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Background: Previous studies have confirmed an association between C-peptide levels
with the risk of cardiometabolic diseases. However, whether circulating C-peptide was
related to subclinical myocardial injury (SC-MI) remains unknown.

Methods: A total of 3,752 participants without a history of cardiovascular diseases were
included in our study from National Health and Nutrition Examination Survey Il (NHANES
). Multivariable linear regression was performed to explore the correlation between C-
peptide and cardiac injury score (CIIS). Multivariate logistic regression was used to
examine the association between C-peptide quartile and SC-MI.

Results: Circulating C-peptide was significantly associated with CIIS (3:0.09, 95%
confidence interval [CI]: 0.00-0.17; p = 0.041). Compared with the lowest quartile, the
highest quartile of circulating C-peptide increased a 1.48-fold risk of SC-MI (Odds ratio =
1.66, 95% CI: 1.18-1.87; p = 0.001).

Conclusions: The level of C-peptide was independently associated with CIIS and SC-MI,
which could serve as a new risk factor of SC-MI.

Keywords: C-peptide, subclinical cardiac injury, NHANES lll, association, cross sectional study

BACKGROUND

Subclinical myocardial injury (SC-MI) is an early cardiac injury without clinically evident coronary
heart disease or heart failure (1, 2). SC-MI is defined by an electrocardiographic-based scoring
system, namely, cardiac infarction/injury score (CIIS) >10 (3). SC-MI was reported to be associated
with the progression of coronary heart disease (1) and cardiovascular and all-cause mortality (4).

Abbreviations: SC-M], subclinical myocardial injury; CIIS, cardiac injury score; NHANES III, National Health and Nutrition
Examination Survey III; WBC, white blood cell; RBC, red blood cell; TG, triglyceride; TC, total cholesterol; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; CRP, C-reactive protein; ALT, alanine aminotransferase;
AST, aspartate transaminase glucose; BMI, body mass index.
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Previous studies have reported that physical activity (5), obesity
(6), diastolic blood pressure (7), Vitamin D (8) and TyG index
(9) were associated with SC-MI.

C-peptide is a small peptide with 31 amino acids and is
released upon insulin secretion to ensure the correct folding of
proinsulin (10, 11). It is known that C-peptide has been widely
used as a biomarker of diabetes diagnosis in clinical practice.
Observational studies have found the association between C-
peptide and cardiovascular diseases (12, 13). High levels of C-
peptide could increase the risks of atherosclerosis and
myocardial infarction (14, 15). C-peptide was reported to
increase the level of triglyceride and to decrease HDL-C (16).
However, C-peptide also inhibited oxidative stress and
endothelial apoptosis (17), showing a cardioprotective role.
Therefore, it remains unknown that circulating C-peptide level
was associated with SC-ML

In our study, we examined the association between levels of
serum C-peptide and SC-MI based on a cross-sectional study.

Participants from NHANES Il
(n=33,199)

METHODS
Study Population

All participants were included from the US National Health and
Nutrition Examination Survey (NHANES III). The NHANES is
nationwide multistage survey designed to assess the health and
nutritional status of adults and children in the United States
(https://www.cdc.gov/nchs/nhanes/index.htm) by the Centers
for Disease Control and Prevention (CDC). After excluding
individuals with missing circulating C-peptide data, we
included 3,752 participants without a history of cardiovascular
diseases (Figure 1). The survey protocol was approved by the
Institutional Review Board of the CDC.

Covariate Assessments

The list of covariates includes baseline demographics, the risk
factor of cardiovascular diseases, or factors influencing C-peptide
levels. Sociodemographic variables, including age, gender, and

»Mlssing data on ECG (n=24,777)

A 4

Complete CIIS records
(n=8,422)

’Participants with age<18 or a history of CVD (n=1,974);
Particpants with missing records of C-peptide (n=2,696)

\ 4

Enrolled analysis
(n=3,752)

FIGURE 1 | The flow chart of the selection process.
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race, were collected by using standardized questionnaires. The
systolic blood pressure, diastolic blood pressure, pulse rate,
height, and weight of each participant were obtained from the
physical examinations. White blood cell (WBC), red blood cell
(RBC), and hemoglobin were obtained by whole blood cell count
test. Triglyceride (TG), total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), C-reactive protein (CRP), creatinine,
alanine aminotransferase (ALT), aspartate transaminase (AST),
glucose, glycated hemoglobin, and insulin were measured by
standard biochemistry assays. Body mass index (BMI, kg/m?)
was calculated as weight divided by height squared. Race was
classified as non-Hispanic white, non-Hispanic black, Mexican
American, and other. Smokers were defined as those who self-
reported smoking more than 100 cigarettes during their lifetime,
and alcohol users were those who had at least 12 drinks in the last
12 months (18). Physical activity was defined as taking vigorous
or moderate activities. Multiple imputation was performed for
covariates with missing values.

