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ABSTRACT
Aims/Introduction: Dyslipidemia plays a critical role in the pathogenesis of metabolic
syndrome and diabetes. Evidence has increasingly shown that the ratio of low- to high-
density lipoprotein cholesterol (LDL-C/HDL-C) is a novel marker for increased risk of insulin
resistance and cardiovascular diseases. However, the correlation between the LDL-C/HDL-C
ratio and diabetes risk is rarely reported. This is the first study to investigate the association
between the LDL-C/HDL-C ratio and new-onset diabetes in a large community-based
cohort.
Materials and Methods: In this retrospective cohort study, a total of 116,661 adults
without baseline diabetes were enrolled. Participants were stratified into four groups based
on LDL-C/HDL-C ratio quartiles. The outcome of interest was new-onset diabetes.
Results: During a median follow-up period of 2.98 years, 2,681 (2.3%) new diabetes
cases were recorded. The total cumulative incidence of diabetes progressively increased
alongside LDL-C/HDL-C ratio quartiles (0.31, 0.43, 0.68 and 0.88%, respectively, P-value for
trend <0.001). After adjusting for potential confounders, using the lowest quartile of the
LDL-C/HDL-C ratio as the reference, the risk of diabetes increased with LDL-C/HDL-C ratio
quartiles (P-value for trend <0.001); in particular, from the second to fourth quartile, hazard
ratios were 1.18 (95% confidence interval 0.87–1.59), 1.42 (95% confidence interval 1.07–
1.90) and 1.92 (95% confidence interval 1.43–2.59), respectively. The results were also
robust to challenges in multiple sensitivity analyses.
Conclusions: Among the Chinese population, elevated LDL-C/HDL-C ratio might be
an independent risk factor for new-onset diabetes.

INTRODUCTION
Diabetes mellitus is a global public health challenge for the 21st
century, which is illustrated by the high prevalence of associ-
ated morbidity and complications1. It has been estimated that
in 2019, globally, 463 million adults were affected by diabetes, a
figure expected to increase to 700 million by 2045, according to
the newly released Diabetes Atlas from the International Dia-
betes Federation2. Furthermore, in 2019, approximately 4.2 mil-
lion deaths worldwide were attributable to diabetes, and 10% of
global healthcare expenditure ($US760 billion) was spent on

diabetes-related treatment2. As a result, identifying individuals
at greater risk by screening with a cost-effective test, and pre-
venting or delaying the onset of diabetes through risk factor
management is a priority in many countries.
Dyslipidemia often occurs long before the onset of biochemi-

cal hyperglycemia3,4. Accumulated evidence has shown that
lipid abnormalities and insulin resistance (IR) are the key
mechanisms in the pathophysiology of metabolic syndrome,
which is likely to progress to diabetes through a bidirectional
relationship3. In brief, the accumulation of lipid molecules and
their metabolites, such as low-density lipoprotein cholesterol
(LDL-C), triglycerides (TGs) and free fatty acids can impair theReceived 21 January 2020; revised 21 May 2020; accepted 1 June 2020
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function or survival of b-cells and induce peripheral IR5-7. Con-
currently, in individuals affected by IR, the plasma insulin levels
tend to be increased, which can also contribute to lipid abnor-
malities, such as low serum high-density lipoprotein cholesterol
(HDL-C), elevated TG and small dense LDL particles3. It is
well documented that elevated concentrations of TG and LDL-
C are associated with an increased risk of diabetes7,8, whereas
increased serum HDL-C levels have been recognized as a pro-
tective factor against diabetes7,9.
Co-occurrence of multiple lipid abnormalities in individuals is

common, whereas associated risks and complications are often
the same or coexist10. According to a Canadian primary care
sentinel surveillance network database10, among 134,074 individ-
uals at a mean age of 59.2 years, 35.8, 17.3 and 3.2% had abnor-
malities in one, two and three dyslipidemia domains,
respectively. Furthermore, a report based on French data showed
that these figures are higher for patients treated with statins11.
Thus, clinical markers for mixed dyslipidemia are gradually
gaining interest as indicators of disease risk12,13. Recently, the
LDL-C/HDL-C ratio, as a simple index that simultaneously eval-
uates the levels of LDL-C and HDL-C, shows superiority to indi-
vidual lipid levels in terms of predictive value for IR 14,15 and
atherosclerotic cardiovascular diseases16,17. However, studies on
the LDL-C/HDL-C ratio value in predicting new-onset diabetes
are still limited. To date, only a single cross-sectional study
reported a positive association between the LDL-C/HDL-C ratio
and diabetes risk among patients with hypertension18, and
whether this positive effect can be extended to apparently
healthy individuals is unclear. Therefore, the present longitudinal
study aimed to examine the relationship between the LDL-C/
HDL-C ratio and new-onset diabetes in Chinese adults.

