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Abstract

Purpose The triglyceride-to-high-density lipoprotein-cholesterol (TG/HDL-C) ratio is considered an alternative marker for
insulin resistance. This longitudinal retrospective study investigated the relationship between TG/HDL-C ratio and the risk
of progression to prediabetes.

Methods We investigated 24,604 Japanese participants (14,609 men and 9,995 women) who underwent annual medical
health checkups in 2017 (baseline) and 2022. All participants had no diabetes and prediabetes at baseline. No lipid-lowering
medications were taken during the follow-up period. Participants were divided into four groups according to the quartiles of
TG/HDL-C ratio at baseline. Multivariable-adjusted Cox regression analysis was conducted to examine hazard ratios (HRs)
of progression to prediabetes. Receiver operating characteristic curves were used to determine the optimal cutoff value of
TG/HDL-C ratio for prediction of prediabetes.

Results Compared with the lowest TG/HDL-C ratio quartile (Q1) group, the adjusted HRs (95% confidence intervals (CI))
of progression to prediabetes in the Q2, Q3, and Q4 groups, respectively, were 1.17 (0.92-1.47), 1.26 (1.01-1.56), and 1.77
(1.41-2.23) for men and 1.07 (0.60—1.11), 1.19 (1.08-1.29), and 1.58 (1.18-2.31) for women. For every 1 unit increase in
TG/HDL-C ratio, the adjusted HRs (95% CI) for progression to prediabetes was 1.09 (1.04—1.13) in men and 1.10 (1.04—
1.15) in women. The optimal TG/HDL-C ratio cutoffs were 1.71 and 0.97 in men and women, respectively, but the area
under the curve was > 0.70 in both sexes.

Conclusion High TG/HDL-C ratio is a risk factor for progression to prediabetes in Japanese men and women, but it had low
discriminative ability in predicting prediabetes risk.
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HDL-C  high-density lipoprotein-cholesterol Prediabetes refers to an intermediate stage of metabolic dis-
AUC area of under the curve order characterized by moderate hyperglycemia below the

diagnostic threshold for diabetes. In Japanese population,
the actual 5-year rate of progression from prediabetes to
diabetes is estimated to be 8.5% [1]. Despite not meeting
the criteria for diabetes, individuals with prediabetes may
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Hyperglycemia often coexists with dyslipidemia, charac-
terized by elevated serum triglyceride (TG) and low-density
lipoprotein-cholesterol (LDL-C), as well as decreased high-
density lipoprotein-cholesterol (HDL-C). Furthermore,
dyslipidemia often precedes the manifestation of hypergly-
cemia, as demonstrated by epidemiological cohort studies,
which have identified higher TG and lower HDL-C as inde-
pendent risk factors for the development of type 2 diabetes
mellitus (T2DM) [3, 4].

The TG/HDL-C ratio, considered an atherogenic dys-
lipidemia parameter, has been recently believed to be a
potential surrogate marker of insulin resistance in patients
with T2DM [5] and healthy subjects [6]. Moreover, the TG/
HDL-C ratio has been closely associated with the occur-
rence and progression of T2DM [7-9]. A study conducted
in Chinese patients with prediabetes revealed a positive
correlation between the TG/HDL-C ratio and the incidence
of T2DM [9]. Among nondiabetic populations, longitudi-
nal studies in Japan (follow-up period of 6 years) [10] and
Iran (follow-up period of 12 years) [11] identified the TG/
HDL-C ratio as an independent risk factor for T2DM.

Prediabetes is widely recognized for its hallmark fea-
tures of metabolic dysregulation and inflammatory burden
increments [12]. Likewise, the TG/HDL-C ratio has estab-
lished associations with chronic conditions characterized by
inflammatory burdens, including hypertension [13], cardio-
vascular disease [14], hepatic steatosis [15], and renal dys-
function [16]. Hence, ascertaining the connection between
prediabetes and the TG/HDL-C ratio holds the potential to
interrupt the cascade of metabolic dysregulation and thus,
mitigate the risk of severe disease.

