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Purpose: Diabetes is an important contributor to the progression of atherosclerosis (AS). We aimed to investigate the correlation 
between ketosis episodes and lipid-related parameters in patients with new-onset ketosis-prone type 2 diabetes (KPT2D), further 
attempting to assess the impact of ketosis episodes on AS.
Patients and Methods: A cross-sectional study of 147 subjects with new-onset diabetes was performed, including 65 KPT2D 
subjects (KPT2D group) and 82 non-ketotic type 2 diabetes (T2D) (T2D group) subjects. Anthropometric and biochemical parameters 
were measured in all subjects. Calculation of atherogenic index of plasma (AIP) by traditional lipid parameters.
Results: The AIP (P = 0.008) level and the percentage of AIP ≥ 0.24 (P = 0.026) in subjects with KPT2D were higher than in subjects 
with T2D. The apoA1 (P = 0.001) levels were significantly lower in patients with KPT2D than in patients with T2D. In the KPT2D 
group, plasma ketones were positively correlated with AIP (P = 0.023) and negatively correlated with apoA1 (P = 0.002). Univariate 
logistic regression suggested that plasma ketone (OR = 1.704, P = 0.040) was an important related factor for the AS in subjects with 
KPT2D. Multiple linear regression suggested plasma ketone was significantly positive with AIP (β = 0.437, P = 0.020). In multiple 
linear regression analysis suggests that apolipoprotein A1 (β = –0.335, P = 0.033) is strongly associated with ketotic episodes in newly 
diagnosed ketosis-prone type 2 diabetic patients.
Conclusion: Ketosis episodes in patients with KPT2D were significantly and positively associated with elevated AIP levels and 
reduced apoA1 levels. Frequent ketosis episodes may accelerate the progression of AS.
Keywords: ketosis onset, ketosis-prone type 2 diabetes, lipid metabolism, atherosclerosis, atherogenic index of plasma

Introduction
Currently, diabetes is widespread worldwide. Type 2 diabetes (T2D) is expected to increase to 439 million by 2030.1 

Recently, diabetes mellitus with spontaneous ketosis or ketoacidosis as the first symptom has attracted attention. This 
type of diabetes is now often known as “ketosis-prone type 2 diabetes” (KPT2D)2 and defined KPT2D as a hybrid form 
of diabetes.3 Compared to type 1 diabetes (T1D), KPT2D retains better islet β-cell function. Compared to classical T2D, 
KPT2D exhibits transient islet β-cell suppression and has a strong family history of diabetes.4 A retrospective study in 
China found that patients with newly diagnosed KPT2D had significantly higher blood glucose levels and significantly 
lower islet cell function during ketosis episodes compared with patients with T2D.5 Studies have shown that 90% of 
these people will experience a ketosis episode within 10 years.3 Frequent episodes of ketosis in diabetic patients increase 
the morbidity and mortality of vascular disease.6

The abnormalities of lipid metabolism are a recognized risk factor for cardiovascular disease (CVD).7 Studies have 
shown that the prevalence of the metabolic syndrome is increased in subjects with young KPT2D than in subjects with 
T1D. In particular, subjects with KPT2D have lower High-density lipoprotein cholesterol (HDL-C) and higher triglycer-
ides (TG) and Low-density lipoprotein cholesterol (LDL-C) compared to T1D.8 Current guidelines state that the main 

Diabetes, Metabolic Syndrome and Obesity 2023:16 3085–3094                                         3085
© 2023 He et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity                                           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 13 May 2023
Accepted: 14 September 2023
Published: 5 October 2023

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-1274-8169
http://orcid.org/0000-0002-0711-2385
http://orcid.org/0000-0003-1869-9633
http://orcid.org/0000-0002-7228-2225
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


therapy focuses on lowering LDL-C, but even if LDL-C is normal, dyslipidemia can increase the risk of CVD.9 HDL has 
a direct atheroprotective effect on different cells within the atherosclerotic plaque.10 The body can excrete cholesterol and 
other lipids by reverse transportation of cholesterol, thus preventing atherosclerosis. ApoA1 is an important component 
of HDL and plays a key role in the reverse cholesterol transport.11

