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with impaired fasting glucose: a 5-year
retrospective cohort study
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Abstract

Objective The relationship between the non-high-density lipoprotein to high-density lipoprotein ratio (non-HDL-c/
HDL-c ratio) and changes in glycemic status as well as the development of type 2 diabetes mellitus (T2DM) has been
well established. However, there is a lack of evidence concerning the association between the non-HDL-c/HDL-c
ratio and the reversal of normoglycemia in individuals with impaired fasting glucose (IFG). Therefore, this study aimed
to examine the connection between the non-HDL-c/HDL-c ratio and the likelihood of reverting to normoglycemia
among people with IFG.

Methods This retrospective cohort study examined data collected from 15,524 non-selective participants with IFG

at the Rich Healthcare Group in China between January 2010 and 2016. The Cox proportional-hazards regression
model was used to investigate the connection between the baseline non-HDL-c/HDL-c ratio and the probability

of reverting to normoglycemia. We were able to discover the non-linear association between the non-HDL-c/HDL-c
ratio and reversion to normoglycemia using a Cox proportional hazards regression model with cubical spline smooth-
ing. We also performed several sensitivity and subgroup analyses. A competing risk multivariate Cox regression

was utilized as well to examine the development to diabetes as a competing risk for the reversal of normoglycemic
events.

Results In our study, a total of 15,524 individuals participated, with a mean age of 50.9+13.5 years, and 64.7% were
male. The average baseline non-HDL-c/HDL-c ratio was 2.9+ 0.9. Over a median follow-up period of 2.9 years, we

observed a reversion rate to normoglycemia of 41.8%. After adjusting for covariates, our findings revealed a negative
association between the non-HDL-c/HDL-c ratio and the likelihood of reverting to normoglycemia (HR=0.71, 95% Cl
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0.69-0.74). Notably, we identified a non-linear relationship between the non-HDL-c/HDL-c ratio and the probability
of transitioning from IFG to normoglycemia. We found an inflection point at a non-HDL-c/HDL-c ratio of 3.1, with HRs
of 0.63 (95% Cl 0.69, 0.74) on the left side and 0.78 (95% Cl 0.74, 0.83) on the right side of the point. Competing risks
multivariate Cox's regression, sensitivity analysis, and subgroup analysis consistently supported our robust results.

Conclusion Our study has revealed a negative and non-linear relationship between the non-HDL-c/HDL-c

ratio and reversion to normoglycemia in Chinese people with IFG. Specifically, when the non-HDL-c/HDL-c ratio
was below 3.1, a significant and negative association with reversion to normoglycemia was observed. Furthermore,
keeping the non-HDL-c/HDL-c ratio below 3.1 significantly elevated the probability of returning to normoglycemia.

Keywords Impaired fasting glucose, Regression to normoglycemia, Non-high-density lipoprotein to high-density
lipoprotein ratio, Cox proportional-hazards regression model, Competitive risk model, Non-linear relationship

Introduction

Diabetes has emerged as a significant global public health
concern, with its prevalence reaching epidemic propor-
tions [1]. The majority of patients experience a phase
known as impaired fasting glucose (IFG) over the course
of the disease, which is characterized by fasting plasma
glucose (FPG) levels that are above the normal range
but below the diagnostic cut-off for type 2 diabetes mel-
litus (T2DM) [2]. Pre-diabetes is defined in accordance
with the 2022 criteria established by the American Dia-
betes Association, encompassing IFG (FPG level of 5.6—
6.9 mmol/L), impaired glucose tolerance (IGT), and/or
glycated hemoglobin Alc (HbAlc) [3]. According to the
International Diabetes Federation (IDF), approximately
463 million people between the ages of 20 and 79 (6.0% of
the global population) have prediabetes [4]. The progres-
sion rates to T2DM for this population range between 5
and 10% per year [5], with a lifetime risk exceeding 70%,
especially among those who are overweight or obese [6].
Additionally, prediabetes is associated with an elevated
risk of cardiovascular and microvascular diseases, as well
as overall mortality [7-10].

However, the likelihood of developing T2DM from
pre-diabetes varies based on factors such as sex, age,
geographical location, ethnicity, social status, and the
specific criteria used to define pre-diabetes [7]. Remark-
ably, between 20 and 50% of individuals with pre-diabetes
experience a reversion back to normoglycemia instead of
progressing to T2DM. Notably, findings from the DPPOS
(Diabetes Prevention Program Outcomes Study) and the
Special Diabetes Program for Indians Diabetes Preven-
tion Program have demonstrated that individuals who
successfully revert to normoglycemia have a decreased
risk of developing diabetes mellitus [11, 12]. This suggests
that the key to preventing diabetes and its complications
lies in restoring normoglycemia rather than simply main-
taining prediabetes. Moreover, the reversion from IFG to
normoglycemia has been associated with improvements
in various cardiovascular risk factors [13]. A recent study
conducted in a Chinese population further indicated that

reversion from IFG, as defined by fasting plasma glucose
levels, to normoglycemia was linked to a reduced future
risk of chronic cardiovascular disease (CVD) and all-
cause mortality [14]. These findings provide compelling
evidence that true prevention of diabetes and its com-
plications is likely achieved through reversing IFG and
restoring normal glucose regulation (NGR).

The total amount of cholesterol found in lipoproteins
other than high-density lipoprotein cholesterol (HDL-
¢) is known as non-high-density lipoprotein cholesterol
(non-HDL-c). In addition to observable impairments in
glucose metabolism, individuals with diabetes frequently
manifest atherosclerotic lipid irregularities, which are
distinguished by heightened concentrations of non-
HDL-c and triglycerides (TG), as well as diminished
levels of HDL-c concentration [15, 16]. A higher risk of
insulin resistance and diabetes has been linked to these
lipid indicators of atherogenic lipoproteins, according to
earlier investigations [17, 18]. The non-HDL-c/HDL-c
ratio, a novel composite measure incorporating data on
both atherogenic and anti-atherogenic lipid particles
[19], has been shown in recent studies to independently
evaluate the likelihood of nonalcoholic fatty liver dis-
ease (NAFLD), chronic kidney disease (CKD), and meta-
bolic syndrome [20-22]. Furthermore, an observational
investigation has indicated that the non-HDL-c/HDL-c
ratio outperforms other markers in predicting metabolic
syndrome and insulin resistance [22]. Additionally, sev-
eral recent studies have established a close association
between the non-HDL-c/HDL-c ratio and the occurrence
and progression of IFG and T2DM [23-26]. Moreover,
a further study found that the non-HDL-c¢/HDL-c ratio
serves as a superior marker for predicting diabetes risk
compared to conventional lipid parameters in the general
population [27]. However, the current body of literature
does not present any empirical support for a correlation
between the non-HDL-c/HDL-c ratio and the regres-
sion of IFG to normoglycemia. Nevertheless, preliminary
findings from prior epidemiological investigations indi-
cate that regular physical activity, weight loss, adherence



Mo et al. Diabetology & Metabolic Syndrome (2023) 15:259

to a healthy diet, and the absence of hepatic steatosis are
independently associated with an increased likelihood of
reverting to normoglycemia in adults with initial predia-
betic conditions [28, 29]. Based on the synthesis of the
aforementioned studies, we posit the hypothesis that a
potential negative correlation exists between the non-
HDL-c/HDL-c ratio and the probability of reversing IFG
to normoglycemia. In order to explore this association
within the Chinese community, we conducted a cohort
study to examine the relationship between the non-HDL-
¢/HDL-c ratio and the likelihood of IFG transitioning to
normoglycemia.

Methods

Study design

In order to investigate the association between the non-
HDL-c/HDL-c ratio and the reversion of IFG to nor-
moglycemia, we conducted a retrospective cohort study
utilizing data from the China Rich Healthcare Group
database. Our analysis specifically examined the non-
HDL-c/HDL-c ratio at baseline as the independent vari-
able of interest, while considering the outcome variable
of IFG reversion to normoglycemia during follow-up.