METHODS
Study population
The original clinical data were obtained from a public dataset
(https://datadryad.org) offered by Chen et al.19,20, which con-
formed to the guidelines of the Declaration of Helsinki and
was approved by the Rich Healthcare Group Review Board.
According to public policy statements of the dataset, ethics
approval was not required for the present study. The data were
anonymous, and the requirement for informed consent was
therefore waived.
Initially, data from 685,277 adults (aged ≥20 years) who had

received health checks at least twice between 2010 and 2016
were extracted from a computerized database established by the
Rich Healthcare Group in China by Chen et al.20 Participants
were excluded based on the following criteria: (i) diabetes diag-
nosis at baseline; (ii) unknown diabetes status during the fol-
low-up period; (iii) follow-up intervals <2 years; (iv) incomplete
data on sex, body mass index (BMI) and lipid parameters; and
(v) extreme BMI values (<15 or >55 kg/m2). Cohort entry was
defined as the date of the initial visit, and all patients were fol-
lowed up until the occurrence of diabetes or the end of the fol-
low-up period (31 December 2016).

Clinical measurements
As described in the previous research20, data on demographic
characteristics and results of rigorous physical examination,
including age, sex, height, weight, blood pressure and smoking
status, were collected using a standardized spreadsheet at the
first visit. Bodyweight and height were measured in light indoor
clothing with no shoes to the nearest 0.1 kg and 0.1 cm,
respectively. Smoking status was classified as non-smoker, past
smoker and current smoker. Blood pressure was measured by
using standard mercury sphygmomanometers in a quiet envi-
ronment. BMI was calculated as weight in kilograms divided by
height in meters squared. Trained investigators collected fasting
venous blood to measure lipid parameters (AU5800; Beckman
Coulter, Brea, CA, USA), plasma glucose (AU5800; Beckman
Coulter) and other indexes. LDL-C/HDL-C and TG/HDL-C
ratios were calculated as LDL-C or TG divided by HDL-C (ex-
pressed in mmol/L), respectively.

Endpoint and definitions
The outcome of interest was the occurrence of diabetes. New-
onset diabetes was defined21 either by fasting plasma glucose
(FPG) ≥7.00 mmol/L and/or self-reported history of diabetes,
and/or treatment with insulin or oral hypoglycemic agents
during the follow-up period. Impaired fasting glycaemia (IFG)
is defined as a fasting glucose ≥5.6 and <7.0 mmol/L, and nor-
mal fasting glucose (NFG) is defined as fasting glucose
<5.6 mmol/L.
According to the Chinese criteria22 for obesity: normal

weight is defined as BMI ≥18.5 and <24 kg/m2, and abnormal
weight is defined as BMI <18.5 or ≥24 kg/m2.