An atherogenic index may be better in detecting diabetic cardiovascular aspects within the normal range of conventional 
lipids.12 Many clinical studies have endeavored to introduce a better marker of atherosclerotic dyslipidemia.13 Both TG and 
HDL are associated with the development of atherosclerosis (AS), and the atherogenic index of plasma (AIP) was derived 
from the basis of these two factors. It reflects the interaction between atherogenic and protective lipoproteins.9 Shabnam 
Niroumand et al showed that AIP was significantly related to exercise and body mass index (BMI), which are important risk 
factors for AS. AIP is considered to be a useful monitoring indicator for CVD in subjects with cardiovascular risk factors.13 

Some studies have shown that AIP values < 0.11 are relevant to less risk of CVD; values of AIP in the range of 0.11–0.21 
and AIP > 0.21 are related to moderate and higher risk, respectively.14 In addition, in a longitudinal study, maintaining high 
AIP, low to high AIP, and high to low AIP were related to T2D.15 Many studies have demonstrated that AIP is associated 
with both the development of AS and the development of diabetes.

However, there are no studies on the correlation between ketosis episodes and lipid-related parameters in patients 
with KPT2D. Therefore, the purpose of this study was to investigate the relationship between ketosis episodes and lipid- 
related parameters in patients with KPT2D.

Patients and Methods
Study Design
This cross-sectional study strictly adheres to the Declaration of Helsinki. The work was approved by the Hebei General 
Hospital Ethics Committee (NO. 2023015). All subjects’ information was kept confidential. Each subject has signed an 
informed consent form.

Subjects Collected
The subjects of the study were 147 newly diagnosed diabetic patients attending the Hebei General Hospital from January 2017 
to December 2020, including 65 new-onset patients with KPT2D (KPT2D group) and 82 new-onset non-ketotic type 2 
diabetics (T2D group), all aged >18 years. All diagnoses conformed to the definition of the 2006 America Diabetes 
Association diagnostic criteria. Inclusion and exclusion criteria are shown in Table 1.

Clinical Data Collection
Physical and biochemical examinations were performed on all subjects upon admission. Basic information includes 
gender, age, weight, height, blood pressure, and BMI. The standard formula was used to calculate the BMI of the 
subjects. BMI = weight (kg)/height2 (m2). Venous blood samples were collected in the next morning after overnight 
fasting for at least 8 h. laboratory examinations indicators are total protein, albumin (ALB), blood uric acid (UA), blood 
urine nitrogen (BUN), blood creatinine (SCr), gamma-glutamyl transpeptidase (GGT), glomerular filtration rate (GFR), 
aspartate aminotransferase (AST), alanine aminotransferase (ALT), Apolipoprotein B (apoB), Apolipoprotein A1 
(apoA1), TG, total cholesterol (TC), HDL-C, LDL-C, hemoglobin A1c (HbA1c), FCP level, fasting insulin level, and 
fasting blood glucose (FBG). Assessment of insulin resistance (HOMA-IR) and β cell function (HOMA-β) using 
homeostatic models. HOMA-IR = fasting insulin × FBG/22.5; HOMA-β = 20 × fasting insulin level / (FBG - 3.5). 
The AIP was computed as follows: AIP = log10 (TG/HDL-C). The likelihood of developing AS was assessed with the 
AIP. AIP ≥ 0.24 were considered to have a higher cardiovascular risk.16

Statistical Analysis
The data was analyzed using SPSS 26.0. Data that did not fit the normal distribution were expressed as the median 
(quartile) and the Mann–Whitney test to assess difference between two groups. Normally distributed data were given as 
mean ± S.D. and analyzed using the t-test. Categorical variables were demonstrated by percentages, and analyzed using 
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χ2 tests. The correlation between plasma ketones and lipid-related parameters was assessed by calculating the correlation 
coefficient. Logistic regression and multiple linear regression analysis of the relationship between ketosis episodes and 
lipid-related parameters. P value < 0.05 was considered significant.