Data source

The raw data was taken from the DATADRYAD data-
base (www.datadryad.org) for free provided by Chen,
Ying et al. (2018), Data from: Association of body mass
index and age with incident diabetes in Chinese adults:
a population-based cohort study, Dryad, Dataset, https://
doi.org/https://doi.org/10.5061/dryad.ft8750v. Research-
ers are granted permission to utilize this dataset for
non-commercial purposes in accordance with the terms
of service specified by the Dryad database. They are also
allowed to share, modify, remix, and create derivative
works based on the dataset, as long as appropriate credit
is given to the author and source [30].

Study population

To minimize selection bias, participants were consecu-
tively enrolled from 32 locations across 11 cities in China
(Suzhou, Nanjing, Changzhou, Shanghai, Beijing, Shenz-
hen, Guangzhou, Chengdu, Nantong, Hefei, and Wuhan)
by the Rich Healthcare Group. The study employed non-
traceable codes to encode participant identity informa-
tion to mitigate privacy apprehensions. The data utilized
in this research was extracted from a computerized data-
base established by the Rich Healthcare Group in China,
which housed medical records of individuals who under-
went health examinations from 2010 to 2016. This study
adhered to the principles outlined in the Declaration of
Helsinki, and all procedures involving human subjects
were approved by the clinical research ethics committee
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of the Rich Healthcare Group. The Institutional Review
Board waived the necessity for informed consent
from participants due to the retrospective design and
anonymized nature of the data [30, 31].

The original study initially included 685,277 partici-
pants aged 20 or above who had undergone at least two
health examinations. Following the exclusion of 670,053
participants, 15,224 participants remained for data anal-
ysis (refer to Fig. 1 for a detailed flowchart). The entire
study adheres to the Strobe statement. The exclusion
criteria comprised the following: (1) visit period less
than 2 years; (2) extreme body mass index (BMI) values
(<15 or>55 kg/m?); (3) incomplete records of weight,
sex, height, and FPG value at baseline; (4) pre-existing
diagnosis of diabetes; and (5) unknown diabetes status
at follow-up. After applying these exclusion criteria, the
analysis involved a total of 211,833 individuals in the
original study [30]. In the current study, we conducted
further exclusions on an additional 185,815 subjects
who exhibited baseline FPG levels below 5.6 mmol/L
or above 6.9 mmol/L. Moreover, participants without
baseline data on total cholesterol (TC) or HDL-c were
excluded (n=10,592), as well as those lacking FPG infor-
mation during follow-up (n=9), and individuals display-
ing extreme non-HDL-c¢/HDL-c ratio values that were
considered anomalous (values greater or less than three
standard deviations from the mean) (n=193) [32].

Variables

Non-high-density lipoprotein to high-density lipoprotein
ratio

We collected the baseline information of the non-HDL-
¢/HDL-c ratio and recorded it as a continuous variable.
The calculation procedure for obtaining the non-HDL-c/
HDL-c ratio is described below. The non-HDL-c/HDL-c
ratio is calculated by dividing the non-HDL-c value
(measured in mmol/L) by the HDL-c value (measured in
mmol/L). To determine the non-HDL-c value, the HDL-c
value is subtracted from the total cholesterol (TC) meas-
urement [33].

Outcome measures

The occurrence of reversion to normoglycemia, defined
as having an FPG level of less than 5.6 mmol/L during the
follow-up assessment and no self-reported incident dia-
betes, was our primary outcome of interest [3, 34].

Covariates

The covariates included in this study were selected
based on our clinical experiences and previous research
examining risk factors for IFG, diabetes, or reversion
to normoglycemia [24, 26, 28-30, 35]. Following these
principles, the following variables were considered as
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According to the data source article:

covering 32 regions and 11 cities in China

685,277 individuals who received a health check from 2010 to 2016,

n=6630

473,744 participants were excluded

(1) No information about sex, fasting plasma glucose(FPG)value,
weight, and height at baseline, n=135317

(2) Extreme BMI values (< 15 kg/m? or > 55kg/m2),n=152,

(3) Participants with less than two years between visits, n=324233
(4) Participants diagnoscd with diabetes at enrolment, n=7112;

(5) Participants with unknown diabetes status at follow-up,

A\ 4

211833 cligible participants were included in the original study

According to our study:

185815 participants were excluded
(1)Participants with FPG <5.6mmol/] at baseline (n=185586)
(2) Participants with FPG >6.9mmol/l at baseline (n=229)

v

Participants diagnosed with prediabetes (n=26018)

—>| ()

10794 participants were excluded

(1) Participants with missing TC information(n=612)

(2) Participants with missing HDL-c information(n=9980)
Participants with missing FPG
cvaluation(n=9)

(3) Participants with abnormal and extreme values of non-HDL-
¢/HDL-c ratio (n=193)

information at follow-up

v

15224 participants eventually entered the study

Fig. 1 Flowchart of study participants. lllustrates the participant selection process. Initially, a total of 211,833 participants were evaluated
for eligibility in the original study. After excluding 196,609 individuals, the final analysis consisted of 15,224 subjects in the current investigation

covariates: (1) continuous variables: age, FPG, BMI,
blood urea nitrogen (BUN), diastolic blood pressure
(DBP), serum creatinine (Scr), TG, alanine aminotrans-
ferase (ALT), systolic blood pressure (SBP), low-density
lipid cholesterol (LDL-c), aspartate aminotransferase
(AST), (2) categorical variables: gender, age, smoking and
drinking status, family history of diabetes.

Data collection

During every visit to the health check center, partici-
pants were given a comprehensive questionnaire on
their lifestyle, family history of diabetes, personal medi-
cal history, and demographic characteristics. Trained
staff meticulously measured height, blood pressure, and
weight with utmost precision and accuracy. In order to
ensure precise weight measurements, participants were
instructed to wear lightweight attire and refrain from
wearing shoes while recording measurements to the

nearest 0.1 kg. The calculation of BMI involved dividing
the weight (in kilograms) by the square of the height
(in meters), with height measurements taken with a
precision of 0.1 cm. Participants’ blood pressure was
measured using standard mercury sphygmomanom-
eters in an office setting. Prior to measurement, par-
ticipants were instructed to rest quietly for 5-10 min
in a lying position. Participants’ smoking behavior was
categorized into three groups: current smokers, for-
mer smokers, and non-smokers. Similarly, participants’
drinking status was classified as current drinkers, for-
mer drinkers, or non-drinkers. Assessments of smoking
and drinking status were conducted only at baseline.
Venous blood samples were collected during each visit
following a minimum fasting period of 10 h. These sam-
ples were later analyzed for HDL-c, BUN, TC, AST, TG,
Scr, FPG, LDL-¢, and ALT utilizing an autoanalyzer
(Beckman 5800) [30].
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Missing data processing

A small percentage of participants in the study had miss-
ing data for certain variables. Specifically, 5 participants
(0.033%) were missing SBP and DBP data, while 28 par-
ticipants (18.39%) had missing LDL-c data. Further-
more, a larger proportion of participants, namely 8188
(53.78%), 10556 (69.34%), and 10556 (69.34%), had miss-
ing data for AST, smoking status, and drinking status,
respectively. Additionally, 37 participants (0.24%) were
missing ALT data, 360 participants (2.36%) were miss-
ing BUN data, and 116 participants (0.76%) were missing
Scr data. To maximize the utilization of participants’ data
and minimize potential bias resulting from missing data,
we employed multiple imputation by chained equations
[36]. This imputation included variables such as BMI,
SBP, age, Scr, gender, DBP, ALT, BUN, FPG, TG, family
history of diabetes, LDL-c, AST, and drinking and smok-
ing status. The missing data were analyzed based on the
assumption that they were missing at random (MAR)
[37].