Despite the established association between the TG/
HDL-C ratio and progression to T2DM, there is a paucity
of studies addressing the relation between the TG/HDL-C
ratio and progression to prediabetes [11, 17—19]. Some stud-
ies have reported a significant association between the TG/
HDL-C ratio and prediabetes [11, 17, 19], whereas others
have yielded conflicting results [18]. Furthermore, some
of these previous studies had relatively small sample sizes
[11, 18]. Moreover, one was a cross-sectional study with a
normal range of LDL-C [19], whereas a few used a longi-
tudinal cohort study design [11, 18]. Even when the afore-
mentioned studies were conducted as longitudinal analyses,
they may contain participants who were on lipid-lowering
medications (i.e., statins) [11, 17, 18], which can potentially
affect glycosylated hemoglobin (HbA1c) levels in individu-
als with normal glucose tolerance [20].

Prediabetes is a condition with a multifaceted patho-
physiology, and its association with the TG/HDL-C ratio
may vary depending on factors, such as age, gender, race/
ethnicity, study design, and data processing methods. There-
fore, to examine this relationship, we conducted a 5-year
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retrospective cohort study aimed at investigating the asso-
ciation between serum TG/HDL-C ratio and the risk of pro-
gression to prediabetes in Japanese individuals who were
not taking statins. In addition, we aimed to determine the
optimal cutoff point of the TG/HDL-C ratio for predicting
the progression to prediabetes and evaluated its perfor-
mance as a predictive marker.

Methods
Study participants

This retrospective, longitudinal cohort study was conducted
in a rural city located in Nagano Prefecture, Japan. The
database used for the study was obtained from the Chubu
Public Health Center. A total of 35,491 Japanese individuals
who underwent annual medical examinations at the center
in 2017 (baseline) were analyzed and were re-evaluated 5
years later. Then, individuals with diabetes or prediabetes
(n=28,244) and/or taking lipid-lowering agents (n=1,525)
at baseline were excluded from the study. Additionally, indi-
viduals who progressed to diabetes (n=173) and those who
newly started lipid-lowering agents (n=945) during the
5-year follow-up were also excluded. Finally, the analysis
was performed on a cohort comprising 21,301 individuals
with normoglycemia (12,587 men and 8,714 women) and
3,303 individuals with prediabetes (2,022 men and 1,281
women) who met the inclusion criteria for the study (Fig. 1).

Clinical and anthropometric measurements

Waist circumference (WC) was measured between the lower
rib margin and iliac crest after a normal expiratory breath.
The body mass index (BMI) was calculated as weight in
kilograms divided by height squared in meters. Blood pres-
sure (BP) was measured using an automated sphygmoma-
nometer on the right arm of the seated participants. Blood
samples were obtained after an overnight fast. Serum total
cholesterol (TC), TG, LDL-C, and HDL-C were analyzed
enzymatically. Serum uric acid (UA), fasting plasma glu-
cose (FPG), HbAlc, and creatinine levels were measured
using standard methods (Hitachi 47 automatic analyzer,
Hitachi Ltd., Japan). The estimated glomerular filtration rate
(eGFR) was calculated using the formula of the Japanese
Society of Nephrology according to the equation: 194 X
serum creatinine™ *** x age™%2%" mL/min/1.73 m?, further
multiplied by 0.739 for women participants [21].
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We investigated the association between TG/HDL-C ratio
in 2017 and the risk of progression to prediabetes in 2022.

Fig. 1 Flow chart showing the screening process for eligible participants. Abbreviations: TG, triglyceride; HDL-C, high-density

lipoprotein-cholesterol
Definition criteria

In this study, prediabetes was defined as an FPG of 100-
125 mg/dL and/or HbAlc of 5.7-6.4%. Diabetes was
defined as FPG of >126 mg/dL, HbAlc of >6.5%, self-
reported history, and/or the use of antidiabetic medications,
while normoglycemia was defined as FPG of <100 mg/
dL and HbAlc of <5.7%, according to the American Dia-
betes Association definitions [22]. Smoking status was

