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[ Abstract] Background With the growing incidence of metabolic diseases, there has been increasing attention given

to the prevention and control of metaholic syndrome ( MS) . As important screening markers of MS, the relationship between lipid
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ratios and MS has become a hot research topic. Objective To analyse the association and predictive value of triglyceride/high—
density lipoprotein cholesterol ( TG/HDL~C ) ratio, total cholesterol/HDL-C ( TC/HDL~C ) ratio, low-density lipoprotein
cholesterol/ HDL-C ( LDL-C/HDL~C ) ratio and non-HDL~C to the risk of MS in populations included in a multistage cross—
sectional study in Guizhou Province. Methods  This study retrospectively selected natural populations ( totally 21 727 cases )
from Guizhou who attended the National Survey of Chronic Diseases and Risk Factors in Surveillance Regions 2010, China
Chronic Disease and Risk Factor Surveillance 2013, and two waves of China Adult Chronic Disease and Nutrition Surveillance
(2015 and 2018 ) . Baseline data were collected, and according to MS prevalence included in which, subjects were divided into
MS group (n=4 981 ) and non-MS group (n=16 746 ) . The receiver operating characteristic ( ROC ) curve analysis was used
to evaluate the predictive value of TG/HDL-C ratio, TC/HDL-C ratio, LDL-C/HDL-C ratio and non—HDL-C for MS in males
and females, respectively. The Delong test was used to compare the values of area under the ROC curve ( AUC ) of lipid ratios
in predicting MS. Multivariate Logistic regression was used to analyze the association of lipid ratios with MS measured using odds
ratio ( OR ) with 95% confidence interval ( CI) , and to identify factors associated with MS among subjects stratified by survey
time, age, sex, body mass index ( BMI) , smoking and alcohol consumption. Results There were statistically significant
differences in mean age, sex ratio, distribution of ethnicities, education level and marital status, prevalence of smoking and
alcohol consumption, and mean BMI, TG/HDL-C ratio, TC/HDL-C ratio, LDL-C/HDL-C ratio and non—-HDL—-C between MS
group and non—MS group ( P<0.05 ) . TG/HDL-C ratio had a higher AUC value than TC/HDL~C ratio ( Z=17.822, P<0.001) ,
LDL~C/HDL-C ratio ( Z=23.813, P<0.001 ) and non-HDL-C ( Z=27.608, P<0.001) . The value of AUC of TG/HDL-C
ratio was higher in males than that in females (Z=4.299, P<0.001) . And the value of AUC of LDL-C/HDL-C ratio in males
was lower than that in females ( Z=2.061, P=0.039 ) . Multivariate Logistic regression analysis showed that in <60 years old,
= 60 years old, male, female, BMI<24.0 kg/mz, BMI =
groups, TG/HDL-C ratio, TC/HDL-C ratio, LDL-C/HDL-C ratio and non—-HDL-C were associated with the prevalence of MS
(P<0.05) . Conclusion TG/HDL-C ratio has a good predictive value for MS. TG/HDL-C ratio, TC/HDL-C ratio, LDL-

C/HDL~-C ratio and non-HDL-C are associated factors of MS, which should be paid more attention clinically in females,

24.0 kg/m’, smoking, non—smoking, drinking and non—drinking

individuals with BM1<24.0 kg/mz, non—smokers or non—drinkers.
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Table 1 Comparison of baseline characteristics between subjects without and with metabolic syndrome

o _— IE #H3 (n (%) ) R (n (%) ) ZHERE (n (%) )
(%) 5 I Wik RENi) INFUT INF e ot KRERDL
Jvs 4l 16746 47.7+159 8282 (49.5) 8464 (50.5) 9808 (58.6) 6938 (414) 6994 (41.7) 3301 (19.7) 4567 (27.3) 1235(74) 649 (39)
MS 4 4981 539:140 1857(373) 3124(627) 3281(659) 1700 (34.1) 2434 (489) 911 (183) 1161(233) 330 (6.6)  145(29)
g 2647 228.64 85.44 84.26
PfE <0.001 <0.001 <0.001 <0.001
. HSHRIRDL (n (%) ) WAl (n (%) ) I (n (%))
CIF Jifh 2 & P %
FEMS 41 13946 (833) 2800 (16.7) 5258 (31. 11488 (68.6) 5593 (334) 11153 (66.6)
MS 41 4285 (86.0) 696 (14.0) 1203 (2 3718 (75.8) 1413 (284) 3568 (71.6)
gt 2146 96.49 4448
P <0.001 <0.001 <0.001
i BMI TG/HDL-C TC/HDL-C LDL-C/HDL-C non-HDL-C
(kg/m®) (M (Py, Px) ) (M (Py, Pys) ) (M (Py, Px) ) (M (Py, Pr), mmollL)
P ms 41 25£3.0 0.84 (0.54, 1.19) 3.15 (2.68, 3.93) 1.88 (138, 233) 3.14 (262, 387)
MS 4 259£3.6 2.00 (1.30, 3.02) 432 (3.60, 5.25) 2.58 (2,00, 3.20) 400 (324, 4.67)
rEtEaapa i) 60.60" 70.08" 5735 48.66" 42.80"
P <0.001 <0.001 <0.001 <0.001 <0.001
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Table 2 Predictive values of TG/HDL-C ratio, TC/HDL-C ratio,