Statistical analysis

The participants were classified into quartiles of the non-
HDL-c¢/HDL-c ratio. Descriptive statistics were used to
present continuous variables, with mean + standard devi-
ation (SD) for normally distributed variables and median
(range) for skewed variables. Categorical variables were
reported as frequencies and percentages. To assess dif-
ferences among the non-HDL-c/HDL-c ratio groups, x2
tests, One-Way ANOVA tests, and Kruskal-Wallis H
tests were employed for categorical variables, normally
distributed variables, and skewed variables, respectively.
We used the Kaplan—Meier method to calculate survival
estimates and time-to-event variables. Additionally, we
compared the likelihood of returning from IFG to nor-
moglycemia among the non-HDL-c/HDL-c ratio groups
using the log-rank test.

To assess the possibility of covariate collinearity, we
computed the variance inflation factor (VIF) [38]. The
VIF was calculated using the formula VIF=1/(1-R?),
where R? represented the R-squared value derived from
a linear regression equation. For each regression analysis,
the variable of interest served as the dependent variable,
while all other variables were treated as independent
variables. If the VIF exceeded 5, it signified collinearity
among the variables and precluded their inclusion in the
multiple regression model (Additional file 1: Table S1).

In order to explore the relationship between the
non-HDL-c/HDL-c ratio and the probability of revert-
ing to normoglycemia from IFG, three distinct mod-
els were constructed using univariate and multivariate
Cox proportional-hazards regression analysis. The
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models employed in this study encompass three varia-
tions: Model I, which does not involve any adjustments to
covariates; Model II, which includes adjustments solely
for sociodemographic variables such as DBP, age, gen-
der, family history of diabetes, SBP, smoking and drink-
ing status, and BMI; and Model III, which incorporates
adjustments for all covariates listed in Table 1, encom-
passing TG, gender, age, BUN, BMI, Scr, FPG, ALT, DBP,
AST, family history of diabetes, SBP, LDL-c, smoking and
drinking status. The study presented hazard ratios (HR)
along with their corresponding 95% confidence inter-
vals (ClIs). The adjustment of confounding variables was
based on clinical knowledge, published reports [27-29],
and the results of collinearity screening, which indicated
no collinearity issues among the variables (Additional
file 1: Table S1).

To account for the potential non-linear correlation
between the non-HDL-c/HDL-c ratio and reversion to
normoglycemia in individuals with IFG, we employed a
Cox proportional hazards regression model with cubic
spline functions and the smooth curve fitting. This
approach allowed us to address any non-linearity pre-
sent in the data. When non-linearity was detected, we
applied a recursive algorithm to identify the inflection
point. Subsequently, we conducted two-piecewise Cox
proportional hazards regression models on each side of
the inflection point. To determine the most appropriate
model for assessing the association between the non-
HDL-c/HDL-c ratio and reversion to normoglycemia, we
performed a log-likelihood ratio test [39].

Considering that persons who develop diabetes during
the follow-up period are less likely to revert to normo-
glycemia, it is important to acknowledge that this could
have an impact on detecting IFG reversal or altering the
probability of such events [40, 41]. To address this issue,
we implemented competing risks multivariate Cox pro-
portional hazards regression, following the methodology
described by Fine and Gray [41, 42]. In this approach,
progression to diabetes was considered as a competing
risk for the events of reversion to normoglycemia.

To perform subgroup analyses based on gender, SBP,
age, BMI, TG, DBP, and FPG, we utilized a stratified
Cox proportional hazards regression model. Firstly, for
continuous variables such as age (<45,>45 years), SBP
(<140,>140 mmHg), BMI (<18.5,>18.5 to<24,>24
to 28,>28 kg/m?), TG (<1.7,>1.7 mmol/L), DBP
(<90,>90 mmHg), and FPG (<6.1,>6.1 mmol/L), cat-
egorical variables were established using clinically signifi-
cant cut-off points [43—46]. Secondly, each stratification
was adjusted for all other factors, including the stratifica-
tion factor itself (TG, gender, age, BUN, BMI, Scr, ALT,
DBP, AST, FPG, family history of diabetes, SBP, LDL-c,
smoking, and drinking status). Finally, we conducted a
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Table 1 The baseline characteristics of participants
Non-HDL-c/HDL-c ratio Q1 (<2.19) Q2 (2.19-2.67) Q3 (2.67-3.44) Q4 (>3.45) P-value
Participants 3803 3808 3807 3806
Age (years) 486+14.1 50.1+£133 525+134 526+126 <0.001
BMI (kg/m?) 234+£33 248+33 252431 258+3.1 <0.001
SBP (mmHg) 125£18 12717 129+£18 12917 <0.001
DBP (mmHg) 7611 78+ 11 79+11 80+ 11 <0.001
FPG (mmol/L) 59+03 59403 6.0+0.3 60+03 <0.001
TC (mmol/L) 44+0.7 49+0.8 52%09 56+09 <0.001
TG (mmol/L) 09(0.7-13) 1.3(1.0-1.8) 1.6(1.2-2.2) 2.1(1.5-29) <0.001
HDL-c (mmol/L) 16+0.3 14+0.2 13+0.2 1.1+0.2 <0.001
LDL-c (mmol/L) 2505 28+06 3.1+06 33+08 <0.001
Non-HDL-c (mmol/L) 29+05 35106 39+0.7 45+08 <0.001
Non-HDL-c/HDL-c 19+03 24%0.1 3.0£02 4.24+0.7 <0.001
ALT (U/L) 18.0 (13.0-25.8) 21.0(15.0-31.4) 23.0(16.4-33.5) 26.6 (18.7-40.0) <0.001
AST (U/L) 243+11.6 258+120 26.7+11.6 280117 <0.001
BUN (mmol/L) 49+12 50%12 51+13 50+13 <0.001
Scr (umol/L) 699+ 154 733+16.1 7424168 7444158 <0.001
Gender <0.001

Male 2055 (54.0%) 2408 (63.2%) 2526 (66.4%) 2854 (75.0%)

Female 1748 (46.0%) 1400 (36.8%) 1281 (33.6%) 952 (25.0%)
Smoking status <0.001

Never smoker 3066 (80.6%) 2861 (75.1%) 2769 (72.7%) 2474 (65.0%)

Ever smoker 141 (3.7%) 161 (4.2%) 149 (3.9%) 197 (5.2%)

Current smoker 596 (15.7%) 786 (20.7%) 889 (23.4%) 1135 (29.8%)
Drinking status <0.001

Never drinker 3105 (81.7%) 2969 (78.0%) 2992 (78.6%) 2962 (77.8%)

Ever drinker 565 (14.8%) 680 (17.8%) 648 (17.0%) 655 (17.2%)

Current drinker 133 (3.5%) 159 (4.2%) 167 (4.4%) 189 (5.0%)
Family history of diabetes 0.205

No 3714 (97.7%) 3720 (97.7%) 3694 (97.0%) 3702 (97.3%)

Yes 89 (2.3%) 88 (2.3%) 113 (3.0%) 104 (2.7%)

Values are n (%), mean +SD or medians (quartiles)

BMI body mass index, LDL-c low-density lipoprotein cholesterol, FPG fasting plasma glucose, AST aspartate aminotransferase, DBP diastolic blood pressure, TC
total cholesterol, Scr serum creatinine; SBP systolic blood pressure; BUN blood urea nitrogen; TG triglyceride, ALT alanine aminotransferase; HDL-c high-density
lipoprotein cholesterol, non-HDL-c non-high-density lipoprotein cholesterol, non-HDL-c/HDL-c ratio non-high-density lipoprotein cholesterol/high-density lipoprotein

cholesterol ratio

likelihood ratio test to evaluate interactions by compar-
ing models with and without interaction terms [47, 48].
In order to ascertain the dependability of our results, a
series of sensitivity analyses were performed. Initially, the
non-HDL-c/HDL-c ratio was classified into quartiles and
the P-value for the trend was evaluated to validate the
outcomes obtained when treating it as a continuous vari-
able. This approach also allowed us to explore potential
non-linear relationships. It is worth noting that a family
history of diabetes, smoking, and alcohol consumption
has been strongly linked to an increased risk of develop-
ing diabetes [49, 50]. In our additional sensitivity analy-
ses investigating the association between non-HDL-c/

HDL-c ratio and reversion to normoglycemia in people
with IFG, we excluded individuals with a family history
of diabetes, smoking, or alcohol consumption. Moreover,
due to incomplete data in approximately 70% of cases,
we excluded drinking and smoking status as covariates
in the multivariate model, as this might not contribute
effectively to model adjustment. Moreover, a generalized
additive model (GAM) was employed to incorporate the
continuity covariate as a curve in model IV, aiming to
ensure the consistency of the findings [51]. Additionally,
E-values were computed to assess the potential influence
of unmeasured confounding variables on the associa-
tion between the non-HDL-c/HDL-c ratio and reversion
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to normoglycemia [52]. This methodological approach
offered additional perspectives on the reliability of our
outcomes.

