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[ Abstract] Objective To establish a universally applicable logistic risk prediction model for diabetes mellitus
type 2 (T2DM) in the middle-aged and elderly populations based on the results of a Meta-analysis, and to validate and
confirm the efficacy of the model using the follow-up data of medical check-ups of National Basic Public Health Service.
Methods  Cohort studies evaluating T2DM risks were identified in Chinese and English databases. The logistic model
utilized Meta-combined effect values such as the odds ratio (OR) to derive S, the partial regression coefficient, of the
logistic model. The Meta-combined incidence rate of T2DM was used to obtain the parameter « of the logistic model.
Validation of the predictive performance of the model was conducted with the follow-up data of medical checkups of
National Basic Public Health Service. The follow-up data came from a community health center in Chengdu and were
collected between 2017 and 2022 from 7602 individuals who did not have T2DM at their baseline medical checkups done
at the community health center. This community health center was located in an urban-rural fringe area with a large
population of middle-aged and elderly people. Results A total of 40 cohort studies were included and 10 items covered
in the medical checkups of National Basic Public Health Service were identified in the Meta-analysis as statistically
significant risk factors for T2DM, including age, central obesity, smoking, physical inactivity, impaired fasting glucose, a
reduced level of high-density lipoprotein cholesterol (HDL-C), hypertension, body mass index (BMI), triglyceride glucose
(TYG) index, and a family history of diabetes, with the OR values and 95% confidence interval (CI) being 1.04 (1.03, 1.05),
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1.55 (1.29, 1.88), 1.36 (1.11, 1.66), 1.26 (1.07, 1.49), 3.93 (2.94, 5.24), 1.14 (1.06, 1.23), 1.47 (1.34, 1.61), 1.11 (1.05, 1.18),
2.15 (1.75, 2.62), and 1.66 (1.55, 1.78), respectively, and the combined f values being 0.039, 0.438, 0.307, 0.231, 1.369,
0.131, 0.385, 0.104, 0.765, and 0.507, respectively. A total of 37 studies reported the incidence rate, with the combined
incidence being 0.08 (0.07, 0.09) and the parameter o being -2.442 for the logistic model. The logistic risk prediction
model constructed based on Meta-analysis was externally validated with the data of 7602 individuals who had medical
checkups and were followed up for at least once. External validation results showed that the predictive model had an area
under curve (AUC) of 0.794 (0.771, 0.816), accuracy of 74.5%, sensitivity of 71.0%, and specificity of 74.7% in the 7602

individuals. Conclusion The T2DM risk prediction model based on Meta-analysis has good predictive performance and

can be used as a practical tool for T2DM risk prediction in middle-aged and elderly populations.
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2.1

A total of 1 154 entries of literature

CNKI (n=74), WanFang Data (n=60), VIP (n=50), SinoMed (n=140),
PubMed (1n=504), Embase (n=40), Medline (n=23), and Web of Science (1=260)

R

v

Duplicates (n=209) ]

[ Screening of titles and abstracts (1=945) ]

A 4

>

Excluding 859 entries of literature:
overviews and summaries (n=3),
studies on complications (n=251),
and other research content (n=605)

[ Entire literature reading (n=386) ]

A,

A

Excluding 15 entries of literature:
object does not match (n=8),
no relative risk value (n=2),
and other research outcomes (1n=>5)

[ Records included in the meta-analysis (n=71) ]

1 XEtiFEREE

Fig 1 Process of literature selection
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Table 1 Meta analysis and heterogeneity test results of the OR values of risk factors for T2DM

