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Abstract
Background: Abnormal lipids are strong predictors of cardiovascular disease in type 1 diabetes mellitus (T1DM) and type 2
diabetes mellitus (T2DM). However, the potential associations of insulin resistance (IR) and beta-cell function (BCF) with
abnormal lipids in newly diagnosed T1DM or T2DM patients are not fully understood.
Methods: A cross-sectional survey of 15,928 participants was conducted. Homeostasis model assessment and postprandial
C-peptide levels were used to estimate IR and BCF. A restricted cubic spline (RCS) nested in binary logistic regression was used to
examine the associations of IR and BCF with abnormal lipids.
Results: High triglyceride (TG), low high-density lipoprotein cholesterol, and high low-density lipoprotein cholesterol (LDL-C)
accounted for 49.7%, 47.8%, and 59.2%of the participants, respectively. Inmultivariable analysis, high IRwas associatedwith an
increased risk of high TGs (P for trend<0.001) in T1DM and is associated with an elevated risk of high TG and low HDL-C (all P
for trend <0.01) in T2DM. Low BCF was not associated with risks of dyslipidemia in patients with T1DM or T2DM after
adjustment for potential confounders.
Conclusion: High IR had different associations with the risk of dyslipidemia in newly diagnosed T1DM and T2DM patients,
suggesting that early treatment that improves IR may benefit abnormal lipid metabolism.
Keywords: Beta-cell function; Dyslipidemia; Insulin resistance; Type 1 diabetes; Type 2 diabetes
Introduction

Cardiovascular disease (CVD) is one of the most severe
complications, and the leading cause of death in both type
1 diabetes mellitus (T1DM) and type 2 diabetes mellitus
(T2DM).[1,2] It has been established that some lipid
components, such as high triglyceride (TG) and low high-
density lipoprotein cholesterol (HDL-C), are risk factors
for diabetes. Conversely, abnormal lipids are highly
predictive of CVD in patients with diabetes.[3,4] Disorders
in carbohydrate metabolism in diabetes can cause or
worsen abnormal lipid metabolism in various ways. In
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both T1DM and T2DM, poor glycemic control can
increase serum levels of TG and low-density lipoprotein
cholesterol (LDL-C) and decrease levels of HDL-C.[5]

Indeed, it is essential to understand the biological links
between diabetes and lipid abnormalities to reduce the
increasing burden of CVD in patients with diabetes.

Pathophysiologically, insulin resistance (IR) and decreased
beta-cell function (BCF) are two major contributors to
diabetes. Interactions between IR and pancreatic BCF play
a key role in the pathogenesis of T1DM and T2DM.[6]

T1DM primarily arises from BCF impairment, while
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T2DM results from IR along with inadequate BCF.[7] The
decreased BCF and IR in diabetes may also play a key
role in worsening lipid metabolism. Furthermore, insulin
deficiency or IR can increase TG by reducing the
suppression of TG lipolysis, thus, increasing fatty acids
in the liver and decreasing HDL-C by reducing the
inhibition of ApoA-I expression needed for HDL synthe-
sis.[8] However, it remains unknown whether decreased
BCF or increased IR contributes most to abnormal
metabolism in different lipid components, i.e., high TG,
low HDL-C, and high LDL-C.

Statin treatment was associated with a 37% reduction in
major CVD events in individuals with T2DM,[9] but the
residual risk of CVD remains substantially high. It is
necessary to understand the associations of the two
fundamental features of diabetes, decreased BCF and
increased IR, for different abnormal lipid components to
better control CVD risk factors. Therefore, we conducted
a cross-sectional study in China and aimed to explore
whether decreased BCF and increased IR in newly
diagnosed T1DM or T2DM are associated with abnormal
lipids, i.e., high TG, low HDL-C, and high LDL-C, with
the use of restricted cubic spline (RCS) to detect these
potential non-linear associations.
Methods

Ethical approval

This study was approved by the Ethics Committee of the
Second Xiangya Hospital, Central South University in
China (No. 2014032), and written consent was obtained
from all participants.
Study design and population