Statistical analysis
All statistical analyses were carried out using IBM SPSS 21
(version 21.0; Armonk, NY, USA). A two-tailed P-value <0.05
was considered statistically significant. Participants were divided
into four groups based on LDL-C/HDL-C ratio quartiles (Qs):
Q1 <1.6358, 1.6358 ≤ Q2 < 1.9836, 1.9836 ≤ Q3 < 2.4453 and
Q4 ≥2.4453. Categorical variables were presented as counts
(percentages), and comparisons between groups were carried
out with v2-test. Continuous data were expressed as the
mean – standard deviations, and comparisons between groups
were carried out with one-way ANOVA. The incidence of new-
onset diabetes was reported as cumulative incidence in the pre-
sent study, and the cumulative incidence was compared by a
stratified log–rank test. Kaplan–Meier curves were used to show
diabetes-free survival probability by the baseline LDL-C/HDL-C
ratio and sex categories. Furthermore, Cox proportional hazards
regression analysis was carried out to estimate the relationship
between the predictor and outcome, with the lowest quartile of
the LDL-C/HDL-C ratio set as the reference. Four different
models were constructed in the present study, and the results
are presented as both crude and adjusted hazard ratios (HRs)
estimates with 95% confidence intervals (CI). The potential
confounders included in this study were selected based on their
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associations with the outcome or a change in effect estimate of
>10%. Model 1 was adjusted for age, sex, family history of dia-
betes and smoking status at baseline. Model 2 was adjusted for
covariates included in model 1, plus BMI, total cholesterol
(TC), TGs, HDL-C and FPG at baseline. Model 3 was adjusted
for covariates included in model 2 and systolic blood pressure
(SBP), diastolic blood pressure (DBP), serum blood urea nitro-
gen (BUN) level and serum creatinine concentration at baseline.
Sensitivity analyses were carried out to assess the extent to
which the association between the baseline LDL-C/HDL-C ratio
and diabetes risk were affected by age, BMI and baseline glyce-
mic status. Receiver operating characteristic curve analysis was
carried out to assess the possibilities of the LDL-C/HDL-C ratio
for prediction of diabetes, and the optimal cut-off points were
determined by Youden’s index.

RESULTS
Study population characteristics
In total, 116,661 participants (mean age 44.07 – 12.93 years;
53.8% men) without diabetes at baseline were enrolled in the
present study. The median LDL-C/HDL-C ratio was 1.9836 (in-
terquartile range 1.6358–2.4453). The main demographic and
clinical characteristics of the participants are summarized in
Table 1. Overall, participants in the top quartile of the LDL-C/
HDL-C ratio (≥2.4453) were older, more likely to be male, cur-
rent smoker, and have higher levels of BMI, SBP, DBP, TC,
TG, LDL-C, TG/HDL, FPG, BUN and creatinine, but lower
levels of serum HDL-C (all P < 0.001).

Diabetes incidence
During a median follow-up period of 2.98 years (range 2.0–
7.56 years), there were 2,681 (2.3%) new cases of diabetes. The
crude cumulative incidence of diabetes by the LDL-C/HDL-C
ratio quartiles were 0.31, 0.43, 0.68 and 0.88%, from the lowest
to the highest quartile, respectively (Table 2). Cumulative inci-
dence gradually increased with higher LDL-C/HDL-C quartiles
in women and men (all P-value for log–rank test <0.001).
There was a higher cumulative incidence of diabetes across all
LDL-C/HDL-C ratio quartiles among men than among women
(Table 2; Figure 1). Overall 8 year diabetes-free survival rates,
stratified by LDL-C/HDL-C ratio quartiles and sex, are pre-
sented in Figure 1.

LDL-C/HDL-C ratio and risk of diabetes
Collinearity analysis of diabetes predictors and LDL-C/HDL-C
ratio are presented in Tables S1 and S2. Collinearity analysis
showed that LDL-C, TG/HDL-C and LDL-C/HDL-C had high
collinearity (tolerance <0.10 and VIF >10). Therefore, LDL-C
and TG/HDL-C were not included in the multivariate models.
The relationship between the LDL-C/HDL-C ratio and diabetes
risk was explored in different Cox proportional hazards regres-
sion models in which the LDL-C/HDL-C ratio was included as
a categorical variable. In the unadjusted model, compared with
people in the lowest quartile, the HRs for diabetes risk were

1.53 (95% CI 1.34–1.75), 2.18 (95% CI 1.93–2.47) and 2.43
(95% CI 2.16–2.74) for individuals with LDL-C/HDL-C ratio in
the second, third and fourth quartile, respectively. After pro-
gressive adjustment for various variables, including age, sex,
family history of diabetes, smoking status, BMI, TGs, TC,
HDL-C, baseline glycemic status (FPG levels or presence of
IFG, separately), SBP, DBP, BUN, and creatinine, the LDL-C/
HDL-C ratio remained significantly associated with new-onset
diabetes, despite the HRs being attenuated (Tables 3,S3).