considered; participants were grouped into current smok-
ers (daily and occasional smoking) and nonsmokers (never
and former smoking). For alcohol consumption, partici-
pants were classified as drinkers (who drank> 12 drinks a
year least once per week) and nondrinkers (who drank <12
drinks a year) [23]. A familial history of diabetes was
defined as having one or more relatives (i.e., either a par-
ent or sibling) with diabetes. Information regarding medical
history, smoking status, alcohol consumption, medications
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(e.g., lipid-lowering and antidiabetic medications), and
familial history of diabetes were obtained via interview
using a structured questionnaire.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows version 21.0 (IBM Corp., Armonk,
NY, USA). Data are expressed as mean =+ standard deriva-
tion or as percent frequency, unless otherwise specified. The
Kolmogorov—Smirnov test was used to assess the data for
normality. The baseline characteristics of the participants
grouped by TG/HDL-C ratio quartiles were compared using
analysis of variance, Mann—Whitney U test, and chi-square
test for continuous data, skewed continuous data, and cat-
egorical data, respectively. Univariate and multivariate
Cox proportional hazards regression analyses were used
to determine factors related to prediabetes. After collinear-
ity screening, significant variables from univariate analysis
were included on multivariate regressions, with prediabetes
as outcome. Then, with the lowest TG/HDL-C ratio quartile
group (Q1) as the reference, multivariate Cox regression
models were used to calculate the hazard ratios (HRs) and
95% confidence intervals (Cls) between the baseline TG/
HDL-C ratio and risk of progression to prediabetes. Fur-
thermore, the receiver operating characteristic (ROC) curve
was applied to determine the optimal cutoff value of TG/
HDL-C ratio. The optimal threshold of TG/HDL-C ratio
was obtained according to the highest Youden’s index. To

determine the diagnostic efficacy in the prediction of pro-
gression to prediabetes, the area of under curve (AUC), sen-
sitivity, and specificity were calculated. All analyses were
stratified by sex. Statistical significance was set at probabil-
ity (P) of <0.05 (two-sided).

Results

Baseline characteristics of the study population by
TG/HDL-C ratio quartiles

The baseline characteristics of men and women are pre-
sented in Tables 1 and 2, respectively. The study participants
were classified into quartiles (Q1, Q2, Q3, and Q4) accord-
ing to their baseline TG/HDL-C levels (men: <0.97, 0.97—
1.49, 1.50-2.47, and >2.47, respectively; women: <0.64,
0.64-0.89, 0.90-1.34, and >1.34 mg/dL, respectively).
There was a large disparity in the TG/HDL-C ratio quar-
tile among men compared with women. In both sexes, as
the quartile of the TG/HDL-C ratio increases, the levels of
TG tend to increase and the HDL-C levels tend to decrease.
Among men, age was not significantly different across the
TG/HDL-C ratio quartile groups. In contrast, in women,
age significantly decreased as the TG/HDL-C ratio quartile
increased. In both men and women, individuals in higher
TG/HDL-C ratio quartiles were more likely to have a higher
BMI, WC, systolic and diastolic BPs, TC, TG, LDL-C, UA,
HbAlc, and FPG levels, as well as lower HDL-C levels.

Table 1 Men: baseline characteristics of participants grouped by TG/HDL-C quartiles

Q1 (n=3654) Q2 (n=3652) Q3 (n=3651) Q4 (n=3652) P value for trend

TG/HDL-C range < 0.96 0.97 - 1.49 1.50 - 2.47 >2.48

TG/HDL-C 0.71+0.16 1.21+0.15 1.91+0.28 4.61+3.68 < 0.001
Age (years) 44.7+14.3 44.1x14.1 442+14.4 44.1+14.3 0.148
BMI (kg/m?) 21.3+£2.6 22.2+3.0 23.0+3.2 24.4+3.4 < 0.001
WC (cm) 76.3+7.6 79.2+8.5 81.9+8.7 85.7+9.1 < 0.001
SBP (mmHg) 120.2+14.6 121.2+14.8 123.2+14.8 126.3+15.9 < 0.001
DBP (mmHg) 73.6+10.7 74.3+11.0 75.6+11.1 77.7+11.5 < 0.001
TC (mg/dL) 189.1+31.0 193.8+31.9 198.9+31.3 206.0+33.6 < 0.001
TG (mg/dL) 48.9+11.9 72.6+14.4 102.7+20.3 203.2+126.4 < 0.001
LDL-C (mg/dL) 106.4+26.0 118.1+28.5 127.0+29.8 129.6+31.4 < 0.001
HDL-C (mg/dL) 70.2+13.5 60.3+10.5 54.2+9.1 46.3+8.7 < 0.001
UA (mg/dL) 5.8+1.2 6.0+1.2 6.2+1.2 6.5+1.3 < 0.001
¢GFR (mL/min/1.73m?) 77.4+14.2 77.2+13.3 76.4+14.6 76.2+13.7 < 0.001
HbAlc (%) 5.21+£0.21 5.22+0.20 5.24+0.20 5.26+0.20 0.001
FPG (mg/dL) 90.0+9.3 90.8+9.6 91.5+10.0 93.1£11.0 < 0.001
Current drinker (%) 70.7 70.7 72.7 74.7 < 0.001
Current smoker (%) 13.0 12.6 13.2 13.4 0.721
Familial history of diabetes (%) 7.3 7.5 7.1 7.7 0.811

BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure
TC, total cholesterol; TG, triglyceride; LDL-C, LDL-cholesterol; HDL-C, HDL-cholesterol; UA, uric acid

FPQG, fasting plasma glucose; HbAlc, hemoglobin Alc; eGFR, estimated glomerular filtration rate
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Table 2 Women: baseline characteristics of participants grouped by TG/HDL-C quartiles

Q1 (n=2497) Q2 (n=2500) Q3 (n=2502) Q4 (n=2496) P value for trend

TG/HDL-C range <0.63 0.64 - 0.89 0.90-1.34 > 1.35

TG/HDL-C 0.49+0.09 0.76+0.08 1.08+0.12 2.22+1.16 < 0.001
Age (years) 46.3+15.0 453+14.4 45.0£14.6 44.8+14.7 0.002
BMI (kg/m?) 19.94+2.3 20.6+2.8 21.2+3.1 23.0+3.9 < 0.001
WC (cm) 71.3+6.5 73.4+7.9 75.7+8.4 80.6+9.8 < 0.001
SBP (mmHg) 112.9+14.4 113.8+15.1 116.0+15.4 120.0+16.8 < 0.001
DBP (mmHg) 68.7+10.2 69.4+11.5 70.4+10.5 72.8+11.3 < 0.001
TC (mg/dL) 197.5+33.7 197.4+34.1 200.9+32.8 210.2+37.1 < 0.001
TG (mg/dL) 38.8+8.6 53.6+9.9 71.5+13.9 122.8+52.1 < 0.001
LDL-C (mg/dL) 102.5+25.8 110.3+26.1 116.2+27.1 128.2+32.0 < 0.001
HDL-C (mg/dL) 79.5+13.8 71.0+11.7 66.1+11.2 57.4+11.2 < 0.001
UA (mg/dL) 4.3+0.9 43+0.9 44+1.0 4.7+1.1 < 0.001
eGFR (mL/min/1.73m?) 78.0+14.1 78.1+13.7 77.6+14.3 78.3+16.2 0.458
HbAlc (%) 5.22+0.21 5.24+0.20 5.25+0.20 5.27+0.21 < 0.001
FPG (mg/dL) 85.9+8.3 86.9+7.8 88.3+9.2 89.8+10.1 < 0.001
Current drinker (%) 439 46.6 47.0 47.8 0.037
Current smoker (%) 7.0 7.1 7.4 7.5 0.891
Familial history of diabetes (%) 7.0 7.9 8.4 8.9 0.610

BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure
TC, total cholesterol; TG, triglyceride; LDL-C, LDL-cholesterol; HDL-C, HDL-cholesterol; UA, uric acid
FPG, fasting plasma glucose; HbAlc, hemoglobin Alc; eGFR, estimated glomerular filtration rate

Risk factors for progression to prediabetes

In men and women, univariate Cox regression analyses indi-
cated that the following variables at baseline were signifi-
cantly and positively associated with the risk of progression
to prediabetes: age, BMI, systolic and diastolic BPs, TG/
HDL-C ratio, FPG, HbAlc, and familial history of diabetes
(Table 3). Notably, high HRs (95% Cls) were observed in
HbAlc, i.e., 1.83 (1.78-1.88) for men and 1.64 (1.59-1.69)
for women. Subsequently, multivariate Cox regression anal-
ysis was conducted to determine the independent risk fac-
tors for progression to prediabetes, and the following factors
were identified as independent risk factors: age, BMI, TG/
HDL-C ratio, FPG, HbAlc, and familial history of diabe-
tes. This analysis revealed that a one-unit increase in the
TG/HDL-C ratio was significantly associated with an 8.5%
and 9.7% increased incidence of prediabetes in men and
women, respectively.

Independent association between TG/HDL-C ratio
and progression to prediabetes

Table 4 presents the risk of progression to prediabetes based
on the quartiles of the TG/HDL-C ratio at baseline, adjusted
for various factors in different models. Model 1 was adjusted
for age and BMI at baseline. Model 2 was further adjusted
for FPG, HbAlc, systolic and diastolic BPs, UA, and eGFR
at baseline. Model 3 was further adjusted for smoking and
alcohol drinking at baseline and familial history of diabetes.