From April 2015 to October 2017, we conducted a
nationwide, multicenter, cross-sectional survey of 18,976
participants with newly diagnosed diabetes in China. In
this survey, we invited 46 tertiary care hospitals across all
seven geographic regions of China from 20 provinces and
four municipalities to participate in this cross-sectional
survey.
Figure 1: Flow diagram of the study patients. HDL-C: High-density lipoprotein cholesterol; H
model assessment of insulin resistance; LDL-C: Low-density lipoprotein cholesterol; T1DM:
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The inclusion criteria were set as: (1) diagnosis of diabetes
based on theWorldHealth Organization 1999 criteria; (2)
age 18 years and older; (3) diabetes duration <1 year; (4)
outpatients attending clinics in the Department of
Endocrinology. Individuals were excluded if pregnant at
the time of diabetes diagnosis, if they had gestational
diabetes mellitus, or if they had co-existing acute diseases
such as infection or acute myocardial infarction that could
affect glucose metabolism. Specific types of diabetes due to
other causes (e.g., monogenic diabetes), diseases of the
exocrine pancreas (e.g., cystic fibrosis), and drug- or
chemical-induced diabetes (e.g., in the treatment of human
immunodeficiency virus/acquired immunodeficiency syn-
drome or after organ transplantation) were excluded as
well. In addition, we excluded 62 cases with insufficient
data for disease classification, 1635 cases missing lipid
data, 945 cases missing homeostasis model assessment of
insulin resistance (HOMA2-IR) data, and 406 cases
missing 2-h prandial C-peptide data. The remaining
15,928 patients were included in this analysis [Figure 1].
Data collection procedures

Demographic characteristics (i.e., age and sex), clinical
features, and lifestyle risk factors (i.e., exercise habits, diet,
smoking, and alcohol consumption) were collected using a
standard questionnaire administered by research nurses at
each of the 46 participating hospitals. Physical activities
were defined as engaging in exercise more than three times
aweek for at least 30min a session. Adiet habitwas defined
as engaging a healthy-eating plan which is naturally rich in
nutrients and low in fat and calories. Current smoking was
defined as either daily or occasional (less than daily)
smoking. Alcohol consumption was defined as either daily
or occasional (less than daily) drinking. The nurses used
standardized procedures to measure height, weight, waist
circumference, hip circumference, systolic blood pressure
(SBP), and diastolic blood pressure. Drug use information
was retrieved from case notes.
Laboratory assays

Fasting plasma glucose (FPG), total cholesterol, TGs,
HDL-C, LDL-C, plasma hemoglobin A1c (HbA1c), and
OMA2-B: Homeostasis model assessment of beta-cell function; HOMA2-IR: Homeostasis
Type 1 diabetes mellitus; T2DM: Type 2 diabetes mellitus; TG: Triglyceride.
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fasting C-peptide were directly assayed using standard
methods at the study sites at the time of the patients’ visits.
Postprandial blood samples were tested for 2-h postpran-
dial plasma glucose (PPG) and C-peptide after a mixed
meal. The core laboratory performed serum glutamic acid
decarboxylase antibodies (GADA) assays via a standard-
ized radioligand assay.[10] Serum samples for GADA
assays from other hospitals were shipped on ice within
1 day and stored at –80°C in the core laboratory. The
assay was assessed in the 2016 islet autoantibody
standardization program (IASP 2016).
Classification of diabetes

The classification of T1DM and T2DM was based on
clinical characteristics and diabetes-related biochemical
measurement results, including fasting and 2-h PPG and
C-peptide, lipids levels, HbA1c, and GADA serum levels.
T1DM was diagnosed based on insulin-dependent diabe-
tes, prone to ketoacidosis, or presence of GADApositivity.
T1DM was further divided into classic T1DM and latent
autoimmune diabetes in adults (LADA). Classic T1DM
was defined according to the classification of diabetes by
the American Diabetes Association (ADA) and World
Health Organization and was diagnosed based on insulin-
dependent diabetes, prone to ketoacidosis, or presence of
GADA positivity. LADA was defined as GADA positivity
in patients with non-insulin requiring diabetes for at least
the first 6 months. T2DM was diagnosed as GADA-
negative and insulin-independent patients.
Evaluation of IR and BCF

HOMA2-IR was estimated based on C peptide levels and
plasma glucose using the HOMA calculator (https://www.
dtu.ox.ac.uk/homacalculator/). BCF was based on 2-h
postprandial C peptide levels.
Definition of dyslipidemia