Risk factor” Study number ?e/t;:ogeneny test Effect model OR (95% CI) B Oveij})l test
Age”*? 19 952 <0.001 Random  1.04(1.03,1.05)  0.039 <0.001
Hypertension” "% 152223 18 76.6 <0.001 random 147 (1.34,1.61)  0.385 <0.001
Family history of diabetes!” ' "7 1%2%28:2% 3334, 39:401 13 33.0 0.118 Fixed 1.66 (1.55,1.78)  0.507 <0.001
Central obesity!*"" %2313 411 9 97.9 <0.001 Random 1.55(1.29,1.88)  0.438 <0.001
Smoking!'h 1?1423 25.30.32.39. 421 10 89.6 <0.001 Random 136 (1.11, 1.66)  0.307 0.003
BMI 162527 4043 9 96.3 <0.001 Random  1.11(1.05,1.18) 0.104 <0.001
TYG index!'® 2> 42 44-47) 5 89.4 <0.001 Random  2.15(1.75,2.62) 0.765 <0.001
Impaired fasting glucose!" " '**"*” 4 89.0 <0.001 Random 3.93(2.94,524) 1.369 <0.001
Lack of exercise!' > 12 5 0 0.508 Fixed 126 (1.07,1.49)  0.231 0.005
Reduced HDL-C"""'" 5 212 0.276 Fixed 1.14(1.06,1.23)  0.131 0.001
2h pGlo 202 4 96.8 <0.001 Random 1.15(1.07, 1.23)  0.140 <0.001
HbA1c!* 22> 4 98.9 <0.001 Random  2.53(1.76,3.65) 0.928 <0.001
Fatty liver"***>* 4 80.4 0.002 Random  2.29(1.66,3.15) 0.829 <0.001

" Hypertension: clear diagnosis by a physician or long-term use of hypertension medication. Family history of diabetes: at least one first-degree relative

suffering from diabetes. Central obesity: waist circumference =90 cm for males and =80 cm for females. Smoking: previously or currently smoking. BMI: body

mass index. TYG index: triglyceride glucose index. Impaired fasting glucose: fasting plasma glucose (FPG) =5.6 mmol/L. Lack of exercise: no active exercise

(activities that are consciously carried out to strengthen the body according to the third edition of the National Basic Public Health Service Standards). Reduced

high density lipoprotein cholesterol (HDL-C): HDL-C<1:03 mmol/L (40 mg/dL) in men and <1.29 mmol/L (50 mg/dL) in women.

R2 7602 REBIENKEKRER

Table 2 Basic information of 7 602 subjects for model verification

Characteristic T20M Total (n=7602) P
No (n=7168) Yes (n=434)
Survival time/month 37.9+18.3 26.6+16.2 37.3+18.4 <0.001
Agelyr. 69.8+5.5 70.2%5.5 69.8+5.5 0.031
Age group
40-50 yr. 5(83.3%) 1(16.67%) 6 (0.08%)
>50-60 yr. 19 (95%) 1 (5%) 20 (0.26%)
>60-70 yr. 4269 (94.78%) 235 (5.22%) 4504 (59.23%)
>70-80 yr. 2381 (93.34%) 170 (6.66%) 2551 (33.56%)
>80 yr. 494 (94.82%) 27 (5.18%) 521 (6.85%) 0.061
TYG index 8.6%0.5 9.1+0.6 8.6+0.6 <0.001
BMI/(kg/m”) 24432 25.8+3.7 24.143.2 <0.001
Gender 0.597 2
Male 3276 (94.14%) 204 (5.86%) 3 480 (45.78%)
Female 3 892 (94.42%) 230 (5.58%) 4122 (54.22%)
Central obesity <0.001
No 3692 (96.78%) 123 (3.22%) 3815 (50.18%)
Yes 3476 (91.79%) 311 (8.21%) 3787 (49.82%)
Smoking 0.602
No 5069 (94.20%) 312 (5.80%) 5381 (70.78%)
Yes 2099 (94.51%) 122 (5.49%) 2221 (29.22%)
Lack of exercise 0.013
No 5917 (94.60%) 338 (5.40%) 6255 (82.28%)
Yes 1251 (92.87%) 96 (7.13%) 1347 (17.72%)
Impaired fasting glucose <0.001
No 5561 (97.37%) 150 (2.63%) 5711 (75.12%)
Yes 284 (15.02%) 1607 (84.98%) 1891 (24.88%)
Reduced HDL-C <0.001
No 6229 (94.67%) 351 (5.33%) 6 580 (86.56%)
Yes 939 (91.88%) 83 (8.12%) 1022 (13.44%)
Hypertension <0.001
No 5210 (95.54%) 243 (4.46%) 5453 (71.73%)
Yes 1958 (91.11%) 191 (8.89%) 2149 (28.27%)
Family history of diabetes 0.002
No 5332 (94.77%) 294 (5.23%) 5626 (74.01%)
Yes 1836 (92.91%) 140 (7.09%) 1976 (25.99%)