Stratification analysis
To assess the robustness of the present results, the following
subgroup stratified analyses were carried out. All subgroup
analyses were adjusted for age, sex, family history of diabetes,
smoking status, BMI, TC, TGs, HDL-C, FPG, SBP, DBP, BUN
and creatinine, except the stratification factor itself. First, there
was a significant interaction between the LDL-C/HDL-C ratio
and baseline glycemic status (P = 0.032), suggesting that the
impact of the LDL-C/HDL-C ratio on diabetes risk might be
modified by FPG. To eliminate the influence, we carried out
sensitivity analyses in the IFG and NFG subgroups separately,
and the results suggested that in those with IFG/NFG, as the
LDL/HDL increased, the risk of diabetes increased significantly
(Table 4). Similarly, the results for age- and BMI-stratified sub-
groups were consistent with primary analyses, showing a posi-
tive relationship between elevated LDL-C/HDL-C ratio and
higher risk of diabetes, and this association appeared to be
more substantial in participants with abnormal weight and age
<55 years (Table 4).

DISCUSSION
To the best of our knowledge, this is the first study investigat-
ing the relationship between the LDL-C/HDL-C ratio and new-
onset diabetes risk in the Chinese population. This longitudinal
study clearly showed that as the LDL-C/HDL-C ratio increased,
the incidence of new-onset diabetes became gradually more
pronounced. After adjusting for the confounding factors, the
LDL-C/HDL-C ratio was significantly associated with an
increased risk of diabetes in Chinese adults, with a value of
1.92 (95% CI 1.43–2.59, P < 0.001) for those in the highest
quartile. Furthermore, the positive effect was prominent in all
subgroups considered.
The LDL-C/HDL-C ratio, as a surrogate marker of IR and

mixed dyslipidemia, is gradually gaining interest in cardiovascu-
lar disease-related research16,17,23. However, no data are cur-
rently available regarding the effect of the LDL-C/HDL-C ratio
on diabetes risk in the Chinese population. The present study
showed an association between a higher LDL-C/HDL-C ratio
and an increased risk of diabetes for the first time, and con-
tributed to epidemiological evidence that the LDL-C/HDL-C
ratio might be an important indicator to identify people at a
high risk of diabetes in the Chinese adult population. Similar
results were also obtained in a recent cross-sectional study
involving 935 Chinese participants, where Hong et al.18 found
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Table 1 | Baseline characteristics of the overall participants stratified by serum the low-density lipoprotein cholesterol : high-density lipoprotein
cholesterol ratio quartiles

Characteristics Quartiles of LDL-C/ HDL-C index P-value

Quartile 1 (n = 29,170) Quartile 2 (n = 29,152) Quartile 3 (n = 29,179) Quartile 4 (n = 29,160)

Age, years (SD) 40.53 – 11.90 42.98 – 12.61 45.36 – 13.05 47.42 – 13.09 <0.001
Male, n (%) 10,858 (37.2) 14,214 (48.8) 17,341 (59.4) 20,346 (69.8) <0.001
Body mass index, kg/m2 (SD) 21.78 – 2.97 22.98 – 3.16 23.87 – 3.16 24.76 – 3.13 <0.001
Smoking status, n (%)
Non-smoker 6,872 (86.0) 6,003 (79.3) 5,776 (72.8) 5,998 (65.6) <0.001
Past smoker 222 (2.8) 278 (16.7) 371 (4.7) 455 (5.0)
Current smoker 895 (11.2) 1,287 (17.0) 1,792 (22.6) 2,684 (29.4)

Family history of diabetes, n (%) 647 (2.2) 669 (2.3) 643 (2.2) 675 (2.3) 0.609
SBP, mmHg (SD) 115.0 – 15.6 118.3 – 16.4 121.3 – 16.9 123.1 – 16.7 <0.001
DBP, mmHg (SD) 71.5 – 10.4 73.6 – 10.8 75.5 – 11.0 77.2 – 10.9 <0.001
Total cholesterol, mmol/L (SD) 4.25 – 0.72 4.57 – 0.72 4.90 – 0.77 5.44 – 0.90 <0.001
Triglycerides, mmol/L (SD) 1.00 – 1.04 1.21 – 0.93 1.47 – 0.97 1.83 – 1.03 <0.001
HDL-C, mmol/L (SD) 1.61 – 0.30 1.43 – 0.24 1.32 – 0.23 1.13 – 0.22 <0.001
LDL-C, mmol/L (SD) 2.20 – 0.45 2.59 – 0.44 2.89 – 0.50 3.39 – 0.67 <0.001
LDL-C/HDL-C (SD) 1.37 – 0.19 1.81 – 0.10 2.19 – 0.13 3.06 – 0.65 <0.001
TG/HDL-C (SD) 0.66 – 0.87 0.88 – 0.80 1.16 – 0.87 1.72 – 1.11 <0.001
Blood urea nitrogen, mmol/L (SD) 4.48 – 4.48 4.68 – 1.17 4.76 – 1.19 4.82 – 1.17 <0.001
Creatinine, lmol/L (SD) 65.43 – 15.08 69.48 – 15.53 72.45 – 15.71 74.00 – 15.60 <0.001
Fasting blood glucose, mmol/L (SD) 4.82 – 0.56 4.95 – 0.58 4.99 – 0.62 5.02 – 0.65 <0.001