LDL-C/HDL-C ratio and non—-HDL-C for metabolic syndrome in all

subjects
Wi BRI AUC 95%C1 K'j”; *j(*"jf)ﬁ
TG/HDL-C 1.18 0.826 (0.820, 0.833) 79.6 74.8
TC/HDL-C 3.68 0.767 (0.759, 0.775) 72.8 68.7
LDL-C/HDL-C 227 0.727 (0.718, 0.735) 63.2 72.8
non-HDL-C 3.46 mmol/L 0.699 (0.691, 0.708 ) 69.0 62.0
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Figure 1 ROC curves of TG/HDL-C ratio, TC/HDL-C ratio, LDL-C/
HDL-C ratio and non-HDL~C in predicting metabolic syndrome
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Table 3 Predictive values of TG/HDL-C ratio, TC/HDL-C ratio,
LDL-C/HDL~-C ratio and non—-HDL-C for metabolic syndrome in males
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Table 4 Predictive values of TG/HDL-C ratio, TC/HDL-C ratio,
LDL-C/HDL-C ratio and non—-HDL-C for metabolic syndrome in females

5 RS AUC 95%CI i(?é{f)ﬁ %’Zr)ﬁ fBb7 BRI AUC 95%CI i(’?;ﬁ”(gﬁ fﬁ(@igﬁ
TG/HDL-C 1.25 0850  (0.841, 0.859) 847 73.5 TG/HDL-C 1.08 0823 (0814, 0831) 798 744
TC/HDL-C 401 0779 (0767, 0792) 644 79.1 TC/HDL-C 3.57 0767 (0757, 0777) 740 68l

LDL-C/HDL-C 231 0719 (0706, 0733) 630 720 LDL-G/HDL-C 223 0737 (0727, 0748) 639 739
non-HDL-C ~ 374mmol. 0704  (0.690, 0.717) 617 708 non-HDL-C  346mmolL. 0697 (0687, 0.708)  68.1 623
F5 KA MSEMHERNZHE Logistic [MIIH5-414%
Table 5 Multivariate Logistic regression analysis of associated factors of metabolic syndrome
TR 1A 2 TRl 3

il B SE S’f‘% OR (95%CI)  Pfi B SE c OR (95%c1) P B SE fa}% OR (95%CI)  Pff
TG/HDL-C 0702 0.015 2082535 2.017(1.957,2.079) <0.001 0754 0.016 2181414 2.125(2.059, 2.194) <0.001 0.612 0.016 1412027 1.844(1.786, 1.904) <0.001
TC/HDL-C 0773 0.016 2408562 2.166(2.100, 2.234) <0.001 0.784 0.016 2340215 2.191(2.123, 2.262) <0.001 0.639 0.017 1434831 1.895(1.833,1.959) <0.001

LDL-C/HDL-C 0.950 0.021 2103.997 2.586(2483,2.693) <0.001 0.953 0.021 2004395 2.594 (2488, 2.705) <0.001 0735 0.023 1048.645 2.085(1.994,2.180) <0.001
non-HDL-C ~ 0.615 0.016 1454.581 1.849(1.791, 1908 ) <0.001 0585 0.016 1263490 1.794(1.737, 1.853) <0.001 0455 0.017 674806 1.575(1.522,1.630) <0.001
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Figure 2 ROC curves of TG/HDL-C ratio, TC/HDL-C ratio, LDL-C/
HDL-C ratio and non-HDL~C in predicting metabolic syndrome in males
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Figure 3 ROC curves of TG/HDL-C ratio, TC/HDL-C ratio, LDL-C/
HDL-C ratio and non—-HDL~C in predicting metabolic syndrome in females
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Table 6 Multivariate Logistic regression analysis of associated factors of metabolic syndrome in subjects stratified by survey time

il B SE Waldy’ {4 R (95%CI) Pfi ixiil B SE Waldx{H OR (95%CI) P

2010 4 12 1—2012 412 1 20154 11 1—2016 43 A
TG/HDL-C, 0506 0029 314505  1.659 (1.569, 1.755)  <0.001 | TG/HDL-C 1386 0058 572017 4000 (3571, 4481)  <0.001
TC/HDL-C 0417 0.031 186555 1517 (1429, 1.611)  <0.001 | TC/HDL-C 1219 0052 547.307 3383 (3.055, 3.747)  <0.001
LDL-C/HDL-C 0273 0.038 50.566 1314 (1219, 1416) <0001 | LDL-C/HDL-C 1305 0.058  498.896  3.689 (3289, 4.136)  <0.001
non-HDL-C 0328 0030 119270  1.388 (1.308, 1471)  <0.001 | non-HDL-C 0676 0048 201016 1966 (1.791, 2.159)  <0.001

