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Abstract: For individual health examination data, the traditional mathematical model based on large
samples can not meet the modeling requirements of physical examination data. Based on the analysis of
the characteristics of individual physical examination data, an improved discrete grey model of
approximately non-homogeneous index series suitable for individual physical examination indicator
health warning was first constructed. Secondly, in order to reduce the limitation of the prediction
accuracy of a single model, the inverse variance method was used to assign weights to the discrete grey
model and the differential autoregressive moving average model, and the best weight value was obtained
when the sum of squares of the model errors reached the minimum. Thus, the prediction results of the
two models were combined to achieve the modeling and trend analysis of health indicators, timely grasp
the changes of individual health indicators and discover potential disease hazards. The relative
simulation error of the prediction model on the experimental data set decreases in comparison with the
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optimal benchmark model, which indicates that the grey time series combination model has higher

simulation accuracy. The shortcomings of traditional static analysis based on single physical

examination indicators and the limitations of single model prediction results are solved. Individual

differences are emphasized, and the effect of health warning can be effectively improved.

Keywords: grey time series combination model; physical examination index; discrete grey model;

differential autoregressive integrated moving average model; health warning
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Tab.2 Fasting blood glucose physical examination data of 4
examines from 2005 to 2014

25 I S AT /(mmol-L )

ARy
X1(27%) X2(35%) X3(45%) X4(56%)
2005 4.26 4.04 5.09 5.47
2006 4.53 436 5.03 534
2007 4.59 4.47 4.94 543
2008 4.48 4.64 573 573
2009 4.52 4.72 5.03 5.37
2010 4.63 4.69 5.36 5.14
2011 4.41 4.89 4.78 5.59
2012 4.72 478 4.92 5.51
2013 4.62 4.99 5.62 5.92
2014 4.63 5.16 578 5.49

3.2.1 ARIMA(2,2,1) A5 15 Fi
SIS A3 6 4 24 KA 3 a3 IR IR s TR] R 4]

S AH Y B ARIMA F500 58 8 o 3] 40 45 2 (R K &
(g i 18] 5 R GR F 81 X© = (O),x ), -
x9(10)) = (5.69,5.03,---,5.78)A] %1, J5 Uk JF 1) & —
AR P E), BT 25 0 A B AL AL R T
FaFy), AR A Eviews B, X 4G 5
E1T ADF /25, ADF Kb el 1 i, ik
WY B 228, A E 4 X {E /N T ADF
Kge gt 4a Xt (e, H p {f4 0.0090, /MF 0.05,
VLI P81 2 AL R AR RS R P 3, ) ARIMA 45
AU 22 70 I B d = 2

t-statistic ~ Prob.”

Augmented dickey-fuller test statistic —4.901 545 0.009 0
Test critical values: 1% level —4.803 492

5% level —3.403 313

10% level —2.841 819

1 ADF &3
Fig.1 ADF inspection

e, MRARLHE T, o AL ACF A1
PACF., F|H Eviews # {4 Correlogram #H 3¢ [&] # F&
J¥ 31— 2243 (1) ACF #1 PACF {8, #5£I4n& 2 fr
7N A FHOCE

Autocorrelation Partial correlation

ACF PACF Q-stat Prob

=== =)

I

—alln

I
I
!
|
|
|
I

il _fl

=
-

1 0580 0.580 84701 0.004
2 -0.036 —0.563 8.5052 0.014
3 -0.450 —0.199 14.126 0 0.003
4 -0.644 —0.426 26.3040 0.000
5-0.413 0.146 31.5970 0.000
6 0.025 —0.074 31.6180 0.000
7 0214 —0.317 33.2320 0.000
8 0.198 —-0.169 34.716 0 0.000

2 FIIMBRXRMMEBREXEY

Fig.2 Autocorrelation coefficient and partial autocorrelation coefficient of sequence

1l 2 mT L, BsFR] P8 Y B A5G R B ACF 78
1B AR, I H AHOC R PACF 7E 2 B il -
I, FEE ARIMA(2,2,1) B X 25 I B A 7 1)
AT . Z )5, 7E Eviews 8 hghiT A, R
H 51 363 %) ARIMA 7 #2 #4752 X . data ¢ ar(1)
ar(2) ma(l), M4 E LJF MBI E] ARIMA(2,2,1)
R BRI ik =k

X(#) =0.100 054 + 1.577 592X,_1 — 0.886 659X,_»+
0.799 962 1a;—1 + & (21)

XFF 27, 35, 57 ZARKE MBEF A, [FRER
FH Eviews # {4 # 57 e I 1) ARIMA #5254 | 15 5]
27 % PR K 3 M B R TR] 5 1 AR AR Ry
ARIMA(2,1,1), 35 % %I i 155 &1 2y ARIMA(3,1,2),
57 % XA ARIMA(3,2,2),