In both men and women, the HRs (95% Cls) in model 3
showed a positive and independent association between the
TG/HDL-C ratio and the risk of progression to prediabetes.
Compared with individuals in the lowest quartile (Q1) of
the TG/HDL-C ratio, the HRs in the Q3 and Q4 were 1.26
(1.01-1.56) and 1.77 (1.41-2.23) in men and 1.19 (1.08—
1.29) and 1.58 (1.18-2.31) in women, respectively.

The predictive value of TG/HDL-C ratio for
progression to prediabetes

The ROC curve analysis demonstrated a significant asso-
ciation between the TG/HDL-C ratio and progression to
prediabetes (Fig. 2). The optimal cutoff values of the TG/
HDL-C ratio for predicting prediabetes were found to be
1.71 for men and 0.79 for women. However, the sensitivity
and specificity in the optimal cutoff values were less than
0.6 in both sexes, and the model yielded low performance
(AUC<0.7) for the discrimination of prediabetes, with
AUCs of 0.582 and 0.606 in men and women, respectively.

Discussion

This retrospective, longitudinal cohort study conducted in
a Japanese population demonstrated that high TG/HDL-C
ratio is a significant risk factor for progression to predia-
betes from normoglycemia (i.e., normal FPG and normal
HbAlc), even after adjusting for potential confounding
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Table 3 Univariable and multivariable Cox regression for incidence of prediabetes

Univariate model

Multivariate model

OR 95% CI
Men
Age (years) 1.019 1.008-1.030
BMI (kg/m?) 1.011 1.009-1.013
SBP (mmHg) 1.015 1.010-1.020
DBP (mmHg) 1.002 1.001-1.002
TG/HDL-C ratio 1.097 1.057-1.137
FPG (mg/dL) 1.105 1.064-1.145
HbAlc (%) 1.828 1.782-1.876
UA (mg/dL) 1.005 1.001-1.009
eGFR (mL/min/1.73m?) 1.000 0.998-1.001
Current smoking 1.014 1.002-1.026
Current drinking 0.998 0.995-1.001
Familial history of diabetes 1.185 1.084-1.291
Women
Age (years) 1.017 1.003-1.031
BMI (kg/m?) 1.011 1.009-1.012
SBP (mmHg) 1.012 1.008-1.016
DBP (mmHg) 1.002 1.001-1.003
TG/HDL-C ratio 1.116 1.105-1.127
FPG (mg/dL) 1.095 1.041-1.148
HbAlc (%) 1.641 1.592-1.691
UA (mg/dL) 1.021 1.013-1.029
eGFR (mL/min/1.73m?) 0.999 0.998-1.000
Current smoking 0.992 0.970-1.015
Current drinking 0.994 0.990-0.999
Familial history of diabetes 1.205 1.156-1.257

P value OR 95% CI P value
0.015 1.012 1.001-1.023 0.020
< 0.001 1.003 1.002-1.004 0.006
< 0.001

< 0.001

< 0.001 1.085 1.036-1.134 < 0.001
< 0.001 1.083 1.021-1.146 < 0.001
< 0.001 1.663 1.598-1.730 < 0.001
0.013

0.723

0.018 1.022 1.005-1.038 0.022
0.301

< 0.001 1.119 1.021-1.231 < 0.001
0.011 1.013 1.005-1.021 0.044
< 0.001 1.005 1.001-1.008 0.028
< 0.001

< 0.001

< 0.001 1.097 1.041-1.153 0.002
< 0.001 1.033 1.019-1.049 0.001

< 0.001 1.426 1.348-1.508 < 0.001
< 0.001

0.430

0.504

0.023

< 0.001 1.198 1.120-1.279 <0.001

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglyceride; HDL-C, HDL-cholesterol;FPG, fasting
plasma glucose; UA, uric acid; eGFR, estimated glomerular filtration rate

factors. Our findings are consistent with previous cohort
studies indicating a positive relationship between the TG/
HDL-C ratio and the incidence of prediabetes [11, 18].
Notably, this study is novel as it was conducted among par-
ticipants who were not taking lipid-lowering medications
during the follow-up period, enhancing the reliability of our
results. In addition, we conducted a sex-stratified analysis,
offering novel insights and identifying the optimal cutoff
point of the TG/HDL-C ratio for predicting the progression
to prediabetes.