Results
Comparison of Clinical Characteristics and Anthropometric Features
The subjects of the KPT2D group were younger than the T2D group (P < 0.001) (Table 2). Height was significantly 
elevated in subjects with KPT2D than in subjects with T2D (P = 0.006). The KPT2D group had a significant 
predominance of males compared with the T2D group (P = 0.024), but no statistical significance differences in blood 
pressure, weight, and BMI, in T2D and KPT2D groups.

Comparison of Biochemical Analysis Between the Groups
Compared with subjects with T2D, the levels of GFR (P = 0.035), FBG (P < 0.001), and HbA1c (P < 0.001) were 
increased in subjects with KPT2D (Table 3). The total protein (P = 0.029), fasting insulin (P = 0.001), FCP (P < 0.001), 
and HOMA-β (P < 0.001) were significantly decreased in the KPT2D group than in the T2D group. No significant 
differences in ALT, ALB, AST, GGT, SCr, BUN, UA, and HOMA-IR between the 2 groups.

Table 2 Comparison of Clinical Characteristics and Anthropometric Features

Variable KPT2D Group (n=65) T2D Group (n=82) P-value

Age, years 39.00 (31.00, 53.00) 51.00 (39.75, 60.00) <0.001
Male Gender, % 50.00 (76.90%) 48.00 (59.30%) 0.024

Height, cm 170.57 ± 8.87 166.94 ± 7.79 0.006

Weight, kg 76.00 (68.00, 93.00) 73.35 (65.00, 82.48) 0.177
SBP, mmHg 128.00 (117.00, 136.00) 130.5 (120.00, 143.25) 0.088

DBP, mmHg 85.00 (74.00, 91.00) 84.00 (76.75, 91.00) 0.512

BMI, kg/m2 26.81 (23.83, 30.09) 26.48 (23.57, 29.56) 0.518

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; KPT2D, 
ketosis-prone type 2 diabetes; T2D, type 2 diabetes.

Table 1 Inclusion and Exclusion Criteria

Inclusion criteria T2D Diabetes duration ≤ 3 months

Plasma ketones < 0.6 mmol/L and negative urinary ketone bodies, no DKA episodes

FCP > 1.1 mmol/L

Without islet-associated autoantibodies

KPT2D Diabetes duration ≤ 3 months

Urinary ketones ≥ 2+ or plasma ketones ≥ 1 mmol/L at diagnosis

FCP > 1.1 mmol/L or peak C-peptide (oral glucose tolerance test) > 1.5 mmol/L

Without islet-associated autoantibodies

Exclusion criteria With long-term alcohol consumption and fasting

With pregnancy, pancreatitis, and malignant tumors

With other endocrine disorders and specific types of diabetes mellitus

With serious liver, kidney, heart or lung diseases

Abbreviations: FCP, fasting C-peptide; KPT2D, ketosis-prone type 2 diabetes; T2D, type 2 diabetes.
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AIP (P = 0.008) was significantly increased in the KPT2D than in the T2D. The TC (P = 0.010), TG (P = 0.045), 
LDL-C (P = 0.005), and apoB (P = 0.006) were significantly increased in participants with KPT2D than in participants 
with T2D, while apoA1 (P = 0.001) was decreased. No significant difference was seen in HDL-C level between subjects 
with KPT2D and those with T2D.

Subgroup Analysis Between KPT2D and T2D Groups
According to the AIP level, the KPT2D group and the T2D group were further divided into AIP ≥ 0.24 and AIP < 0.24 
groups, respectively (Figure 1). The percentage of subjects with AIP ≥ 0.24 was significantly elevated in participants in 
KPT2D group compared with the T2D (P = 0.026).

Correlation Analysis of Plasma Ketones and Lipid-Related Parameters in Patients with 
KPT2D
Figure 2 showed the association between the plasma ketones and AIP in subjects with KPT2D. In the KPT2D group, 
plasma ketones showed a significant positive correlation with AIP (R = 0.345, P = 0.023).