As recommended by the ADA,[11] high TG was defined
as TG >1.7mmol/L, low HDL-C was defined as HDL-C
<1.0mmol/L (males) and <1.3 mmol/L (females), and
high LDL-C was defined as LDL-C >2.6mmol/L.
Statistical analysis

Continuous variables were expressed as mean ± standard
deviation or median (interquartile range) based on the
evaluation of a normal distribution; categorical variables
were given as a number (percent). For analysis of
continuous variables, the Student t test or Mann–Whitney
test was performed to compare differences between
groups where appropriate. Frequency differences were
compared using the chi-square test. R (version 4.0.2) and
SPSS (version 26, IBM Corp, Armonk, NY, USA) were
used to perform all the analyses. P < 0.05 was considered
statistically significant.

Because there are no data to suggest that HOMA-IR and
postprandial C-peptide were linearly associated with
abnormal lipids in diabetes, RCS analyses nested in the
multivariable logistic regression analyses were used to
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check full-range associations of HOMA2-IR and post-
prandial C-peptide with different dyslipidemia in T1DM
and T2DM, respectively. We first performed univariable
analysis and then multivariable analyses with adjustment
for age, sex, current smoking, current drinking, bodymass
index (BMI, calculated as kg/m2), HbA1c, SBP, and
current use of drugs including lipid-lowering treatment,
oral anti-diabetic treatment, and insulin treatment to
obtain full-range associations of HOMA2-IR and post-
prandial C-peptide with different dyslipidemia in T1DM
and T2DM. In the RCS analysis, four knots were chosen
because four knots were able to offer an adequate fit of
the model and represent a good compromise between
flexibility and the loss of precision caused by overfitting
a small sample.[12] We identified threshold points of
HOMA2-IR and postprandial C-peptide at the points, if
any, where dyslipidemia risk started to rise or fall
sharply, as in the previous investigations.[13]We further
stratified HOMA2-IR and postprandial C-peptide at the
identified cutoff points and repeated the univariable and
multivariable analyses to obtain odds ratios (ORs) and
95% confidence intervals (CIs) of HOMA2-IR and
postprandial C-peptide in categorical variables as strati-
fied at these threshold points for high TG, low HDL-C,
and high LDL-C among patients with T1DM and T2DM,
respectively.
Results

Characteristics of the study participants

The mean age of the patients was 50.3 ± 13.3 years.
Patients with T1DM were significantly younger, leaner,
and had lower blood pressure, better lipid metabolic
parameters; however, they had higher FPG and HbA1c
levels than those with T2DM. Patients with T1DM were
less insulin-resistant, less likely to undergo diet modifica-
tion, be engaged in exercise, or need a lipid-lowering
therapy than those with T2DM [Table 1].
S- or U-shaped associations between HOMA2-IR or
postprandial C-peptide and the risk of dyslipidemia in T1DM
and T2DM

We modeled the associations of HOMA2-IR and post-
prandial C-peptide with the risk of dyslipidemia using
RCS models in T1DM and T2DM after adjustment for
age, sex, HOMA2-IR (or postprandial C-peptide where
appropriate), current smoking, current drinking, BMI,
HbA1c, SBP, lipid-lowering treatment, oral anti-diabetic
treatment, and insulin treatment [Figures 2 and 3].

The associations of HOMA2-IR and the risks of
dyslipidemia (high TG, low HDL-C, and high LDL-C)
were S-shaped in T1DM with a positively linear associa-
tion when HOMA2-IR was between 0.5 and 1.5 to 2.0
[Figure 2A–C]. However, in patients with T2DM,
HOMA2-IR was positively associated with the risk of
dyslipidemia when HOMA2-IR <2.0 and leveled off for
the risk of high TG and lowHDL-C and showed a negative
associationwith the risk of high LDL-CwhenHOMA2-IR
>2.0 [Figure 2D–F].

https://www.dtu.ox.ac.uk/homacalculator/
https://www.dtu.ox.ac.uk/homacalculator/
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Figure 2: Associations of HOMA2-IR with risk of dyslipidemia in T1DM (A-C) and T2DM (D-F). The curves and the gray region stand for the spline lines and 95% CIs for high TG (A, D), low
HDL-C (B, E), and high LDL-C (C, F). High TG was defined as TG>1.7 mmol/L, low HDL-C was defined as HDL-C<1.0 mmol/L in males and 1.3 mmol/L in females, high LDL-C was defined
as LDL-C >2.6 mmol/L. CIs: Confidence intervals; HOMA2-IR: Homeostasis model assessment of insulin resistance; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density
lipoprotein cholesterol; T1DM: Type 1 diabetes mellitus; T2DM: Type 2 diabetes mellitus; TG: Triglyceride.