20134 1 4201445 A 2018 4F 10 A—20194E 5 A
TG/HDL-C 1416 0061 538.187 4119 (3.655, 4643)  <0.001 | TG/HDL-C 0316 0022 205398 1372 (1314, 1432)  <0.001
TC/HDL-C LI70 0046 633923 3.222(2.941, 3.529)  <0.001 | TC/HDL-C 0348 0026 185495 1416 (1347, 1489)  <0.001
LDL-C/HDL-C 1198 0054 484570  3315(2980, 3.688)  <0.001 | LDL-C/HDL-C 0498 0.045 119949  1.645 (1505, 1.799)  <0.001
non-HDL-C 0796 0043 347.135 2216 (2,038, 2410)  <0.001 | non-HDL-C 0318 0031 104051  1.375(1.293, 1462)  <0.001

RT AR PRI BMIL TR

WA DL 2 e MS SETAR R I Z R ZR Logistic MIHZMTES

Table 7 Multivariate Logistic regression analysis of factors associated with metabolic syndrome in subjects stratified by age, sex, BMI,

drinking and

smoking
il B SE Waldy i OR (95%CI) P il B SE Waldyx {H OR (95%CI) P
<60 %/ BMI = 24.0 kg/m”
TG/HDL-C 0587 0018 1058071 1798 (1.736, 1.863)  <0.001 | TG/HDL-C 0587 0021 758886  1.799 (1725, 1.875) <0.001
TC/HDL-C 0665 002 1123435 1945 (1871, 2022)  <0.001 | TC/HDL-C 0614 002 791114  1.849 (1.771, 1.930)  <0.001
LDL-C/HDL-C 0809 0.027 895766 2245 (2129, 2367) <0001 | LDL-G/HDL-C 0719 0029 620317 2051 (1.938, 2170)  <0.001
non-HDL~C 0499 0021  585.697 1.646 (1.581, 1.714)  <0.001 | non-HDL-C 0435 0022 386504 1545 (1479, 1.614) <0.001
= 60 % W A
TG/HDL-C 0818 0036 518742 2266 (2.112, 2431)  <0.001 | TG/HDL-C 0519 002 411062 1681 (1599, 1.768)  <0.001
TC/HDL-C 0686 0031 482558 1986 (1.868, 2.112)  <0.001 | TC/HDL-C 0559 0028 395385 1750 (1.656, 1.849) <0.001
LDL-C/HDL-C 0725 0.040 333402 2065 (1911, 2233) <0001 | LDL-C/HDL-C 0628  0.040 249303 1872 (1731, 2.023) <0.001
non-HDL~C 0458 0031 21269 1581 (1487, 1.681)  <0.001 | non-HDL-C 0445 0032 191440 1560 (1465, 1.662)  <0.001
I3 AW
TG/HDL-C 0517 0020 675827 1677 (1613, 1.744) <0001 | TG/HDL-C 0712 0021 1182143 2.039 (1958, 2.124)  <0.001
TC/HDL-C 059 0023 670215 1815 (1.735, 1.899)  <0.001 | TC/HDL-C 0735 0021 1260735  2.086 (2.004, 2.173)  <0.001
LDL-C/HDL-C 0669 0032 438479 1950 (1832, 2.076) <0001 | LDL-C/HDI-C 0864 0027 1012208 2373 (2250, 2.502)  <0.001
non-HDL-C 0467 0026  324.746 1595 (1.516, 1.678)  <0.001 | non-HDL-C 0512 0020 630021 1668 (1.603, 1.736)  <0.001
x© e
TG/HDL-C 0810 0026  936.864 2252 (2138, 2.372)  <0.001 | TG/HDL-C 0437 002 399819  1.548 (1483, 1.615) <0.001
TC/HDL-C 0749 0024 960.991 2117 (2,019, 2220) <0001 | TC/HDL-C 0539 0026 415314 1715 (1628, 1.806) <0.001
LDL-C/HDL-C 0895  0.031  810.141 2447 (2301, 2603)  <0.001 | LDL-C/HDL-C 0677 0039 303992 1966 (1822, 2.122)  <0.001
non-HDL~C 0501 0023  471.829 1.651 (1.578, 1.728)  <0.001 | non-HDL-C 0453 0030 232299  1.573 (1484, 1.667) <0.001
BMI<24.0 kg/m’ R
TG/HDL-C 0722 0025 861994 2,060 (1963, 2.162)  <0.001 | TG/HDL-C 0813 0023 1242186 2257 (2157, 2361)  <0.001
TC/HDL-C 0767 0026 888475  2.156 (2049, 2267)  <0.001 | TC/HDL-C 0756 0021 1255901  2.131 (2.044, 2222)  <0.001
LDL-C/HDL-C  0.894 0.035  667.657 2445 (2284, 2616) <0001 | LDL-C/HDL-C 0849  0.027 956474 2336 (2214, 2465) <0.001
non-HDL-C 0585 0027 479911 1795 (1704, 1.892)  <0.001 | non-HDL-C 0513 0021 592127 1670 (1.602, 1.740)  <0.001
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