The data analysis was performed utilizing two statistical
software packages, namely R (The R Foundation, http://
www.R-project.org) and EmpowerStats (X&Y Solutions,
Inc, Boston, MA, http://www.empowerstats.com). All
statistical tests were conducted as two-sided tests, and a
significance level of P-value < 0.05 was employed to ascer-
tain statistical significance.

Results

Baseline characteristics of participants

The baseline characteristics of the participants involved
in the study are presented in Table 1. The mean age
was 50.9+13.5 years, with 64.7% being male. The base-
line non-HDL-c¢/HDL-c ratio had a mean value of
2.9+1.0. Among these individuals, 6357 (41.8%) with
IFG achieved normoglycemia during a median follow-up
period of 2.9 years. Participants were divided into sub-
categories based on quartiles of the non-HDL-c/HDL-c
ratio (<2.2,>2.2 t0<2.7,>2.7 to<3.4, and>3.4). There
were no significant differences in the family history of
diabetes between the different quartiles of the non-HDL-
¢/HDL-c ratio (P values > 0.05). Comparing the Q4 (>3.4)
group with the Q1 (<2.2) group, we observed significant
increases in age, BMI, DBP, FPG, TC, SBP, TG, AST,
LDL-c, BUN, non-HDL-c, ALT, Scr, male gender, ever
and current smokers, and current drinkers. Conversely,
there were opposite trends for HDL-c, females, never
smokers, and never drinkers among the covariates.

The normal distribution of the non-HDL-c/HDL-c
ratio levels is illustrated in Fig. 2, with a range of values
from 0.6 to 6.2, and a mean value of 2.9. Participants were
classified into two distinct groups based on the occur-
rence of reversion to normoglycemia during the follow-
up period. Figure 3 visually shows that individuals with
IFG who achieved normoglycemia experienced a signifi-
cant reduction in the non-HDL-c/HDL-c ratio compared
to those who did not reach normoglycemia.

The reversal rate to normoglycemia from IFG

Among participants with IFG, a total of 6357 indi-
viduals achieved normoglycemia, resulting in an over-
all cumulative rate of 14.2 per 100 person-years. The
cumulative rate of reversion to normoglycemia var-
ied across the four non-HDL-c/HDL-c ratio groups
for participants with IFG, ranging from 18.2 to 11.3
per 100 person-years. Specifically, the rates of rever-
sion for the overall normoglycemia category and each
non-HDL-c/HDL-c ratio group were as follows: 41.7%
(41.0-42.5%), 49.6% (48.0-51.2%), 43.0% (41.4—44.6%),
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Fig. 2 Distribution of non-HDL-c/HDL-c ratio. Presents a normal
distribution of the non-HDL-c¢/HDL-c ratio, ranging from 0.6 t0 6.2,
and with a mean value of 2.9
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Fig. 3 Data visualization of non-HDL-c/HDL-c ratio of all people
with IFG who reverted to normoglycemia or not. Visually illustrates
that people with IFG who reverted to normoglycemia experienced
a notable reduction in the non-HDL-c/HDL-c ratio, in contrast
to those who did not achieve normoglycemia

37.9% (36.4-39.5%), and 36.5% (35.0—-38.0%), respec-
tively. It is worth noting that participants with higher
non-HDL-c/HDL-c ratios demonstrated lower rates of
reversion to normoglycemia (P <0.0001 for trend). Fur-
ther details can be found in Table 2 and Fig. 4.
Regarding age stratification in 10 year intervals,
women exhibited higher reversion rates to normoglyce-
mia than men across all age groups (Fig. 5). Moreover,
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Fig. 5 The rate of reversion to normoglycemia in people with IFG
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Table 2 The rate of reversion to normoglycemia in people with IFG
Non-HDL-c/HDL-c ratio Participants(n) Reversion events(n) Reversal rate (95% Cl) (%) Per 100
person-
year
Total 15224 6357 41.8(41.0-42.5) 14.2
Q1(<22) 3803 1887 49.6 (48.0-51.2) 18.2
Q2 (22-2.7) 3808 1637 43.0 (41.4-44.6) 154
Q3 (2.7-34) 3807 1444 37.9(36.4-39.5) 126
Q4 (=34) 3806 1389 36.5 (35.0-38.0) 11.3
P for trend <0.001
non-HDL-c/HDL-c ratio non-high-density lipoprotein/high-density lipoprotein ratio, C confidence interval
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Fig.4 The rate of reversion to normoglycemia in people with IFG
stratified by the quartiles of non-HDL-c/HDL-c ratio. Shows

that participants with higher non-HDL-c/HDL-c ratio showed lower
rates of reversal to normoglycemia (P<0.001 for trend)

both men and women experienced a decrease in the
reversion rate as age increased.

The results of univariate analyses using the Cox
proportional-hazards regression model
The univariate analyses revealed that the reversion to
normoglycemia was not associated with ever drinkers
(P>0.05), but it showed a positive correlation with being
female and having higher levels of HDL-c. On the other
hand, it was negatively associated with being male, older
age, higher DBP, BMI, FPG, SBP, BUN, TG, Scr, LDL-
¢, ALT, non-HDL-c, non-HDL-¢/HDL-c¢ ratio, AST, a
family history of diabetes, and being an ever or current
smoker or current drinker (all P < 0.05; see Table 3).
Figure 6 presents the Kaplan—Meier curves illustrat-
ing the probability of reversion to normoglycemia from
IFG across different categories of non-HDL-c/HDL-c
ratios. The probability of reverting to normoglycemia

of age stratification by 10 intervals. According to Fig. 5, participants
with IFG showed a higher rate of reversion to normoglycemia

among women than men, regardless of their age group. Furthermore,
the reversal rate in both men and women decreased with increasing
age

significantly varied among the non-HDL-c/HDL-c ratio
groups (log-rank test, p<0.001). Notably, as the non-
HDL-c/HDL-c ratio increased, the likelihood of reverting
to normoglycemia progressively decreased. This sug-
gests that individuals with higher non-HDL-c/HDL-c
ratios had a lower probability of transitioning from IFG
to normoglycemia.