Table 1: Characteristics of the study participants with newly diagnosed diabetes.

Characteristics T1DM T2DM Statistics P values

n 1158 14,770
Age (years) 43.1 ± 14.8 50.8 ± 13.0 –17.347

∗
<0.001

Male, n (%) 674 (58.2) 8868 (60.0) 1.508‡ 0.231
BMI (kg/m2) 21.8 ± 3.7 24.8 ± 3.6 –26.437

∗
<0.001

FPG (mmol/L) 9.4 ± 4.2 9.1 ± 3.5 2.591
∗

0.002
HbA1c (%) 10.7 ± 3.2 9.4 ± 2.7 13.858

∗
<0.001

SBP (mmHg) 121.0±15.8 127.8 ± 16.3 –13.462
∗

<0.001
DBP (mmHg) 76.5 ± 10.7 80.2 ± 10.5 –11.017

∗
<0.001

Waist circumference (cm) 81.3 ± 10.5 88.4 ± 10.6 –21.278
∗

<0.001
PPG (mmol/L) 16.7 ± 6.6 15.3 ± 5.7 6.651

∗
<0.001

TG (mmol/L) 1.2 (0.8–1.8) 1.7 (1.2–2.7) 19.617† <0.001
TG >1.7 mmol/L, n (%) 336 (29.0) 7587 (51.3) 214.603‡ <0.001
Total cholesterol (mmol/L) 4.5 ± 1.3 4.8 ± 1.3 –8.050

∗
<0.001

LDL-C (mmol/L) 2.7±1.0 2.9 ± 1.0 –5.230
∗

<0.001
LDL-C >2.6 mmol/L, n (%) 582 (50.3) 8846 (59.9) 41.248‡ <0.001
HDL-C (mmol/L) 1.2 (1.0–1.5) 1.1 (0.9–1.3) –6.699† <0.001
HDL-C <1.0 mmol/L, male, <1.3 mmol/L female, n (%) 459 (39.6) 7153 (48.4) 32.266† <0.001
Family history of diabetes, n (%) 275 (24.1) 4233 (29.3) 13.906‡ <0.001
Fasting C-peptide (nmol/L) 200.0 (81.3–409.0) 566.2 (363.3–803.0) 33.587† <0.001
Postprandial C-peptide (nmol/L) 423.5 (160.0–964.5) 1435.2 (879.9–2243.1) 34.357† <0.001
HOMA2-IR 0.6 (0.2–1.2) 1.5 (1.0–2.2) 32.241† <0.001
Current smoking, n (%) 350 (30.6) 4382 (30.0) 0.137‡ 0.737
Current drinking, n (%) 159 (14.0) 2594 (17.9) 11.265‡ <0.001
Diet treatment, n (%) 547 (54.3) 6836 (62.3) 24.829‡ <0.001
Physical activity, n (%) 451 (44.8) 5835 (53.2) 26.031‡ <0.001
Lipid lowering drugs, n (%) 66 (5.7) 1611 (12.4) 30.944‡ <0.001
Insulin treatment, n (%) 291 (25.5) 1159 (8.0) 385.717‡ <0.001

Data are presented as mean ± SD, median (interquartile range), or n (%). Comparisons were performed with Mann-Whitney test or t test for
continuous variables depending on the normal distribution and the chi-square test for categorical variables. P value <0.05 was considered significant.∗
t values. †Z values. ‡x2 values. BMI: Body mass index; DBP: Diastolic blood pressure; FPG: Fasting plasma glucose; HbA1c: Hemoglobin A1c; HDL-