Categorical variables were presented as counts (percentages); continuous data were expressed as the mean – standard deviation (SD). DBP, diastolic
blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TG/HDL-C,
triglyceride/high-density lipoprotein cholesterol ratio.

Table 2 | Incidence rate of new-onset diabetes

Groups Participants (n) Diabetes events (n) Cumulative incidence (95% CI)

Overall
Total 116,661 2,681 2.30 (2.21–2.38)
Quartile 1 29,170 366 0.31 (0.28–0.35)
Quartile 2 29,152 499 0.43 (0.39–0.47)
Quartile 3 29,179 789 0.68 (0.63–0.72)
Quartile 4 29,160 1,027 0.88 (0.83–0.93)
P-value for log–rank test <0.001

Male
Total 62,759 1,888 3.01 (2.87–3.14)
Quartile 1 10,858 248 0.40 (0.35–0.44)
Quartile 2 14,214 336 0.53 (0.48–0.59)
Quartile 3 17,341 528 0.84 (0.77–0.92)
Quartile 4 20,346 776 1.24 (1.15–1.32)
P-value for log–rank test <0.001

Female
Total 53,902 793 1.47 (1.37–1.57)
Quartile 1 18,312 118 0.22 (0.18–0.26)
Quartile 2 14,938 163 0.30 (0.26–0.35)
Quartile 3 11,838 261 0.48 (0.43–0.54)
Quartile 4 8,814 251 0.47 (0.41–0.52)
P value for log–rank test <0.001
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that a higher LDL-C/HDL-C ratio is significantly associated
with the presence of diabetes among participants with hyper-
tension, regardless of age, sex and other lipid profiles. Of note,
in the study by Hong et al.18, TG levels alongside the LDL-C/
HDL-C ratio mediated the risk of diabetes in patients with
hypertension. However, there was no evidence of such an inter-
action in the present study, suggesting an independent effect of
the LDL-C/HDL-C ratio on diabetes risk in the general popula-
tion. The mechanisms underlying the close connection between
the LDL-C/HDL-C ratio and diabetes risk is further supported
by evidence from studies that LDL-C and HDL-C affect b-cell
function and survival in an opposite way. Specifically, LDL-C
can inhibit the secretion of insulin by islet cells, whereas HDL-

C can promote insulin secretion7. In insulin-producing cell
lines, Abderrahmani et al.24 showed that prolonged incubation
with oxidized LDL can diminish insulin expression and induce
cell death by activating the c-Jun N-terminal kinase pathway,
whereas treatment with HDL can counter these effects. Consid-
ering all this evidence, the LDL-C/HDL-C ratio might be a
powerful indicator of new-onset diabetes mellitus risk, which
could be helpful to define populations at “high risk” of diabetes
in the Chinese population.
Prediabetes, based on glycemic parameters above normal, but

below the diabetes threshold, is a well-established high-risk state
for developing diabetes, with an annualized conversion rate of
5–10%25,26. A categorization of individuals as either NFG or
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Figure 1 | The follow up without a diabetes (diabetes free) survival curve. (a) The incidence of diabetes was higher among participants with a low-
density lipoprotein cholesterol : high-density lipoprotein cholesterol ratio in the highest quartile. (b) The incidence of diabetes was higher among
male participants.