3.2.2 NDGM(1,1) HE A1 53]
[FIAE I, X 4 A ] )3 51 7 % 1 GM(,

1) 455250 185 B €546 8 NDGM(1,1). LAEE 2 fif s
() 45 2 PARG 255 1 B 5080 S LR 48] - A T AT
AT AR K 25 I 48 bR IR 5R 8 O x© =
*O(1),x9),---, x0(10)) = (5.09,5.03,---,5.78),
FH python FGH5 & 37 351 x O ) GM(1,1) B, 15 %)
BRI B % a = —0.01026, b=4.946395, N T 250
MBS AR TI ) GM(1,1) A5 RY e s 1] mig )3 2 3R 2k
{ M) =5.69

(22)
AWk + 1) = 487.794 8e001026k _ 482 104 8

#E— 2 %R AL G 19 NDGM(L DB (1 2 8 a,
B, ¥Ra, b, cHFTZEAGT, TR EAREEAELS



278 o B TR 2 2 R

2023 4F 5 45 4%

B, 4=0.1286, 3=4.5564, $=5.3875, a=2.0507,
b=10.7234, ¢=5.6018, 73%] NDGM(1,1) %%
£0() =0.279 1(1 = *9307)e=20507G=-1 L 52291 (23)
[ AT A . 27 % R K & B9 GM(1,1) 455 Y Al
NDGM(1,1) #52 A8 & 35 =043 0 an = (24) F1(25) fir
N 35 BEK I GM(1,1) BRI NDGM(1,1) A
IR R (26) F(27) fios s 57 SRR &
1 GM(1,1) B 7 F1 NDGM(1,1) A5 79 3 34 =X 43 531 4l
K (28) F1(29) FizR o
DUk +1)=1206.11e"97*_1201.85  (24)

£9(1)=0.482 6(1 — %249 6)e0-2496(-D 1 4 65789 (25)

FD(k+1) =238.468 8e"0183 _234.429  (26)

£91) = 0.420 6(1 — ¢70108)0-108¢-1) L 39389 (27)

Dk +1)=953.8109¢%00562%k _948341  (28)

£9(1) =0.5370(1 —e09433)g094550-D 1 54571 (29)
3.2.3 JREOHEFHIA AR NDGM-ARIMA il
B 44> T RS B ARIMA(2,2,1), GM(1,1),
NDGM(1,1) I NDGM-ARIMA 4 4 & %1 43 5] %
4 B ARKH 2005—2014 4F23 i I W AKG T 51 1t 47
T, 2B 45 2 (AR 2 IR (%) 70 245 SR an
F3PR, 4 2K 0 (R T 25 S an K] 3 BT
o FIFHECC19) MACE RBOT 70w H A1
IR R0, 15 20HEXT 45 % (KA & k47wl
i, NDGM(1,1) #i5 F1 ARIMA(2,2,1) #4555 fif) 4 &

2B 0.6286, 03714,

*3 ZHEMEERHERNSER
Tab.3 Model fitting results of fasting blood glucose index

ARIMA(2, 2, )5 %] GM(1, 17 NDGM(1, )&% NDGM-ARIMAZ#I
Ay 25 I
FE AR R FE AHRT 22 FiE AR 22 SiTHIULIER AR R

2006 5.03 4.83 0.0398 5.03 0.000 1 4.99 0.0088 5.00 0.0060
2007 4.94 5.01 0.0142 5.08 0.0288 5.10 0.0324 5.06 0.0243
2008 5.73 5.22 0.0890 5.13 0.1039 5.18 0.0960 5.21 0.0908
2009 5.03 5.28 0.0497 5.19 0.0314 5.20 0.0338 5.38 0.0696
2010 5.36 5.34 0.0037 5.24 0.0221 5.26 0.0187 5.27 0.0168
2011 478 5.40 0.1297 5.30 0.1078 5.31 0.1109 5.35 0.1192
2012 492 5.52 0.1220 5.35 0.0874 5.52 0.1220 5.40 0.0976
2013 5.62 573 0.0196 5.41 0.0382 573 0.0196 5.64 0.0036
2014 5.78 5.97 0.0329 5.46 0.0552 5.88 0.0173 5.80 0.0052

HITE] 3 BTN 1) 4 44 ARG 10 Tt 4 2R ph 4 52
PR 2 %) L3 BT TR, 38300 T 35 2 R #
(1% 2 I8 4 o T 45 SR O Al 2 X HE AT o e £
o XA AR AR B R v, IR W
PR AR MBS b1 -5 B AR A A 1 15 b BB A
ZER . W TAFAES MO G 2 T B P AR KR
B B AN B R0 22 BE RO, A R Y A 5% 25
R, DTS BCHUMPRG BT e (H, itk —2
Oy BT 35 8 VARG 3 43 i W A AR TN AR AT L R B
Y S ) 2L A TR g e I ASE 2R 2% ] ) I
2N TRl 25 PO A B 7R Ay 3 M AE I
B A A G 19 M L 48 5 b 8 B 0 SR
DL 1 2 B R X T 248 DR 2 B R A K T 2
AR, LRI T 2 G AR S 2 SR Y S