(Figure 3A) shows the relationship between plasma ketones and apoA1 in patients with KPT2D (R = −0.460, P = 
0.002). (Figure 3B) shows the relationship between plasma ketones and apoB in subjects with KPT2D (R = −0.142, 
P = 0.363).

Table 3 Comparison of Biochemical Analysis Between the Groups

Variable KPT2D Group (n=65) T2D Group (n=82) P-value

Total protein, g/L 65.42 ± 7.55 68.00 ± 6.45 0.029
Albumin, g/L 40.44 ± 5.47 42.09 ± 3.54 0.051

ALT, U/L 24.15 (16.88, 49.25) 20.90 (15.43, 31.70) 0.158

AST, U/L 22.80 (15.03, 34.80) 19.40 (16.15, 26.53) 0.368
GGT, mmol/L 36.10 (21.70, 61.90) 31.20 (21.65, 44.00) 0.224

BUN, mmol/L 4.75 (3.83, 5.85) 4.84 (4.30, 6.08) 0.387

SCr, μmol/L 65.35 (55.40, 74.43) 62.55 (52.20, 72.70) 0.362
GFR, mL/min 110.47 (100.74, 124.69) 104.88 (96.40, 114.59) 0.035

Serum uric acid, umol/L 337.65 (266.03, 431.15) 317.25 (262.65, 369.80) 0.129
FBG, mmol/L 12.37 (9.81, 16.00) 8.80 (7.20, 11.24) <0.001

HbA1c, % 12.00 (11.00, 13.20) 10.1 (8.48, 11.33) <0.001

Fasting insulin, mmol/L 5.18 (3.21, 11.14) 10.39 (6.69, 19.89) 0.001
Fasting C-peptide, mmol/L 1.46 (1.10, 2.12) 2.82 (1.88, 3.47) <0.001

HOMA-IR 2.94 (1.92, 5.36) 5.54 (2.12, 7.91) 0.119

HOMA-β 12.79 (6.67, 32.54) 45.40 (24.59, 84.26) <0.001
TC, mmol/L 5.15 (4.65, 6.36) 4.95 (4.07, 5.71) 0.010

TG, mmol/L 1.99 (1.27, 4.11) 1.52 (1.16, 2.44) 0.045

HDL-C, mmol/L 0.94 (0.77, 1.17) 1.05 (0.88, 1.25) 0.081
LDL-C, mmol/L 3.55 (3.10, 4.26) 3.20 (2.52, 3.76) 0.005

apoA1, mmol/L 0.98 (0.82, 1.23) 1.20 (1.01, 1.40) 0.001

apoB, mmol/L 0.93 (0.83, 1.19) 0.86 (0.69, 1.03) 0.006
AIP 0.34 (0.11, 0.67) 0.18 (−0.02, 0.39) 0.008

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl transpeptidase; 
BUN, blood urea nitrogen; SCr, serum creatinine; GFR, glomerular filtration rate; FBG, fasting blood glucose; HbA1c, 
glycosylated hemoglobin; TC, serum total cholesterols; TG, serum triglycerides; HDL-C, high-density lipoprotein choles-
terol; LDL-C, low-density lipoprotein cholesterol; apoA1, Apolipoprotein A1; apoB, Apolipoprotein B; AIP, atherogenic 
index of plasma; KPT2D, ketosis-prone type 2 diabetes; T2D, type 2 diabetes.
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Figure 1 Subgroup analysis between KPT2DM and T2D groups. P = 0.026. *P<0.05. 
Abbreviations: AIP, atherogenic index of plasma; KPT2D, ketosis-prone type 2 diabetes; T2D, type 2 diabetes.

Figure 2 Correlation Analysis of Plasma Ketones and AIP in Patients with KPT2D. R = 0.345 P = 0.023. 
Abbreviation: AIP, atherogenic index of plasma.