Table 3 | Cox regression analysis for the relationship between the low-density lipoprotein cholesterol : high-density lipoprotein cholesterol ratio
and incident diabetes in overall participants

Models Quartiles of LDL-C/HDL-C ratio P-value for trend

Quartile 1 Quartile 2 Quartile 3 Quartile 4

Crude Ref 1.53 (1.34–1.75) 2.18 (1.93–2.47) 2.43 (2.16–2.74) <0.001
Model 1 Ref 1.30 (0.98–1.72) 1.56 (1.20–2.03) 1.73 (1.36–2.22) <0.001
Model 2 Ref 1.15 (0.86–1.54) 1.37 (1.03–1.82) 1.82 (1.36–2.43) <0.001
Model 3 Ref 1.18 (0.87–1.59) 1.42 (1.07–1.90) 1.92 (1.43–2.59) <0.001

Regression results were presented as hazard ratio estimates with 95% confidence intervals, and the reference (Ref) group was quartile 1; P for trend
<0.05 is considered statistically significant; model 1 was adjusted for age, sex, family history of diabetes and smoking status at baseline; model 2
was further adjusted for model 1 covariates plus body mass index, total cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL-C) and
fasting plasma glucose at baseline; model 3 was adjusted for model 2 covariates plus systolic blood pressure, diastolic blood pressure, serum blood
urea nitrogen and creatinine at baseline. LDL-C, low-density lipoprotein cholesterol.
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prediabetic (IFG or IGT) neglects the fact that incident diabetes
risk significantly increases for FPG values that are within the
currently accepted normal range27,28. Thus, in diabetes risk pre-
diction, baseline glycemic measures are considered as continu-
ous (FPG levels) and categorical (presence or absence of IFG)
confounding variables individually. The results from different
Cox regression models support the conclusion that a higher
LDL-C/HDL-C ratio at baseline is an independent risk factor
for diabetes in community-based cohorts, regardless of baseline
glycemic status. Interestingly, subgroup analysis showed that
the predictive value of the LDL-C/HDL-C ratio was more
potent among individuals with NFG (adjusted HRs in the high-
est quartile was 3.66 vs 1.55 for the NFG and IFG subgroups,
respectively). A possible explanation for this pattern is that the
risk of diabetes is apparently increased in participants with ele-
vated FPG levels in the IFG group, thus overriding the effect of
a relatively smaller risk factor (elevated LDL-C/HDL-C ratio).
Furthermore, consistent with previous studies, advanced age
and adiposity are also associated with increased diabetes risk20.
Therefore, we also carried out sensitivity analysis by BMI and
age. The results showed that the positive relationship between
the LDL-C/HDL-C ratio and diabetes risk was robust in all
subgroups, with a stronger association among adults aged
<55 years. The underlying mechanisms responsible for this age-
related heterogeneity of effect are unclear, but it is likely medi-
ated by a decline in general health and an increase in the num-
ber of comorbidities associated with older age, including
reduction of cellular capacity to repair. For example, an imbal-
anced redox system (elevated levels of urinary oxidized gua-
nine/guanosine and urinary 8-isoprostane) has been associated
with increased risk of diabetes among older adults29.
The LDL-C/HDL-C ratio cut-off points for assessing the risk

of new-onset diabetes are an important consideration. In the
present study, the receiver operating characteristic analysis

showed a LDL-C/HDL-C ratio of 1.99 to have the strongest
association with diabetes (68% sensitivity and 51% specificity,
data not shown). Analysis stratified by the LDL-C/HDL-C ratio
quartiles confirmed this cut-off point, with a greater clinical
outcome expected at a ratio <1.6. Given that this is the first
report on the relationship between LDL-C/HDL-C ratio and
the risk of diabetes in the general population, it is difficult to
compare the present findings with previous studies. However,
Kurabayashi et al.30 suggested that maintaining the LDL-C/
HDL-C ratio <2.0 helped inhibit progression of advanced
atherosclerotic plaques or even enhance plaque regression, with
a ratio of 1.5 likely to achieve better results. Furthermore, a
prior study31 reported similar cut-off values of the LDL-C/
HDL-C ratio for predicting the progression of carotid intima-
media thickness. These findings suggest that application of the
LDL-C/HDL-C ratio in a clinical setting with the general popu-
lation might be an accessible and affordable approach that
could provide valuable information correlated with several
metabolic diseases.
The strength of the present study is that our sample size was