In a large cross-sectional study of 153,163 non-obese
Chinese individuals with normal LDL-C revels, the TG/
HDL-C ratio was positively associated with the inci-
dence of prediabetes after adjusting for covariates (odds
ratio=1.185, 95%CI 1.145-1.226) [17]. In a retrospective
cohort study conducted in the Chinese rural population, a
one-unit increase in TG/HDL-C ratio was associated with a
4% increased risk of prediabetes during a 3.1-years follow-
up [18]. Similarly, in a 11-year follow-up study in a Teh-
ranian urban population, a one-unit increase in TG/HDL-C
ratio was significantly associated with a 2% increased inci-
dence of prediabetes, and the significance persisted even
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after adjusting for insulin resistance [11]. However, it’s
important to note that these studies measured only FPG for
defining prediabetes and did not include measurements of
HbAlc, which is another criterion for diagnosing predia-
betes [11, 17, 18]. In the current study, we employed both
HbAlc and FPG to define prediabetes. The results showed
that a one-unit increase in TG/HDL-C ratio corresponded
to an 8.5% and 9.7% increased risk of prediabetes in men
and women, respectively; this had relatively high HRs com-
pared with previous reports. This difference in HRs may be
attributed to variations in the definition of prediabetes used
in different studies. Furthermore, there are notable hetero-
geneities between previous studies and our current study,
including differences in (1) follow-up duration, (2) analysis
based on the entire population versus sex-stratified analysis,
(3) level of adjustment for confounding factors, (4) age of
the study population, and (5) race/ethnicity.

Regarding the cutoff value of TG/HDL-C ratio for the
diagnosis of prediabetes, limited data was available. A
cross-sectional study of 2680 Chinese participants found
an optimal cutoff TG/HDL-C ratio of 1.13, with an accept-
able diagnostic performance and high AUC (95% CI); 0.796
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Table 4 Quartiles of TG/HDL-C and the risk of progression to prediabetes
TG/HDL-C quartile Incidence  Crude Model 1 Model 2 Model 3
ofpredia-  HR (95% CI) Pvalue HR (95%CI) Pvalue HR (95%CI) Pvalue HR (95%CI) P
betes (%) value
Men
Q1 (<0.96) 10.0 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref)) 1.00 (Ref.)
Q2 (0.97-1.49) 11.6 1.18 0.029 1.21 0.017 1.04 0.600 1.17 0.184
(1.02-1.37) (1.07-1.35) (0.89.-1.23) (0.92-1.47)
Q3 (1.50-2.47) 14.8 1.56 <0.001 1.38 <0.001 1.27(1.08-1.50) <0.001 1.26 0.045
(1.35-1.79) (1.19-1.59) (1.01-1.56)
Q4 (>2.48) 18.9 2.09 <0.001 1.68 <0.001 1.57(1.34-1.85) <0.001 1.77 <0.001
(1.82-2.39) (1.46-1.95) (1.41-2.23)
‘Women
Q1 (<0.63) 8.6 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref)) 1.00 (Ref)
Q2 (0.64-0.89) 10.0 1.17 0.101 1.13 0.230 1.10 (0.90-1.35) 0.366 1.07 0.149
(0.97-1.42) (0.93-1.36) (0.60-1.11)
Q3 (0.90-1.34) 13.6 1.66 <0.001 1.10 <0.001 1.39(1.14-1.69) 0.001 1.19 0.034
(1.29-1.99) (1.28-1.84) (1.08-1.29)
Q4 (>1.35) 19.2 2.52 <0.001 2.11 <0.001 1.84(1.52-2.44) <0.001 1.58 <0.001
(2.12-2.99) (1.76-2.53) (1.18-2.31)

HR, hazard ratio; CI, confidence interval
TG, triglyceride; HDL-C, HDL-cholesterol; BMI, body mass index; HbAlc, hemoglobin Alc; FPG, fasting plasma glucose
SBP, systolic blood pressure; DBP, diastolic blood pressure; UA, uric acid; eGFR, estimated glomerular filtration rate
Model 1; adjusted for age and BMI
Model 2; adjusted for HbAlc, FPG, SBP, DBP, UA, and eGFR in addition to Model 1

Model 3; adjusted for smoking and drinking status and familial history of diabetes in addition to Model 2