The results of multivariate analyses using the Cox
proportional-hazards regression model

The authors utilized three Cox proportional-hazards
regression models to investigate the association between
the non-HDL-c/HDL-c ratio and the likelihood of
reverting to normoglycemia. In the unadjusted model
(Model 1), a 1-unit increase in the non-HDL-c/HDL-c
ratio was found to be significantly associated with a
26% decrease in the probability of returning to normo-
glycemia (HR=0.74, 95% CI 0.72-0.76). The inclusion
of confidence intervals in the results suggests that the



Mo et al. Diabetology & Metabolic Syndrome (2023) 15:259

Table 3 Factors influencing reversion to normoglycemia among
participants with IFG analyzed by univariate Cox proportional
hazards regression

Variable Statistics HR (95% ClI) P value
Age(years) 509+135 0.97(0.97,098)  <0.00001
Gender

Male 9843 (64.7%) Ref

Female 5381 (35.3%) 1.25(1.19,1.31)  <0.00001

BMI(kg/mz) 248+33 0.93 (0.93,0.94) <0.00001

SBP(mmHg) 1275+17.7 0.99(0.99,1.000  <0.00001

DBP(mmHg) 785+11.2 0.98 (0.98,0.99) <0.00001

FPG(mmol/L) 6.0+03 0.21(0.18,0.22) <0.00001

TC(mmol/L) 50+£09 0.89(0.86,091)  <0.00001

TG(mmol/L) 1.8+14 0.90 (0.88,0.92) <0.00001

HDL-c(mmol/L) 13+03 97(1.83,2.13)  <0.00001

LDL-c(mmol/L) 29+0.7 094( 1,0.98) 0.00069

Non-HDL-c (mmol/L) 3.7+0.9 0.81(0.78,0.83) <0.00001

Non-HDL-c/HDL-c 29+1.0 0.74(0.72,0.76) ~ <0.00001

ALT(U/L) 28.0+23.1 0.99 (0.99, 1.00) <0.00001

AST(U/L) 262+11.8 0.99(0.98,099)  <0.00001

BUN(mmol/L) 50£1.2 0.96 (0.94,0.98) 0.00001

Scr(umol/L) 730£16.2 1.00 (1.00, 1.00) 0.00002
Smoking status

Never smoker 11170 (73.4%) Ref

Ever smoker 648 (4.2%) 0.86 (0.76,0.98) 0.02513

Current smoker 3406 (22.4%) 0.83(0.78,0.88) <0.00001
Drinking status

Never drinker 12028 (79.0%)  Ref

Ever drinker 2548 (16.7%) 0.98 (0.92, 1.05) 0.54647

Current drinker 648 (4.3%) 0.77 (0.67,0.88) 0.00010
Family history of diabetes

No 14830 (97.4%) Ref

Yes 394 (2.6%) 0.80 (0.68,0.94) 0.00627

BMI body mass index, FPG fasting plasma glucose, LDL-c low-density lipoprotein
cholesterol, DBP diastolic blood pressure, ALT alanine aminotransferase, TC

total cholesterol, SBP systolic blood pressure, TG triglyceride, AST aspartate
aminotransferase, non-HDL-c non-high-density lipoprotein cholesterol, BUN
blood urea nitrogen, HDL-c high-density lipoprotein cholesterol, Scr serum
creatinine, non-HDL-c/HDL-c ratio non-high-density lipoprotein cholesterol/high-
density lipoprotein cholesterol ratio, HR Hazard ratios, C/ confidence interval, Ref
reference

observed relationship between the non-HDL-c/HDL-c
ratio and the reversion to normoglycemia is statistically
robust. In the minimally-adjusted model (Model II),
adjusting solely for demographic variables, each addi-
tional unit of the non-HDL-c/HDL-c ratio was found to
significantly decrease the likelihood of reversion to nor-
moglycemia by 20% (HR=0.80, 95% CI 0.78-0.82). The
correlation between the non-HDL-c/HDL-c ratio and
the reversion to normoglycemia from this model was sta-
tistically significant. In the fully-adjusted model (Model
III), each additional unit of the non-HDL-c¢/HDL-c ratio
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Fig. 6 Kaplan-Meier curves for the probability of reversion

to normoglycemia from IFG. Displays the Kaplan—Meier curves,
illustrating the likelihood of reverting to normoglycemia from IFG,
categorized by quartiles of the non-HDL-c/HDL-c ratio. The

findings reveal a gradual decline in the probability of reversion

to normoglycemia as the non-HDL-c/HDL-c ratio increases. This
suggests that individuals with the highest non-HDL-c/HDL-c ratio
have the lowest chance of transitioning from IFG to normoglycemia

was associated with a 29% decrease in the likelihood of
reversion to normoglycemia (HR=0.71, 95% CI 0.69-
0.74). The results are statistically significant, as shown in
Table 4.

The results of competing risks multivariate Cox
proportional-hazards regression

Table 5 presents the findings of the competing analysis
examining the progression from IFG to incident diabetes.
In Model I (unadjusted), we observed a negative correla-
tion between the non-HDL-c/HDL-c ratio and the likeli-
hood of reverting to normoglycemia (SHR =0.74, 95% CI
0.72-0.76). Model II (minimally-adjusted) was adjusted
for various factors, including family history of diabetes,
age, gender, SBP, BMI, DBP, smoking, and drinking sta-
tus. The results of this model did not show any significant
changes (SHR: 0.80, 95% CI 0.78-0.82). The fully adjusted
model (Model III) took into account additional factors
such as TG, BUN, FPG, ALT, AST, Scr, SBP, and LDL-c.
This model also revealed a negative association between
the non-HDL-c/HDL-c ratio and the reversion to normo-
glycemia (SHR=0.71, 95% CI 0.69-0.74).

Sensitivity analysis
In order to enhance the dependability of our results, we
conducted a series of sensitivity analyses. Initially, we
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Table 4 Relationship between non-HDL-c/HDL-c ratio and reversion to normoglycemia in people with IFG in different models

Exposure

Model | (HR, 95% Cl, P)

Model Il (HR, 95% Cl, P)

Model lll (HR, 95% Cl, P)

Model IV (HR, 95% Cl, P)

Non-HDL-c¢/HDL-c ratio
Non-HDL-c/HDL-c ratio
Q1
Q2
Q3
Q4
P for trend

0.74(0.72,0.76) <0.0001

Ref
0.81(0.76,0.87)<0.0001
0.58 (0.54, 0.62) <0.0001
0.47 (0.44,0.50) <0.0001
<0.0001

0.80(0.78,0.82) <0.0001

Ref

0.89 (0.84, 0.96) 0.0009
0.68 (0.64, 0.74) <0.0001
0.57(0.53,0.61)<0.0001
<0.0001

0.71(0.69, 0.74) <0.0001

Ref

0.81(0.76,0.87) < 0.0001
0.58 (0.54, 0.63) < 0.0001
0.45 (0.41,0.49) <0.0001
<0.0001

0.70 (0.68,0.73) <0.0001

Ref

0.80 (0.74,0.85)<0.0001
0.56 (0.51, 0.60) < 0.0001
0.43 (0.39, 0.48) <0.0001
<0.0001

Model I: we did not adjust other covariates
Model II: we adjust gender, age, BMI, SBP, DBP, family history of diabetes, smoking and drinking status
Model Ill: we adjust gender, age, BMI, SBP, DBP, FPG, BUN, Scr, TG, LDL-c, ALT, AST, family history of diabetes, smoking and drinking status

Model IV: we adjusted gender, age (smooth), BMI (smooth), SBP(smooth), Scr(smooth), DBP(smooth), FPG(smooth), BUN(smooth), TG(smooth), LDL-c(smooth),
ALT(smooth), AST(smooth), family history of diabetes, smoking and drinking status

HR Hazard ratios, Cl confidence, Ref reference

Table 5 Relationship between non-HDL-c/HDL-c ratio and reversion to normoglycemia in people with IFG in different models with
competing risk of progression to diabetes

Exposure Model I (SHR, 95% Cl, P) Model Il (SHR, 95% Cl, P) Model Ill (SHR, 95% Cl, P)

Non-HDL-c¢/HDL-c ratio

Non-HDL-c/HDL-c ratio Quartile

0.74(0.72,0.76) <0.0001

0.80(0.78,0.82) <0.0001

0.71 (0.69, 0.74) < 0.0001

Q1 Ref Ref Ref

Q2 0.81(0.76,0.87) <0.0001 0.89 (0.83, 0.95) 0.0009 0.81(0.76,0.87) < 0.0001

Q3 0.58(0.54,0.62) <0.0001 0.68 (0.64, 0.73) < 0.0001 0.58(0.54,0.63) <0.0001

Q4 0.47 (0.44,0.50) <0.0001 0.57 (0.53,0.61) <0.0001 0.45(0.41,0.49) <0.0001
P for trend <0.0001 <0.0001 <0.0001