large, was derived from 32 sites and 11 cities in China, and the
age range was wide; thus, the conclusion of the present study
might have wide applicability for the Chinese population. How-
ever, the present study also had some limitations. First, diabetes
diagnoses were based on self-report and FPG levels, which is a
limitation, as we could have missed some cases of diabetes;
however, the 75-g oral glucose tolerance test (gold standard) is
not applicable to a large sample survey because of its complex-
ity to carry out. Second, the types of diabetes were not distin-
guished; however, previous findings suggest that type 1 diabetes
affects <5% of the global population32. To a large extent, the
present study has focused on type 2 diabetes. Finally, this was
a retrospective study, although we adjusted for as many covari-
ate variables as possible to diminish the possible influences,

Table 4 | Cox regression analysis for the relationship between the low-density lipoprotein cholesterol : high-density lipoprotein cholesterol ratio
and incident diabetes in various subgroups of participants

Subgroups Adjusted model, HR (95% CI) P for interaction

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for trend

BMI (kg/m2)
Normal (n = 63,476) Ref 1.31 (0.78–2.20) 2.06 (1.26–3.35) 2.02 (1.19–3.45) 0.003 0.006
Abnormal (n = 53,185) Ref 1.26 (0.86–1.85) 1.51 (1.01–2.26) 2.48 (1.53–4.01) <0.001

Age (years)
<55 (n = 91,326) Ref 1.28 (0.81–2.05) 1.89 (1.17–3.05) 3.27 (1.84–5.80) <0.001 0.454
≥55 (n = 25,335) Ref 1.14 (0.77–1.70) 1.39 (0.95–2.04) 1.70 (1.14–2.52) 0.003

Baseline glycemic status
NFG (n = 101,120) Ref 1.97 (1.08–3.59) 2.50 (1.29–4.82) 3.66 (1.64–8.18) 0.002 0.032
IFG (n = 15,541) Ref 1.02 (0.72–1.45) 1.21 (0.87–1.70) 1.50 (1.05–2.13) 0.006

Regression results were presented as hazard ration (HR) estimates with 95% confidence intervals (CI), and the reference group was quartile 1; P for
trend <0.05 is considered statistically significant. When analyzing a subgroup, age, sex, family history of diabetes, smoking status, body mass index
(BMI), total cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL-C), fasting plasma glucose, systolic blood pressure, diastolic blood pres-
sure, blood urea nitrogen and creatinine were all adjusted, except the stratification factor itself. IFG, impaired fasting glucose; NFG, normal fasting
glucose.
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residual confounding was unavoidable. For example, de Boer
et al. 33 found that a decline in insulin sensitivity can be attrib-
uted to differences in lifestyle and body composition, which are
variables the present study could not account for. In addition,
previous surveys showed that some antidyslipidemic medica-
tions might influence diabetes occurrence, and the results are
conflicted34,35. However, the exact information of oral lipid-low-
ering agents was not available for the present participants.
Therefore, future well-designed prospective studies are required
to investigate residual confounding and confirm the present
study findings.
In the present study, we first investigated the relationship

between the LDL-C/HDL-C ratio and new-onset diabetes risk,
and our data strongly showed that an elevated LDL-C/HDL-C
ratio is independently and positively associated with an
increased risk of diabetes in the Chinese population. These
findings suggested that the ratio LDL-C/HDL-C ratio is not
only a surrogate indicator of IR and cardiovascular disease, but
also plays a vital role in the pathogenesis of diabetes. Regular
assessment of the LDL-C/HDL-C ratio is helpful as a screening
test, and should be accompanied by patient education, includ-
ing information on the recommended proportions of dietary
fatty acids36, or intervention with antidyslipidemic medica-
tions35, to prevent adverse events.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Table S1 | Collinearity analysis of unselected diabetes predictors and the low-density lipoprotein cholesterol : high-density lipopro-
tein cholesterol ratio.

Table S2 | Collinearity analysis of selected diabetes predictors and the low-density lipoprotein cholesterol : high-density lipoprotein
cholesterol ratio.

Table S3 | Association between the low-density lipoprotein cholesterol : high-density lipoprotein cholesterol ratio with risk of inci-
dent diabetes when fasting plasma glucose was included as a categorical confounding variable.
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