BT (I

PE—25XF 45 2 (R 3 154 b 100 2L A U(E
HEAT AT . 5L GM(1,1) BB 1, B
JR BRI NDGM(1,1) 78 5250 77 41 F 46 (8 B4R
FETE R A> TG 22 T GM(1,1) B AL, {E 2 AT
B[ SF- X AR 225K, NDGM(1,1) A5 78 11 5
PRI 2% 4 0.0501, GM(1,1) B [ - H4AH X 15
2574 0.0528, NDGM(1,1) #5575 1) 5 25 A X 152 25 /7
T GM(1,1), X—SEg R R, HEH NDGM(1,1)
R L PR AG 45 B e 51 900 4 R 1 3 00 80 R A T
GM(1,1) FE7RY 138 BH ARG g s K £, T 000 A5 78 o 750
A A8 T — e BT,

il if NDGM-ARIMA #2%1 5 3 A~ B/ F i 45
RUGXTH, A B Y B U1 RIRE X 152 22 AR AR T
B R A8, T TS [R] P A AR K B 4 A AR TR
B 2 FH (g AR A R A i T, B LA
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52 o 52¢ »
sy | —e—suERadE  —e— ARIMAQ, 1,1) 5o | e sumEdE  —e— ARIMAG, 1,2)
T GM(1, 1) NDGM(1, 1) T GM(1, 1) NDGM(L, 1)
- 50 —+— NDGM-ARIMA 7 5.0 —+— NDGM-ARIMA
549} /./'/. 549} X
£ 48] o £ 48
@47 /-/ m 4.7
;‘55 4.6 ﬁ 4.6
— - ==
= 4.5 = 4.5
w44 5 44
Hasl a3

42 1 1 1 1 1 1 1 1 ] 42 1 1 1 1 1 1 1 1 )

2006 2007 2008 2009 2010 2011 2012 2013 2014 2006 2007 2008 2009 2010 2011 2012 2013 2014
A O
(a)27 % (b) 35 %

6.0 —e— STBRBUE —=— ARIMA(2,2,1) 6.0 - »

sol ——am(. 1) NDGM(1, 1) —e— JIRME  —=— ARIMAG, 2,2)
758 L —*— NDGM-ARIMA 2397 GM(1, 1) NDGM(, 1)
=gl of — 5.8 —*— NDGM-ARIMA \A
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= 54¢ =55l
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Fig.3 Prediction results of blood glucose indexes of 4 physical examiners

O S PR RAE B G . S 4, X AER T A
FE Y BE A% B 47 M 45 A 5 NDGM(1, 1) A5 78 AT
[P HIRE R A e 05, fE— R v IR T — T
DURCTRY 1 Jy BRI, 4 v T AR (1 T A 2

FIH NDGM-ARIMA 2 AR 45 K %
2015—2018 4F Y MBEEUE , TS5 R AN 4 s,

% 4 NDGM-ARIMA #E!%F 2015—2018 4F == g [ ¥EFR R T
&
Tab.4 NDGM-ARIMA model predicted values of fasting
blood glucose indexes from 2015 to 2018

£ MR FEI %/ (mmol - L1
2015 5.87
2016 5.94
2017 6.12
2018 6.31

B2 G M A9 1 H e B 3.6~6.1 mmol/L,
454 2015—2018 4 [ FUIEL R 73 BT iz ik f 2 B i
ROVE R INECE ] R, AR A R
25 M8 MBS TS bR 2 RS LI, fiit#)
2017 4F M BE TS PR A B K 35 3 6.12 mmol/L, E4%
e N A 25 W I T 5 (B e K (B, IR

ATRE M IR AE B, S SRR . ik,
B EE R AT LA, PR R R JLAF SO PR A
O ML B B TR A U AR R, 0T B A B HE o
AOERA . SR B M B w4 B, RO T i it
BRI I BR YT TB

4 &

e GEARAGL 1 b 73 BT AR FR T B UCH5 AR AU {EL e
A S M, 20 T DA AR 25 7 S5 B0 ARG K
Ry shAAAR e S NIt , A A RO Kot
A5 TR SR $25 VARG e 1) A TR LA, v T 00 AR A
BUE A2 AN AR R HUETE L, JF 2 T T 25
SR A A AR D S T A B, e e g AR
FEAERRAE AR IR, R R ST AE Y R TR T
s MU 3R, i — 20 SR HOA R0 B R T 1
Jith, RSB A A BB R B S R

T e A P A M A R AR 45 A A
MASERY, ISR AR ARG TR bR B A B MERE, A
SCAR > RO R (A R L N ] e 4] A5 R 45
(O 20 5 PN BE R . 8 5 0 B (ARG 4 A T 91 9
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