Model I: we did not adjust other covariates

Model II: we adjust gender, age, BMI, SBP, DBP, family history of diabetes, smoking and drinking status
Model Ill: we adjust gender, age, BMI, SBP, DBP, FPG, BUN, Scr, TG, LDL-c, ALT, AST, family history of diabetes, smoking and drinking status

SHR subdistribution hazard ratios, C/ confidence, Ref reference

partitioned the non-HDL-c/HDL-c ratio into quartiles
rather than treating it as a continuous variable. Subse-
quently, we reintegrated the non-HDL-c/HDL-c ratio,
which had been transformed into categorical form, into
the model. The findings indicated that following the
transformation of the non-HDL-c/HDL-c ratio into cat-
egories, the effect sizes within each group displayed
equidistant patterns, and the p-value for trend remained
consistent with the outcomes obtained when the non-
HDL-c/HDL-c ratio was treated as a continuous variable
(refer to Tables 4, 5).

In order to incorporate the continuity covariate as a
curve in the equation, a Generalized Additive Model
(GAM) was utilized. The findings from Model IV in
Table 4 were generally consistent with those obtained
from the fully adjusted model, indicating an HR of 0.70
(95% CI 0.68-0.73, P<0.0001). Additionally, E-values
were computed to evaluate the sensitivity to unmeas-
ured confounding variables. The resulting E-value of 1.85

suggests that any unmeasured or unknown confounders
had minimal impact on the association between the non-
HDL-c/HDL-c ratio and the probability of reverting to
normoglycemia.

In addition, we conducted several supplementary sen-
sitivity analyses to strengthen our findings. Specifically,
we excluded individuals with a family history of diabe-
tes or a history of smoking or alcohol consumption from
our analysis. Remarkably, even after accounting for these
confounding factors, we consistently observed a negative
correlation between the non-HDL-c/HDL-c ratio and the
probability of reverting to normoglycemia (Table 6).

However, we encountered a significant challenge due
to the substantial amount of missing data (approximately
70%) regarding smoking and alcohol consumption status.
As a result, we had to exclude these variables as covari-
ates in certain sensitivity analyses. Nevertheless, even
without their inclusion, the findings remained consistent
with our previous analyses (HR=0.71, 95% CI 0.69-0.74)
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Table 6 Relationship between non-HDL-c/HDL-c ratio and the probability of reverting from IFG to normoglycemia in different

sensitivity analyses

Exposure Model a (HR, 95% Cl, P)

Model b (HR, 95% Cl, P)

Model c (HR, 95% Cl, P) Model d (HR, 95% Cl, P)

Non-HDL-c/HDL-c ratio 0.71 (0.68,0.74) <0.0001
Non-HDL-c/HDL-c ratio (Quartile)

Q1 Ref Ref
Q2 0.81(0.75,0.87) <0.0001
Q3 0.57 (0.52,0.62) <0.0001
Q4 0.45 (0.40, 0.50) < 0.0001
P for trend <0.0001 <0.0001

0.71(0.69, 0.74) < 0.0001

0.79 (0.73,0.86) <0.0001
0.58 (0.53, 0.63) < 0.0001
045 (0.41,0.50) <0.0001

0.71 (0.69, 0.74) <0.0001 0.71 (0.69, 0.74) <0.0001
Ref Ref

0.81(0.76,0.87) <0.0001 0.82(0.76,0.88) <0.0001
0.58 (0.54, 0.63) < 0.0001 0.59 (0.54, 0.64) < 0.0001
045 (0.41,0.49) <0.0001 045 (0.41,0.49) <0.0001
<0.0001 <0.0001

Model a was a sensitivity analysis performed on never smoker participants (N=11170). We adjusted gender, age, BMI, SBP, DBP, FPG, BUN, Scr, TG, LDL-c, ALT, AST,

family history of diabetes, and drinking status

Model b was a sensitivity analysis performed on never drinker participants (N=12028). We adjusted gender, age, BMI, SBP, DBP, FPG, BUN, Scr, TG, LDL-c, ALT, AST,

family history of diabetes, and smoking status

Model ¢ was sensitivity analysis in participants without adjusting smoking and drinking status (N =15224). We adjusted gender, age, BMI, SBP, DBP, FPG, BUN, Scr, TG,

LDL-c, ALT, AST, family history of diabetes

Model d was sensitivity analysis in participants without family history of diabetes (N =14830). We adjusted gender, age, BMI, SBP, DBP, FPG, BUN, Scr,TG, LDL-c, ALT,

AST, smoking and drinking status
HR Hazard ratios, Cl confidence, Ref reference

(refer to Table 6). These results from the sensitivity analy-
sis further affirm the robustness of our findings.

The non-linearity addressed by Cox proportional hazards
regression model with cubic spline functions

Applying the Cox proportional hazards regression model
with cubic spline functions, we made an intriguing obser-
vation that the association between the non-HDL-c/
HDL-c ratio and the likelihood of reversion to normogly-
cemia from IFG is non-linear in nature (refer to Fig. 7).
To delve deeper into this relationship, we employed a
standard binary two-piecewise Cox proportional haz-
ards regression model and the log-likelihood ratio test to
determine the best fit. Remarkably, the P-value for this
test was found to be below 0.05, indicating statistical sig-
nificance (refer to Table 7).

By employing a recursive algorithm, we initially deter-
mined the inflection point to be 3.1, which facilitated the
computation of hazard ratios (HR) and their correspond-
ing confidence intervals (CIs) using the two-piecewise
Cox proportional hazards regression model. On the left
side of the inflection point, an HR of 0.63 (95% CI 0.59,
0.67) was observed, indicating a statistically significant
effect. Conversely, on the right side of ction point, the
effect size remained significant with an HR of 0.78 (95%
C10.74, 0.83).

The results of subgroup analyses

We comprehensively evaluated the interaction between
various variables and the association between the non-
HDL-c¢/HDL-c ratio and the likelihood of reverting to
normoglycemia in both prespecified and exploratory

subgroups (refer to Table 8). Our analysis indicated the
absence of significant interactions concerning age, gen-
der, BMI, SBP, DBP, or FPG. Nevertheless, a notable
interaction was observed with the variable TG.

Specifically, we found a more pronounced association
between the non-HDL-c/HDL-c ratio and the prob-
ability of reverting to normoglycemia among participants
with TG levels less than 1.7 mmol/L (HR=0.68, 95% CI
0.65—0.72). In contrast, the association between the non-
HDL-c/HDL-c ratio and the likelihood of reversion to
normoglycemia from IFG was attenuated among partici-
pants with TG levels greater than 1.7 mmol/L (HR=0.76,
95% CI 0.73-0.80).

Discussion

In this retrospective cohort study, we investigated the
relationship between the non-HDL-c/HDL-c ratio and
the likelihood of reversion to normoglycemia in individu-
als with IFG. Our findings revealed a significant associa-
tion between increasing non-HDL-c/HDL-c ratios and
a decreased probability of reversion to normoglycemia.
Furthermore, we identified a threshold effect curve,
which indicated varying correlations between the non-
HDL-c/HDL-c ratio and reversion to normoglycemia on
either side of the inflection point. Notably, we also found
that TG levels acted as potential effect modifiers, influ-
encing the correlation between the non-HDL-c/HDL-c
ratio and reversion to normoglycemia. Specifically, sig-
nificantly stronger associations were observed among
individuals with TG levels below 1.7 mmol/L, whereas
significantly weaker associations were detected among
those with TG levels greater than 1.7 mmol/L.