(A) Men
10
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. (B) Women
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P <0.001
o2
0o T T T T
00 02 04 06 08 10
1 - specificity

Fig. 2 Optimal cutoff value, sensitivity, specificity, and AUC in men (A) and women (B). Abbreviations: TG, triglyceride; HDL-C, high-density
lipoprotein-cholesterol; AUC, area of under the curve

(0.777-0.816). The current longitudinal study indicated that
the optimal cutoff points of TG/HDL-C ratio were 1.71 for
men and 0.97 for women. However, the AUC (95% CI)
values were relatively small; 0.582 (0.569—0.596) for men

and 0.606 (0.590-0.623) for women. Additionally, and the
sensitivity and specificity in the cutoff values were less than
0.6 in both sexes. Similar to our results, another cross-sec-
tional study of 7667 Chinese participants reported that the
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cutoff point was 1.00 with a small AUC (95% CI) of 0.590
(0.579-0.602) [24]. While the TG/HDL-C ratio showed a
significant association with the risk of progression to pre-
diabetes, its utility as a stand-alone marker for prediction of
progression to prediabetes appears to be limited.

Our findings revealed an inverse relationship between
the TG/HDL-C ratio and women’s age. There have been
limited reports on the association between the TG/HDL-C
ratio and age. In a previous study involving healthy Chi-
nese individuals in their forties, no significant age differ-
ences were observed among quartile groups in men [25],
which aligns with our observations. In contrast, the above
mentioned study reported a positive correlation between
TG/HDL quartile and the age in women [25], a finding
that contradicts our results. While the exact cause of these
discrepancies remains unclear, they could be attributed to
differences in study populations, geographic locations, life-
styles, or genetic factors. Because aging is a major risk fac-
tor in the development of prediabetes, it’s noteworthy that
even among younger women, a higher TG/HDL ratio is
associated with an increased risk of prediabetes in Japanese
women.

There are several pathophysiologic mechanisms that
could potentially explain the link between an elevated TG/
HDL-C ratio and progression to prediabetes. Serum HDL-C
is involved in regulating the function of pancreatic B-cells
and may provide direct B-cell protection against apoptosis
induced by cytokines or glucose [26]. Conversely, elevated
TG levels have been shown to affect pancreatic f-cell func-
tion and survival through the inflammatory free fatty acid
metabolic pathway. Additionally, serum TG regulates the
expression of genes that play a crucial role in insulin secre-
tion and insulin signaling pathways [27]. A prospective
observational study of 1016 individuals without diabetes
revealed that decreased HDL-C and increased TG levels
may contribute to sustain the abnormalities in insulin secre-
tion [28]. Similarly, we have previously reported a negative
correlation between the insulinogenic index, a measure of
early-phase insulin secretion in response to glucose load,
and both TG levels and the TG/HDL-C ratio in a Japa-
nese population [29]. Therefore, elevated TG/HDL-C ratio
directly leads to B-cell dysfunction, thereby impairing glu-
cose tolerance and affecting insulin secretion.

This cohort study has several strengths. First, this was a
relatively large-scale study with a community-based popu-
lation. Second, none of the participants used lipid-lowering
drugs during follow-up period. Third, although the accuracy
of prediction for the progression to prediabetes was limited,
a sex-specific cutoff point for TG/HDL-C was identified.
However, this study also has some limitations. First, as it was
a retrospective observational study, the results only suggest
an association rather than establishing a causal relationship

@ Springer

between the TG/HDL-C ratio and progression to predia-
betes. Second, the serum sample variables were measured
only once, but in reality, TG and HDL-C can fluctuate due
to diet and physical activity. Finally, the study population
consisted only of Japanese patients; thus, the results may
not be generalizable to other populations.

In conclusion, the TG/HDL-C ratio may be indepen-
dently and positively associated with the risk of progres-
sion to prediabetes in the Japanese population. Participants
with elevated TG/HDL-C ratios should be considered more
predisposed to prediabetes. Therefore, clinicians can use the
TG/HDL-C ratio, along with other traditional risk factors,
to conduct more individualized risk assessments. This can
help identify patients who may benefit from closer monitor-
ing and early intervention. Furthermore, our results support
the connection between TG/HDL-C ratio and progression of
glucose intolerance, which can provide a reference for the
management of dyslipidemia. Thus, aggressive interven-
tions for lowering TG and/or increasing HDL-C levels may
contribute to reduce progression to prediabetes.
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