Figure 3 (A) Correlation Analysis of Plasma Ketones and ApoA1 in Patients with KPT2D. R = −0.460 P = 0.002. (B) Correlation Analysis of Plasma Ketones and ApoB in 
Patients with KPT2D. R = −0.142 P = 0.363. 
Abbreviations: ApoA1, Apolipoprotein A1; ApoB, Apolipoprotein B.
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Univariate Logistic Regression Analysis of the Relationship Between Plasma Ketones 
and AIP
Univariate logistic regression suggested that plasma ketones levels were a risk factor for AS in subjects with KPT2D (OR 
1.708 [95% Cl 1.018–2.865], P = 0.043) (Table 4).

Multiple Linear Regression of AIP and Relevant Indicators in KPT2D Patients
As shown in Table 5, for the KPT2D group, plasma ketones were positively correlated with AIP in the crude Model 1 (P 
= 0.001), Model 2 (P = 0.011) (adjusted for height, age, and gender), Model 3 (P = 0.038) (adjusted for height, age, 
gender, total protein, and GFR) and Model 4 (P = 0.020) (adjusted for height, age, gender, total protein, GFR, FBG, and 
HbA1c).

Multiple Linear Regression of apoA1 and Relevant Indicators in KPT2D Patients
As shown in Table 6, for the KPT2D group, plasma ketones were negatively correlated with apoA1 in the crude Model 1 
(P = 0.003), Model 2 (P = 0.021) (adjusted for age, gender, and BMI), Model 3 (P = 0.027) (adjusted for age, gender, 

Table 4 Parameters of the Binary Logistic Regression Model

Variables Univariate

OR (95% CI) P

Plasma Ketones, mmol/L 1.708 (1.018, 2.865) 0.043

Note: Adjusted variables in Univariate: plasma ketones. 
Abbreviation: OR, odds ratio.

Table 5 Multiple Linear Regression of AIP and Relevant Indicators in 
KPT2D Patients

B (95%Cl) SE β P

Model 1 0.099 (0.005, 0.315) 0.029 0.473 0.001

Model 2 0.082 (0.020, 0.143) 0.030 0.388 0.011
Model 3 0.072 (0.004, 0.139) 0.033 0.341 0.038

Model 4 0.092 (0.015, 0.169) 0.038 0.437 0.020

Notes: P<0.05 was considered significant. Model 1 was not corrected for any factors, Model 2 
(adjusted for gender, age, and height), Model 3 (adjusted for gender, age, height, total protein, 
and GFR) and Model 4 (adjusted for gender, age, height, total protein, GFR, FBG, and HbA1c). 
Abbreviations: B, Unstandardized Coefficients; SE, Standard Error; β, Standardized 
Regression Coefficient.

Table 6 Multiple Linear Regression of apoA1 and Relevant Indicators in 
KPT2D Patients

B (95%Cl) SE β P

Model 1 −0.073 (−0.118,-0.027) 0.023 −0.448 0.003

Model 2 −0.060 (−0.110,-0.010) 0.025 −0.370 0.021
Model 3 −0.052 (−0.098, −0.006) 0.023 −0.322 0.027

Model 4 −0.058 (−0.110, −0.005) 0.026 −0.335 0.033

Notes: P<0.05 was considered significant. Model 1 was not corrected for any factors, Model 2 
(adjusted for age, gender, and BMI), Model 3 (adjusted for age, gender, BMI, AIP, apoB, LDL, and HDL) 
and Model 4 (adjusted for age, gender, BMI, AIP, apoB, LDL, HDL, FBG, and HbA1c). 
Abbreviations: B, Unstandardized Coefficients; SE, Standard Error; β, Standardized Regression 
Coefficient.
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BMI, AIP, apoB, LDL, and HDL) and Model 4 (P = 0.033) (adjusted for age, gender, BMI, AIP, apoB, LDL, HDL, FBG, 
and HbA1c).