C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; PPG: Postprandial plasma glucose; SBP: Systolic blood pressure;
SD: Standard deviation; T1DM: Type 1 diabetes mellitus; T2DM: Type 2 diabetes mellitus; TG: Triglyceride.
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The associations of BCF (estimated by postprandial
C-peptide) and the risk of dyslipidemia were different in
T1DM compared with those in T2DM. In patients with
T1DM, there was a U-shaped association between
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postprandial C-peptide and the risk of dyslipidemia with
the highest/lowest risk related to postprandial C-peptide
of about 500 to 1000 pmol/L [Figure 3]. In patients with
T2DM, however, postprandial C-peptide was positively

http://www.cmj.org


Figure 3: Associations of prandial C-peptide with risk of dyslipidemia in T1DM (A–C) and T2DM (D–F). The curves and the gray region stand for the spline lines and 95% CIs for high TG (A,
D), low HDL (B, E), and high LDL (C, F). High TG was defined as TG >1.7 mmol/L, low HDL-C was defined as HDL-C <1.0 mmol/L in males and 1.3 mmol/L in females, high LDL-C was
defined as LDL-C >2.6 mmol/L. CIs: Confidence intervals; HDL-C: High-density lipoprotein cholesterol; HOMA2-B: Homeostasis model assessment of beta-cell function; LDL-C: Low-
density lipoprotein cholesterol; T1DM: Type 1 diabetes mellitus; T2DM: Type 2 diabetes mellitus; TG: Triglyceride.
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associated with the risk of high TG when <1000 pmol/L
and then started to fall until about 2500 pmol/L [Figure 3].
There was a U-shaped association between postprandial
C-peptide and the risk of low HDL-C with the lowest
risk related to postprandial C-peptide of 2000 pmol/L.
Postprandial C-peptide was positively associated with the
risk of high LDL-C in patients with T2DM [Figure 3].

From above, the risk of abnormal lipid metabolism started
to change steeply mainly from 1 to 2 of HOMA2-IR and at
1000 pmol/L of postprandial C-peptide, therefore, we
selected these values as threshold points for further logistic
regression analysis.
Associations between HOMA2-IR and the risk of
dyslipidemia in T1DM and T2DM

The risks of dyslipidemia (high TG, low HDL-C, and high
LDL-C) associated with HOMA2-IR were estimated by
both univariate logistic regression and multivariable
logistic regression with adjustments for age, sex, BCF
categories, current smoking, current drinking, BMI,
HbA1c, SBP, lipid-lowering treatment, oral anti-diabetic
treatment, and insulin treatment in T1DM and T2DM
[Table 2]. In patients with T1DM, high HOMA2-IR was
associated with an elevated risk of high TG (P for trend
<0.001), and low HDL-C (P for trend = 0.005) in
univariable regression models; however, it was only
associated with an increased risk of high TG (ORs of
HOMA2-IR ≥2, ≥1–<2 vs. <1: 4.20, 95% CI 2.26–7.90;
2.05, 95% CI 1.33–3.13, P for trend <0.001) after
adjustment for potential confounders [Table 2]. When
T1DMwas further divided into classic T1DM and LADA,
high HOMA2-IR was only associated with an elevated
risk of high TG in patients with classic T1DM (P for trend
<0.05) and LADA (P for trend <0.001) after adjustment
for potential confounders [Supplementary Table 1, http://
links.lww.com/CM9/A994]. In patients with T2DM, high
HOMA2-IR was associated with an elevated risk of high
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TG, lowHDL-C, and high LDL-C (all P for trend�0.001)
in univariable regression models but was only associated
with an increased risk of high TG (ORs of HOMA2-IR
≥2, ≥1�<2 vs. <1: 2.56, 95% CI: 2.26–2.91; 1.61, 95%
CI 1.45–1.79, P for trend <0.001) and low HDL-C (ORs
of HOMA2-IR ≥2, ≥1�<2 vs. <1: 1.64, 95% CI 1.45–
1.86; 1.26, 95% CI 1.13–1.40, P for trend <0.001) after
adjustment for potential confounders. HOMA-IR was
not associated with high LDL-C in patients with T1DM
or T2DM after adjustment for potential confounders
[Table 2].
Associations between postprandial C-peptide and risk of
dyslipidemia in T1DM and T2DM