The abbreviations are explained in the note to Table 1.
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Table 3 Individual predictive ability and collinearity test of different risk factors for T2DM

Risk factor Predictive ability Collinearity test
AUC (95% CI) P value of VIF

Age 0.531 (0.503, 0.558) 0.016 1.039
BMI 0.654 (0.627, 0.682) <0.001 1.477
TYG index 0.723 (0.698, 0.748) <0.001 1.156
Central obesity 0.616 (0.594, 0.638) <0.001 1.425
Smoking 0.494 (0.011, 0.472) 0.301 -

Lack of exercise 0.523 (0.503, 0.543) 0.007 1.011
Impaired fasting glucose 0.715 (0.692, 0.738) <0.001 1.116
Reduced HDL-C 0.530 (0.511, 0.549) <0.001 1.032
Hypertension 0.583 (0.560, 0.607) <0.001 1.044
Family history of diabetes 0.533 (0.511, 0.556) 0.001 1.010

The abbreviations are explained in the note to Table 1.
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JRURS: T ASE B BT 0 = Lngfis = —2.442 0 4R, FIKEL.
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Meta SCHR Y 385 5 bn i 25 2 22 9 349 1H, 43531133, 191
7.8, logisticpRE XU TN A HY Hy: Logit(P)=—2.442+
0.039(4F#4-33)+0.438 L PEALE+0.23 1 = 35 Bl +
1.36925 JE MW Z 1 +0.131{KHDL-C+0.385 7 Ifil

B AT AR 5 Framingham A9 T2M D XU 75
TUREHY 3 FIHE 7 60244 He 28 TUAKS AFHE /MR EAIE, AT
KB AL AN AUC M 0.794(0.771, 0.816), 4
Framingham/%%4/10.733(0.708, 0.757) /& (F4. E2)

R4 B Rlogisticl A 5 Framingham#& B ML N 3T L 5 R

Table4 Comparison between the logistic model and the Framingham model

Model AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI) Youden index Accuracy Cutoff value
Logistic model 0.794 (0.771, 0.816) 0.710 (0.667, 0.752) 0.747 (0.737, 0.757) 0.457 0.745 0.830
Framingham model’ 0.733 (0.708, 0.757) 0.654 (0.610, 0.699) 0.777 (0.767, 0.786) 0.431 0.770 0.035

" Framingham risk prediction model includes risk factors such as age, BMI, high-density lipoprotein cholesterol (HDL-C), fasting blood glucose, triglycerides

(TG), and hypertension.

1.0
0.8}
0.830 (0.747, 0,710)
o6l 11.000 (0.777,0.654)
2
8 oaf
0.2} — Logistic model
— Framingham model
0F

0 0.2 0.4 0.6 0.8 1.0
1-Specificity

2 K ZlogisticiE A 5 Framingham#E 2 ROC B £
Fig 2 ROC curves of the logistic model and the Framingham model

The point on the curve is the location of the best cutoff value and the value

refer to cutoff value (specificity and sensitivity).
2.2.4 A5 H %0

SER L3, DL AU S Ak T (0.830) AT iz
$5(0.705) %l 53 KU ZH 531, AR o RURS 2 454573 805\
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§ + High risk group " o
#
L G-
5 20 Log-rank P<0.000 1 4;?'%
E e
T
=
] 10 |
k=
=
g
O 0t

t/month

Number at risk

Low risk 3805 3800 2857 23941772 1363 1085
Middle risk }1 668 1664 1291 1061 829 665 526
High risk [2129 2075 1425 1051 787 633 504
0 10 20 30 40 50 60
t/month

Risk group

B 3 & XUB4E Bt XU mHUR KU 5=
Fig 3 The cumulative hazard and the risk table for each risk group
According to the ROC curve, risk groups were divided according to the best
cutoff value (0.830) and median value (0.705).
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