Discussion
AS is one of the most common macrovascular complications of diabetes and can increase the risk of cardiovascular 
events such as myocardial infarction, stroke and death. Metabolic changes in diabetes can also accelerate the develop-
ment of AS.17 It has been shown that AIP is significantly associated with lipoprotein particle size. AIP can be considered 
as an indicator of atherogenic lipoprotein status.13 Many evidences suggest that AIP is an important predictor of AS. The 
higher the AIP, the smaller the diameter of the small, dense low-density lipoprotein cholesterol (sdLDL) particles and the 
higher the risk of vascular sclerosis. The sdLDL can be replaced by AIP.18 In our study, the results suggested that the 
mean AIP was elevated than 0.11 in both KPT2D and T2D patients. This indicates that diabetic patients have a higher 
risk of atherosclerosis. AIP was significantly elevated in subjects with KPT2D than in subjects with T2D. Compared with 
the T2D group, the percentage of AIP above 0.24 was elevated in the KPT2D group. Our results suggested that patients 
with KPT2D may have a higher risk of AS compared to patients with T2D. This is the first study to explore the 
association between ketosis or ketoacidosis onset and AIP in KPT2D.

There are relatively few studies on the relationship between patients with KPT2D and AS. In those studies, the results 
were also inconsistent. In a cross-sectional study, the prevalence of carotid AS in participants with KPT2D was similar to 
that in participants with T2D, excluding age and gender factors.19 Li et al showed that the prevalence of lower limb AS in 
patients with KPT2D was similar to that of patients with T2D.20 However, in most hospitalized diabetic patients, carotid 
and lower limb ultrasonography is used to assess macrovascular disease. However, most previous studies have been 
based on imaging of a single region, which may underestimate the severity of AS. Wang et al indicated that the KPT2D 
group was positively associated with AS after adjusting for sex and age. After age-matching the KPT2D group to the 
T2D group, the prevalence of (lower limb or carotid) AS was significantly increased in participants with the KPT2D than 
in participants with T2D.21 They suggested that ketosis maybe play an important part in the progression of AS.

To assess the relationship between ketosis episodes and AIP in the KPT2D group, further results of this study showed 
that plasma ketones were positively correlated with AIP. The results of Univariate logistic regression suggested that 
plasma ketones levels are a risk factor for elevated AIP levels. Multiple linear regression showed that plasma ketones 
levels during ketosis episodes in the KPT2D group were significantly and positively correlated with AIP. Our results 
suggested that ketosis episodes in patients with KPT2D may increase the risk of AS.

Hyperketonemia is mainly caused by elevated blood acetoacetate, β-hydroxybutyrate, and acetone.22 We all know that 
endothelial cells play an important part in maintaining the function of blood vessels.23 Studies have demonstrated that 
lipid peroxidation in diabetic patients increases the evolutionary process of AS.24,25 In a previous study to determine 
whether blood ketones can generate oxygen free radicals, human umbilical vein endothelial cells (HUVEC) and ketone 
bodies (acetoacetate, β-hydroxybutyrate) were incubated at 37°C for 24 h and studied using a cell-free buffer solution. 
The results showed that acetoacetic acid produced superoxide anion radicals that caused elevated lipid peroxidation and 
growth suppression in HUVEC.26 SUSHIL et al showed that lipid peroxidation was significantly elevated in diabetic 
subjects with hyperketonemia compared to age-matched normal subjects, whereas there was no significant change in 
lipid peroxidation in non-ketotic diabetic subjects. Ketosis episodes are an important risk factor for elevated lipid 
peroxidation levels in diabetic patients.6 Thus, recurrent episodes of ketosis or ketoacidosis promote the progression 
of AS in patients with KPT2D. Prospective studies are demanded to further investigate the association between ketosis 
episodes and AS in KPT2D patients.