The risks of dyslipidemia (high TG, low HDL-C, and high
LDL-C) associated with postprandial C-peptide were
estimated by both univariate logistic regression and
multivariable logistic regression with adjustments for
age, sex, IR categories, current smoking, current drinking,
BMI, HbA1c, SBP, lipid-lowering treatment, oral anti-
diabetic treatment, and insulin treatment in T1DM and
T2DM [Table 3]. In patients with T1DM, low postpran-
dial C-peptide was not associated with the risks of
dyslipidemia in both the univariable analysis and the
multivariable analysis (P > 0.05). When T1DM was
further divided into classic T1DM and LADA, low
postprandial C-peptide was not associated with the
risks of dyslipidemia in patients with classic T1DM or
LADA after adjustment for potential confounders
[Supplementary Table 2, http://links.lww.com/CM9/
A994]. While in patients with T2DM, low postprandial
C-peptide, i.e., <1000 pmol/L vs. ≥1000 pmol/L, was
associated with an increased risk of high LDL-C in
univariable analysis (OR: 1.14, 95% CI 1.05–1.23,
P = 0.001) but not in multivariable analysis. Postpran-
dial C-peptide was not associated with high TG and low
HDL-C in patients with T2DM after adjustment for
potential confounders [Table 3].

http://links.lww.com/CM9/A994
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Table 2: OR of IR for abnormal lipid profile in T1DM and T2DM.

High TG Low HDL-C High LDL-C

IR n (%) OR (95% CI) P values n (%) OR (95% CI) P values n (%) OR (95% CI) P values

Univariable

T1DM <0.001
∗

0.005
∗

0.166
∗

High (≥2) 67 (62.6) 5.98 (3.61–10.02) <0.001 55 (51.4) 1.89 (1.17–3.07) 0.010 66 (61.7) 1.41 (0.87–2.30) 0.168

Median (≥1�<2) 93 (38.0) 2.19 (1.54–3.11) <0.001 108 (44.1) 1.39 (1.00–1.93) 0.052 133 (54.3) 1.14 (0.82–1.58) 0.444

Low (<1) 176 (21.8) Ref 296 (36.7) Ref 383 (47.5) Ref

T2DM <0.001
∗

<0.001
∗

0.001
∗

High (≥2) 2913 (65.6) 3.32 (3.01–3.67) <0.001 2509 (56.5) 1.84 (1.67–2.02) <0.001 2735 (61.6) 1.22 (1.11–1.35) <0.001

Median (≥1�<2) 3233 (50.0) 1.73 (1.59–1.89) <0.001 3017 (46.7) 1.23 (1.13–1.34) <0.001 3858 (59.7) 1.11 (1.02–1.21) 0.016

Low (<1) 1441 (37.3) Ref 1627 (42.1) Ref 2253 (58.3) Ref

Multivariable

T1DM <0.001
∗

0.238
∗

0.987
∗

High (≥2) 67 (62.6) 4.20 (2.26–7.90) <0.001 55 (51.4) 1.29 (0.71 –2.36) 0.401 66 (61.7) 0.92 (0.51–1.67) 0.790

Median (≥1�<2) 93 (38.0) 2.05 (1.33–3.13) <0.001 108 (44.1) 1.32 (0.88 –1.97) 0.176 133 (54.3) 1.09 (0.74–1.62) 0.649

Low (<1) 176 (21.8) Ref 296 (36.7) Ref 383 (47.5) Ref

T2DM <0.001
∗

<0.001
∗

0.275
∗

High (≥2) 2913 (65.6) 2.56 (2.26–2.91) <0.001 2509 (56.5) 1.64 (1.45–1.86) <0.001 2735 (61.6) 1.07 (0.95–1.21) 0.277

Median (>1�<2) 3233 (50.0) 1.61 (1.45–1.79) <0.001 3017 (46.7) 1.26 (1.13–1.40) <0.001 3858 (59.7) 1.03 (0.93–1.15) 0.558

Low (<1) 1441 (37.3) Ref 1627 (42.1) Ref 2253 (58.3) Ref

The univariate model was adjusted for BCF categories; the multivariate model was adjusted for age, sex, BCF categories, current smoking status,
current drinking status, BMI, HbA1c, SBP, use of lipid lower drugs, use of oral antidiabetic drugs, and insulin treatment. P value<0.05 was considered
significant.