Mo et al. Diabetology & Metabolic Syndrome (2023) 15:259

P for non—linearity: <0.001

25

2.0

1.5

Hazard Ratio

0.5

0.0 -

Page 12 of 17

T T T
1 2 3

T T T
4 5 6

non-HDL-¢/HDL-c ratio
Fig. 7 The non-linear relationship between the non-HDL-c/HDL-c ratio and reversion to normoglycemia in people with IFG. In Fig. 7, we employed
a Cox proportional hazards regression model with cubic spline functions to investigate the association between the non-HDL-c/HDL-c ratio
and the probability of reversion from IFG to normoglycemia. The findings reveal a non-linear relationship between the non-HDL-c/HDL-c ratio

and this probability, with an inflection point observed at 3.1

Table 7 The result of the two-piecewise Cox regression model

Probability of reversion to HR (95%(Cl) P

normoglycemia

Fitting model by standard Cox regression 0.71(069,0.74) <0.0001
Fitting model by two-piecewise Cox regression

Inflection point of non-HDL-c/HDL-c ratio 3.1

<Inflection point 0.63(0.59,0.67) <0.0001

>Inflection point 0.78(0.74,0.83)  <0.0001
P for log-likelihood ratio test <0.001

We adjusted gender, age, BMI, SBP, DBP, FPG, BUN, Scr, TG, LDL-c, ALT, AST, family
history of diabetes, smoking and drinking status

HR, Hazard ratios; CI: confidence, Ref: reference

The findings of a prospective cohort study, which
included a total of 491 participants, revealed that 22.6% of
people with IFG experienced a return to normoglycemia
over a median follow-up time of 2.5 years [53]. Another

study reported a return to normoglycemia in 54% of par-
ticipants after 1 year, while 6% developed diabetes [54].
Likewise, a cohort research conducted in China involving
a sample size of 14,231 adults demonstrated that during a
span of 2 years, 44.9% of those diagnosed with IFG expe-
rienced a reversion to normoglycemia [14]. In our study,
which spanned a 5 year period, we observed a reversal to
normoglycemia in 41.8% of the cases. These variations in
the rates of reversion across studies may be attributed to
discrepancies in participant age, duration of follow-up,
and ethnic background. Nevertheless, all studies confirm
that a substantial proportion of individuals with IFG have
the potential to revert to normoglycemia. Therefore, it is
crucial to identify the contributing factors to this rever-
sion process in order to prevent diabetes and its associ-
ated complications.

A cohort study conducted in rural China demon-
strated that the risk of incident T2DM was significantly
higher in quartiles 2, 3, and 4 compared to quartile 1 of
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Table 8 Stratified associations between non-HDL-c/HDL-c
ratio and reversion to normoglycemia in people with IFG in
prespecified and exploratory subgroups

Characteristic  No of HR (95%CI) Pvalue P for
participants interaction
Age(years) 0.70 (0.67, 0.5084
0.74)
<45 5258 0.70 (0.67, <0.0001
0.74)
>45 9966 0.72 (0.69, <0.0001
0.75
Gender 05175
Male 9843 0.71(0.68, <0.0001
0.74)
Female 5381 072 (068, <0.0001
0.76)
BMI (kg/m?) 0.5877
<185 257 0.76 (0.57, 0.0590
1.01)
>185,<24 5972 0.69 (0.65, <0.0001
0.73)
>24,<28 6575 0.71(0.67, <0.0001
0.75)
>28 2420 0.74(0.67, <0.0001
0.80)
SBP (mmHg)
<140 11809 0.71 (0.68, <0.0001
0.73)
DBP (mmHg)
<90 12969 0.71(0.68, <0.0001
0.73)
>90 2255 0.73 (0.67, <0.0001
0.79)
TG (mmol/L)
<17 9292 0.68 (0.65, <0.0001
0.72)
>17 5932 0.76 (0.73, <0.0001
0.80)
FPG (mmol/L) 0.2422
<6.1 11060 0.71(0.69, <0.0001
0.74)
>6.1 4164 0.68 (0.63, <0.0001
0.73)

Note 1: Above model adjusted for gender, age, BMI, SBP, DBP, FPG, BUN, Scr, TG,
LDL-c, ALT, AST, family history of diabetes, smoking and drinking status

Note 2: In each case, the model is not adjusted for the stratification variable

HR Hazard ratios, C/ confidence, Ref reference

the baseline non-HDL-c/HDL-c ratio. The HR for quar-
tiles 2, 3, and 4 were 1.46 (95% CI 1.08-1.98), 1.51 (95%
CI 1.12-2.03), and 2.16 (95% CI 1.62-2.88), respectively.
Additionally, an increase in the non-HDL-c/HDL-c ratio
during the follow-up period was associated with a higher
risk of T2DM. The HR for quartile 3 was 1.67 (95% CI
1.25-2.24), and for quartile 4, it was 2.00 (95% CI 1.52—
2.61) [55]. Similarly, another 3 year cohort study in China
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demonstrated that each standard deviation increase in
logl0 non-HDL-c/HDL-c ratio was associated with a
higher risk of diabetes (OR 1.10; 95% CI 1.00-1.20) in
a multivariate model [32]. Furthermore, a cohort study
conducted on Japans general population revealed an
18% increase in the likelihood of developing diabetes
(HR 1.18, 95% CI 1.07-1.30) for every 1 unit rise in the
non-HDL-c¢/HDL-c ratio. Moreover, the utilization of
ROC curve analysis demonstrated that the non-HDL-c/
HDL-c ratio outperformed conventional lipid parameters
as a more effective indicator for predicting the risk of dia-
betes [27]. Considering that the progression to diabetes
mellitus and the reversal to normoglycemia represent
opposite developments in individuals with IFG, it was
hypothesized that an increased non-HDL-c/HDL-c ratio
might be associated with a lower probability of regression
to normoglycemia from IFG. However, no previous stud-
ies have explored this relationship. Our present study has
now confirmed that an elevated non-HDL-c/HDL-c ratio
is indeed linked to a lower probability of reversal to nor-
moglycemia in people with IFG. Furthermore, this nega-
tive association remained consistent even after excluding
smoking and drinking status from the multiple regression
equation. Sensitivity analyses demonstrated a consistent
relationship among participants without a family his-
tory of diabetes, non-smokers, and non-alcohol consum-
ers. Prior studies have demonstrated that a short period
of achieving normal blood glucose levels considerably
decreases the likelihood of developing T2DM in those
with IFG [11]. Therefore, the objective of treating IFG
should mainly focus on restoring normoglycemia rather
than solely preventing its progression to diabetes melli-
tus. The findings from our study have significant clinical
implications, suggesting that clinicians should consider
interventions to decrease non-HDL-c/HDL-c ratio levels
to promote regression to normoglycemia from IFG.

The exact mechanism by which a decrease in the non-
HDL-c/HDL-c ratio contributes to the promotion of
regression to normoglycemia from IFG remains unclear.
However, previous research has indicated that the accu-
mulation of excess cholesterol can lead to B-cell dys-
function, resulting in impaired glucose tolerance and
compromised insulin secretion. Furthermore, deposition
of cholesterol in the islets may contribute to increased
aggregation of islet amyloid polypeptide and the forma-
tion of islet amyloid, further exacerbating [-cell dys-
function and impacting glucose regulation [23-26,
56]. Therefore, it is plausible that the reduction in non-
HDL-c/HDL-c ratio levels may have improved [-cell
function, ultimately facilitating the reversal of IFG to
normoglycemia.

