury
KEXRE | 0.709°
Rest days
BERRHA o ggse
Hospital days

[F]a:&E ; b tinERENARE ; c | BEENE—NWNIETFHETEIAER Lo
[Note]a: Residual error; b: Standardized regression coefficient; c: The factor loading default value of the first manifest indicator of the latent variables is 1.
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Figure 1 The structural equation model on the fall-related risk factors of elderly participants in urban areas of Shanghai

0.880°—» BTUERARG |« )
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; b
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TUG time
0.685°
LA
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Physical risk b HREF
0.457 Socioeconomic
0.792°—»| i /
Age
TARE
E Behavioral factor
0987°—»  FEA
Cohabitant 0.279°
- ERHEE
0.922% —»| AR Home environmental
Education factor

BREDREL | 0.404°
No. of falls
BfmEn le 0.294°
No. of fall injury
HERE | 0769°
Rest days
0.435°
N e . osic
Hospital days

[Fla: 5E ; b AVEKEVIRE ; c - BEENE—NWNHERHIEETIIAENRN 1.
[Note]a: Residual error; b: Standardized regression coefficient; c: The factor loading default value of the first manifest indicator of the latent variables is 1.
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Figure 2 The structural equation model on fall-related risk factors of male elderly participants in urban areas of Shanghai
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VR % =0.015% BREI & & (A F +0.428, BE{A/R#%1=0.689%
ERE & &K F +0.101, R E R E=0.486x X F & 4 A

F+0.764, {EBT R =0.423x Bk Bl & & A ¥ +0.821 ;
B RETAA X BL1F 53 =0.205x £ ¥ FFEF +0.958, TUG B
18] =0.490x 4 ¥ A F +0.760, 1A X FL1E 9 =0.581x
EY)FEF +0.662, Fid =0.463x EY)FEF +0.785
B 1F A =0.119x tt £ 2 55 & F+0.986, X W 1E E =
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0.409x T 2R KA F+0.833, EHWIEA LN ERL
MEFANBEMZFRATFSRBELENB0.726,
P=0.03 ; TTHARZREXNELE X EFFBIB90.101, P<
0.01 ; BRUHEBERAZNBRALERFHL 0111,

0.958—»| BEHIANIE |« )
Osteoporosis risk 0.205
N b .
0.760° TUGHYiE] | —0.490
TUG time
0.581°
0.662°—»| Lzl H:Agz:;z '
Physical risk b LTI
0.463°  1.000°\ socioeconomic
0.785"—»| i /
' Age 0.119°
EED e o
0.986% i
Cohabitant 0.409° Behavioral factor
BRIMERR
0833 XWEE / Home environmental
Education factor

P<0.01 ; =L FRFIHKELERFH B LEHITF
BN, EMAEERINT | BAKRERF=0.726x £
M FEF+0.101x T HE E+0.111x FERIFIEE E +
0.717, WE 3,

BREIRER | 0428
No. of falls
BRI 1o 0.101°
No. of fall injury
HEXE | 0764
Rest days
ERFSE | g
Hospital days

[Fla: 5%E ; b AVEREVIRE ; c | BEENE—NNHERIETIIAERN 1.
[Note]a: Residual error; b: Standardized regression coefficient; c: The factor loading default value of the first manifest indicator of the latent variables is 1.
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Figure 3 The structural equation model on fall-related risk factors of female elderly participants in urban areas of Shanghai
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