∗
P for trend. BCF: Beta-cell function; BMI: Body mass index; CI: Confidence interval; HbA1c: Hemoglobin A1c; HDL-C: High-density

lipoprotein cholesterol; IR: Insulin resistance; LDL-C: Low-density lipoprotein cholesterol; n: study number; OR: Odds ratio; SBP: Systolic blood
pressure; T1DM: Type 1 diabetes mellitus; T2DM: Type 2 diabetes mellitus; TG: Triglyceride.

Table 3: OR of postprandial C-peptide for abnormal lipid profile in T1DM and T2DM.

High TG Low HDL-C High LDL-C

Postprandial C-peptide (pmol/L) n (%) OR (95% CI) P values n (%) OR (95% CI) P values n (%) OR (95% CI) P values

Univariable

T1DM

High (≥1000) 116 (42.5) Ref 121 (44.3) Ref 161 (59.0) Ref

Low (<1000) 220 (24.9) 1.00 (0.69–1.46) 0.983 338 (38.2) 1.05 (0.74–1.49) 0.787 421 (47.6) 0.73 (0.51–1.03) 0.072

T2DM

High (≥1000) 5506 (53.8) Ref 5064 (49.4) Ref 6088 (59.4) Ref

Low (<1000) 2081 (46.0) 1.07 (0.99–1.16) 0.074 2089 (46.1) 1.06 (0.98–1.15) 0.146 2758 (60.9) 1.14 (1.05–1.23) 0.001

Multivariable

T1DM

High (≥1000) 116 (42.5) Ref 121 (44.3) Ref 161 (59.0) Ref

Low (<1000) 220 (24.9) 0.90 (0.56–1.46) 0.676 338 (38.2) 1.01 (0.65–1.57) 0.974 421 (47.6) 0.73 (0.47–1.11) 0.141

T2DM

High (≥1000) 5506 (53.8) Ref 5064 (49.4) Ref 6088 (59.4) Ref

Low (<1000) 2081 (46.0) 0.91 (0.81–1.01) 0.069 2089 (46.1) 1.09 (0.98–1.21) 0.118 2758 (60.9) 0.91 (0.82–1.01) 0.078

The univariate model was adjusted for IR categories; the multivariate model was adjusted for age, sex, IR categories, current smoking status, current
drinking status, BMI,HbA1c, SBP, use of lipid lower drugs, use of oral antidiabetic drugs, and insulin treatment. BMI: Bodymass index; CI: Confidence
interval; HbA1c: Hemoglobin A1c; HDL-C: High-density lipoprotein cholesterol; IR: Insulin resistance; LDL-C: Low-density lipoprotein cholesterol;
OR: Odds ratio; SBP: Systolic blood pressure; T1DM: Type 1 diabetes mellitus; T2DM: Type 2 diabetes mellitus; TG: Triglyceride.
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Discussion

In this study, we found that high IR as estimated by
HOMA-IR had different associations with the risk of
dyslipidemia in patients with newly-onset T1DM and
T2DM. In T1DM, high IR was associated with the risk of
high TG while in T2DM, high IR was associated with
increased risks of high TG and low HDL-C in multivari-
able analysis.
2559
Studies in different populations reported consistent
findings regarding the associations between IR and
dyslipidemia. High TG and low HDL-C were associated
with an increased IR in Chinese elderly patients with
newly-onset diabetes[14] and Japanese non-obese patients
with T2DM.[15] The Coronary Artery Calcification in the
Type 1 Diabetes Study found that high TG but not HDL-C
or LDL-C was inversely associated with glucose infusion
in American adult patients with T1DM.[16] The first study
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only included elderly patients and the latter two cohorts
had an 8-year and 23-year duration of diabetes. Our study
confirmed the above findings using a large representative
sample of patients with newly diagnosed diabetes.