Based on our current understanding, our research
represents the initial investigation into the presence of a
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non-linear correlation between the non-HDL-c/HDL-c
ratio and the return to normoglycemia among individu-
als with IFG. In order to elucidate this non-linear asso-
ciation, we utilized a two-piecewise Cox proportional
hazards regression model and determined an inflection
point at 3.1, while accounting for potential confounding
variables. Our findings revealed that as the non-HDL-
¢/HDL-c ratio decreased below 3.1, the probability of
reversion to normoglycemia increased by 37% for each
unit decrease in the non-HDL-¢/HDL-c ratio (HR=0.63,
95% CI 0.59-0.67). Conversely, when the non-HDL-c/
HDL-c ratio exceeded 3.1, a decrease in the ratio by 1
unit was associated with a 22% increase in the probability
of reversing to normoglycemia (HR=0.78, 95% CI 0.74—
0.83). Therefore, a decrease in non-HDL-c/HDL-c ratio
levels in individuals with IFG is linked to an increased
likelihood of reversion to normoglycemia. However, it is
worth noting that the rate of increase in the probability
of returning to normoglycemia was found to be acceler-
ated when the non-HDL-c/HDL-c ratio was below 3.1. In
contrast, it was observed to be decelerated when the ratio
surpassed 3.1.

The rationale for considering other variables in par-
ticipants’ baseline is their potential impact on diabetes
risk. Comparing individuals with a non-HDL-c/HDL-c
ratio<3.1 to those with a ratio>3.1, it was observed
that the latter group generally had higher levels of age,
FPG, BMI, Scr, TG, ALT, LDL-c, SBP, AST, DBP, cur-
rent smokers, and drinkers (Additional file 1: Table S2).
However, it is important to note that these indicators
are closely associated with diabetes [24, 30, 49, 57-60].
When the non-HDL-c/HDL-c ratio exceeds 3.1, the pres-
ence of these diabetes risk factors diminishes the impact
of the non-HDL-c/HDL-c ratio on diabetes risk. Con-
versely, when the ratio is below 3.1, the levels of diabe-
tes risk factors such as BMI, Scr, FPG, TG, ALT, LDL-c,
SBP, and DBP tend to be lower, resulting in a weakened
effect on diabetes. Therefore, at this point, the influence
of the non-HDL-c/HDL-c ratio on diabetes risk relatively
increases. These findings provide a crucial rationale for
intervention in the non-HDL-c/HDL-c ratio level within
clinical settings to increase the likelihood of reversing to
normoglycemia. Importantly, the observation of a nega-
tive association between the probability of reversing to
normoglycemia and a non-HDL-c/HDL-c ratio below
3.1 is noteworthy. This study offers valuable insights into
strategies for increasing the probability of reversing to
normoglycemia for individuals with different non-HDL-
c¢/HDL-c ratio statuses. From a therapeutic standpoint, it
is recommended to keep the levels of non-HDL-c/HDL-c
ratio below the inflection point. In the present condi-
tion, a reduction in the ratio can substantially impact the
likelihood of returning to a state of normal blood glucose
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levels. Consequently, this study holds significant clinical
significance. The findings of this research are expected to
contribute to future efforts aimed at establishing predic-
tive models for assessing the probability of reversing nor-
moglycemia from IFG.

In the analysis of subgroups, it was observed that TG
could potentially influence the association between the
non-HDL-c/HDL-c ratio and the probability of return-
ing to normoglycemia, with more pronounced asso-
ciations observed in individuals with TG levels below
1.7 mmol/L. Conversely, significantly weaker associations
were found in the population with TG levels exceeding
1.7 mmol/L. In conjunction with prior investigations,
this study has provided further evidence that TG levels
exceeding 1.7 mmol/L are strongly associated with an
elevated risk of developing diabetes [24, 61]. Hence, it is
unsurprising that the correlation between the non-HDL-
c¢/HDL-c ratio and the restoration of normal blood glu-
cose levels is attenuated in the subgroup of individuals
with TG levels greater than 1.7 mmol/L, as TG exerts an
influential effect on this particular outcome. Given that
TG can modify the relationship between the non-HDL-
¢/HDL-c ratio and the likelihood of reversion to nor-
moglycemia, there is a clinical possibility to increase the
probability of reversion by altering the strength of this
association through interventions targeting TG levels. In
clinical practice, we can enhance the probability of rever-
sion to normoglycemia by reducing non-HDL-c/HDL-c
ratio levels and simultaneously increase reversion effec-
tiveness by further lowering TG levels.

Our study has several notable strengths, which are
listed below. Firstly, it is the first study to specifically
investigate the relationship between the non-HDL-c/
HDL-c ratio and reversion to normoglycemia from IFG in
the Chinese population. This unique focus provides valu-
able insights into this particular population. Secondly,
identifying a non-linear connection between the non-
HDL-c/HDL-c ratio and restoring normoglycemia from
IFG, along with determining inflection points, substan-
tially enhances the current understanding in this domain.
Thirdly, to tackle missing data, we employed a multiple
imputation technique to optimize statistical power and
minimize bias arising from incomplete covariate infor-
mation. The inclusion of this methodological rigor sig-
nificantly enhances the dependability of our outcomes.
Fourthly, we performed a sequence of sensitivity analyses
to further substantiate the resilience of our discoveries.
These additional analyses strengthen the credibility of
the observed associations. Furthermore, we employed a
multivariate Cox proportional hazards regression model,
accounting for the competing risk of IFG progressing to
diabetes, in assessing the likelihood of reversion to nor-
moglycemia. This comprehensive approach provides a
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more nuanced understanding of the factors influencing
reversion outcomes.

The study has several limitations that should be taken
into account. Firstly, the exclusive inclusion of Chinese
participants in this study necessitates further investiga-
tion to ascertain the correlation between the non-HDL-
c¢/HDL-c ratio and the restoration of normoglycemia in
individuals with IFG from diverse genetic backgrounds.
Secondly, while IFG serves as an indicator of pre-diabe-
tes, it does not fully capture the complexity of the con-
dition. Although measuring 2 h oral glucose tolerance
tests and HbA1C levels in such a large study cohort was
challenging, we aim to address this limitation in future
studies or collaborate with other researchers to collect
this valuable information. Thirdly, due to the utilization
of a secondary analysis of published data, the ability to
account for variables not encompassed within the origi-
nal dataset, such as insulin concentration and waist cir-
cumference, was unattainable. Nonetheless, through the
computation of the E-value, it was ascertained that the
impact of unmeasured confounders on the outcomes was
improbable. Fourthly, as this investigation was conducted
post hoc and based on observational data, it established
an association between the non-HDL-c/HDL-c ratio and
regression of normoglycemia in people with IFG rather
than a causal relationship. Fifthly, this study solely exam-
ined the non-HDL-c/HDL-c ratio and other parameters
at the initial stage, neglecting their temporal fluctuations.
In forthcoming research endeavors, we intend to design
our studies or establish partnerships with fellow scholars
to collect multiple data points, encompassing longitudi-
nal data on the dynamic alterations of the non-HDL-c/
HDL-c ratio throughout participant’s follow-up. Finally, it
is known that many people whose initial glucose value is
within the range of IFG will return to normal in a repeat
measurement. Some reasons are: (1) random variation,
especially if the initial value is near the lower border; and
regression to the mean phenomenon. Indeed, there was a
strong inverse association between regression to normal
and FPG indicating these issues.

Conclusion

This study presents empirical evidence of a significant
inverse correlation between the non-HDL-c/HDL-c
ratio and the likelihood of reverting to normoglyce-
mia in Chinese adults diagnosed with IFG. Further-
more, the study reveals a non-linear relationship and a
discernible threshold effect between the non-HDL-c/
HDL-c ratio and the achievement of normoglycemic
status. These discoveries provide valuable insights for
enhancing the prospects of transitioning from IFG to
normoglycemia in individuals with varying non-HDL-
c¢/HDL-c ratio statuses in the future. Notably, when the
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non-HDL-c/HDL-c ratio falls below 3.1, a noteworthy
reduction in the ratio significantly enhances the likeli-
hood of achieving normoglycemia. From a therapeutic
perspective, it is advisable to maintain non-HDL-c/
HDL-c ratio levels below the inflection point identified
in this study.
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