Regarding the lipid profile of KPT2D patients, our study suggested that TC, TG, LDL-C, and apoB in the KPT2D 
were increased when compared with the T2D, and apoA1 was decreased than in the T2D. This is the same as the results 
of previous studies. It is well known that the reverse cholesterol transport pathway works by transporting abnormally 
deposited cholesterol from peripheral tissue cells (including foam cells in atherosclerotic plaques) to the liver for 
excretion. This is the primary mechanism for inhibiting AS.27 HDL is the only plasma lipoprotein with anti-AS effects. 
ApoA1, the major structural protein, accounts for approximately 70% of the protein content of HDL.28 A recent study 
showed that apoA1 was negatively associated with the prevalence of type 2 diabetes and fasting glucose.29 ApoA1 
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in vivo prevents necrotic prolapse and necrotic core formation in macrophages in atherosclerosis.10 In our study, 
Correlation analysis and multiple linear regression showed that plasma ketones levels were negatively correlated with 
apoA1. Du et al suggested that TG, TC, and LDL-C were higher in young KPT2D than in T2D. They also found that 
21.4% of male KPT2D patients had serum TG concentrations ≥5.6 mmol/L and 8.3% of male patients had serum TG 
concentrations ≥11.2 mmol/L2. Ye et al showed that patients with KPT2D were characterized by overweight and obesity. 
Compared to type 2 diabetes, serum TG levels were significantly higher in KPT2D patients.30 Earlier studies have 
suggested that Elevated TG leads to an increase in sdLDL particles.31 The sdLDL particles penetrate the vascular 
endothelium more easily and thus bind to glycoproteins on the vessel wall to form lipid deposits. In addition, sdLDL is 
also susceptible to oxidation to form oxidized LDL-C, which induces the conversion of monocytes to macrophages 
through aggregation and other effects. Both of these processes can produce large numbers of foam cells leading to AS. It 
has been found that sdLDL also slows down the production of antioxidants, thus accelerating the onset of AS.32

In this study regarding the comparison of indicators related to increased glucose levels, our results suggested that 
FBG and HbA1c were significantly elevated in subjects with KPT2D when compared with subjects with T2D. HOMA-β 
was significantly lower in patients with KPT2D than in patients with T2D. This indicates that patients with KPT2D had 
poorer glycemic control than patients with T2D. This is consistent with previous findings.33 Thus, insulin deficiency in 
patients with KPT2D and hyperglycemia before the disease is diagnosed also promote AS development. Data from many 
studies suggested that chronic hyperglycemia may lead to disruption of intravascular homeostasis. The mechanism of the 
link between AS and diabetes has not been directly elucidated.34 Previous studies have shown that hyperglycemia 
produces many cellular effects, such as high glucose regulation of arachidonic acid metabolism, the elevated release of 
prostaglandin E2 and thromboxane B, leading to endothelial dysfunction and increased inflammation.35 Furthermore, 
high glucose may induce 12/15 lipoxygenase expression and increase the level of 12/15 lipoxygenase products in aortic 
endothelial cells (AECs),35 stimulating monocyte adhesion to AECs. In this condition, oxidized LDL and oxidized 
phospholipids also mediate their action in AECs through increased arachidonic acid release and subsequent stimulation 
of the lipoxygenase pathway. In addition, elevated glucose leads to LDL oxidation, while reactive carbonyl groups, 
advanced glycation end products (AGEs) and advanced lipid oxidation end products may also contribute to the 
modification of lipids in lipoproteins. The functional properties of endothelial cells regulating nitric oxide (NO) 
bioavailability are essential for normal endothelial function. Studies have shown that AS preferentially occurs in arterial 
branches where blood flow is disturbed, resulting in low and oscillatory shear stress. Hyperglycemia exacerbates the 
impairment of hemodynamic forces, especially shear stress, which usually downregulates NO and leads to altered 
endothelial phenotype.34 At the same time, the synergistic effect of blood glucose and lipids accelerates the formation 
of AS in diabetic patients.34

Although this study provides reliable data, it still has some limitations. First, this is a cross-sectional study. We cannot 
make inferences of causality. Second, the data on subjects included in this study did not have vascular ultrasound results 
to clarify the prevalence of AS. Third, in this study, the number of subjects was small, and further studies on a larger 
scale are needed to assess the relationship between patients with KPT2D and AS.

Conclusion
We found that dyslipidemia was more severe in participants with KPT2D. The AIP was increased in participants with 
KPT2D than in participants with T2D. Ketosis episodes in patients with KPT2D may accelerate the progression of AS.
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