The associations of IR with high TG and low HDL-C are
biologically plausible. Lipid abnormalities associated with
IR are very likely to be initiated by the resistance of
adipocytes to insulin. Insulin-resistant fat cells lead to
increased hydrolysis of TGs and release of fatty acids to
the liver.[17] This can increase TG synthesis in the liver and
stimulate the assembly and secretion of very-low-density
lipoprotein (VLDL), the main transporter of fasting TG
and is a major contributor to hypertriglyceridemia.[18]

Decreased degradation of apolipoprotein B, the predomi-
nant surface protein of VLDL, was seen within the IR
states resulting from increased free fatty acids, thus
causing an overproduction of VLDL.[19] An increase in
TG-rich lipoproteins is often associatedwith an increase in
small dense LDL and a decrease in HDL levels. Hyper-
triglycer-idemia stimulates the transfer of TG-rich lip-
oproteins to HDL and LDL in exchange for cholesteryl
esters,[20] leading to an increased HDL and LDL TG
content. Furthermore, the TG content is then converted to
small dense LDL and small HDL. The expression of Apo-I,
which can dissociate from TG-rich HDL, is decreased in
patients with diabetes or IR states, leading to a reduction
in HDL levels.[17]

In this study, we did not detect the associations between
BCF and the risks of dyslipidemia in patients with T1DM
or T2DM. A previous study has shown that log (TG)/
HDL-C was associated with BCF in patients with T2DM,
but these patients had a long disease duration of 14(9)
years.[21] Moreover, Dullaart et al[22] found that bCf was
not significantly correlated with HDL-C in patients with
well-controlled T2DM but was significantly correlated
with HDL functional biomarkers.

A biological link between low BCF and abnormal lipid
metabolism is also plausible. Excess exposure of beta-cells
to free fatty acids can decrease beta-cell secretory function
and cause cellular death.[23] Moreover, insulin plays a
central role in the regulation of lipid metabolism. Insulin
inhibits lipolysis in the adipose tissue resulting in reduced
circulating free fatty acids. Insulin also inhibits VLDL
production and promotes the catabolism of TG-rich
lipoproteins by activating lipoprotein lipase.[24] Thus, a
relative insulin deficiency could increase VLDL produc-
tion resulting in hypertriglyceridemia. Insulin also stim-
ulates the clearance of LDL by increasing LDL receptor
expression and activity.[25] However, we did not observe
the significant associations between BCF and risk of
dyslipidemia in those with T1DM or T2DM. Possible
explanations could be: (1) T2DM is primarily character-
ized by IR instead of BCF, the prevalence of BCF in T2DM
is low. (2) The prevalence of dyslipidemia in T1DM is
relatively low. Lipid abnormalities in T1DM are more
frequent in those with poor glycemic control,[26] which is
observed in several studies.[27-29] The lipid profile is similar
in T1DM patients with good glycemic control and within
the general population.[3] (3) An earlier study showed that
insulin therapy might resolve lipid abnormalities in 24 h in
2560
T1DM patients with diabetic ketoacidosis, by increasing
TG-rich lipoprotein catabolism.[30] This finding may
suggest that dyslipidemia affected by insulin insufficiency
can be rapidly resolved by insulin treatment in T1DM.

Our study has clinical significance. We found that high
IR is associated with an increased risk of high TG in
T1DM. Evidence also showed that anti-diabetic drugs
like glucagon-like peptide-1 receptor agonists (exenatide),
sodium-glucose cotransporter 2 inhibitors, and metformin
combined with insulin treatment have some beneficial
effects in T1DM, such as contributing to weight loss or
reducing insulin requirements.[31-34] These findings
suggest that such anti-diabetic drugs combined with
insulin therapy may potentially benefit lipid metabolism
by increasing insulin sensitivity and improving CVD
outcomes in patients with T1DM, especially for those
with obesity and IR.

Our study has some limitations. First, our study was a
cross-sectional survey, and causality cannot be estab-
lished. It is also possible that some of the associations
between high IR with high TG and low HDL-C had
reverse causal relationships. Second, the use of drugs,
especially, lipid-lowering drugs may have major con-
founding effects on our conclusions. Although informa-
tion regarding the use of these drugs was documented
and we made careful adjustments for use of those drugs.
The adjustment cannot completely remove all of their
confounding effects and residual confounding effects may
be significant. Third, newly-onset diagnosed patients may
have BCF inhibition due to high glucose levels, resulting in
lower serum C-peptide and HOMA2-IR in those with
poor glycemic control; thus, leading to inaccurate
estimations of these associations in the study.

To conclude, in patients with newly diagnosed diabetes,
IR had different associations with risk of dyslipidemia in
T1DM and T2DM, supporting early use of anti-diabetic
therapies that improve IR because it may have beneficial
effects for lipid metabolism and therefore, reduced risk of
CVD in the future.
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