Circulating C-Peptide Measurement

Serum C-peptide was measured using a radioimmunoassay
(RIA), where the 125I-labeled C-peptide completes with C-
peptide in the specimen for antibody site. Bound and free C-
peptide is separated by adding a second PEG-accelerated double
antibody. The antibody-bound fraction is precipitated and
counted. The radioactivity is inversely proportional to the
quantity of C-peptide in the specimen. Circulating C-peptide
was treated as a continuous and a quartile variable to examine its
association with CIIS and SC-MI, respectively. The quartile of C-
peptide levels was categorized into four groups: Q1 (<0.452
nmol/L), Q2 (0452-0.737 nmol/L), Q3 (0.737-1.082 nmol/L),
and Q4 (>1.082 nmol/L).

Outcome Definition

Resting 12-lead electrocardiograms were recorded by
experienced technicians with a Marquette MAC 12 system.
Analysis of electrocardiograms was achieved through a
computerized automated process and visual inspection by a
trained technician located in a centralized core laboratory.
Briefly, the SC-MI defined from the CIIS rests on a weighted
scoring system taking several objective electrocardiographic
waveform components related to myocardial injury and
ischemia, both discrete and continuous, and generating a risk-
stratified scoring system (6, 7). A combination of 11 discrete and
4 continuous variables are counted to define the final score to
evaluate the disease severity levels: CIIS>20 for probable injury;
CIIS>15 for possible injury; CIIS>10 for borderline abnormality.
SC-MI was defined as a total of CIIS>10 (3).

Statistical Analysis

Sample weights and stratification were incorporated in all analyses
because of the complex sampling design of the NHANES data.
Categorical variables were expressed as frequencies and percentages.
Continuous variables were reported as mean * standard deviation
or median (interquartile range) if skewed distribution. The
difference between groups were compared using one-way

ANOVA for continuous variables or Kruskal-Wallis test if not
normalized distributed and chi-square test for categorical variables.
The multivariable linear regression was used to explore the
association between C-peptide and CIIS (log2-transformed for
normality) while the multivariable logistic regression was used to
explore the association between C-peptide and SC-MI. To rule out
the cofounding factors, we adjusted for age and gender in Model 1.
In model 2, we adjusted for age, gender, race, smoking, drinking,
smoking, physical activity, and BMI. In model 3, we adjusted for
age, gender, race, smoking, drinking, smoking, BMI, TC, TG, CRP,
creatinine, AST, ALT, glucose, glycated hemoglobin, and insulin.
The variables that were adjusted for were based on the p value <0.05
in univariate analysis or the risk factors of cardiometabolic diseases.
The restricted cubic spline models with knots at 10th, 50™, and 90th
percentage were used for the dose-response analysis. Data were
analyzed using IBM SPSS 25.0 and R software 3.6. A two-tailed p-
value <0.05 was considered as statistically significant.

RESULTS

Baseline Characteristics

A total of 3,752 participants were enrolled in our study with an
average age of 60.2 + 13.1, of which 1,778 (47.3%) were males.
Table 1 showed the baseline characteristics grouped by quartiles
of circulating C-peptide levels. Participants with high C-peptide
levels tend to be old, and male, as well as having higher levels of
BMI, TC, TG, LDL-C, CRP, glucose, and glycated hemoglobin.

Association Between C-Peptide Levels
and CIIS

The CIIS was higher with the increased quartile of C-peptide.
Multivariable linear regression analysis was used to explore the
association between C-peptide and log2-transformed CIIS
(Table 2). After adjusting for age and sex, circulating C-peptide
was positively related to CIIS (8 = 0.13, 95% CI: 0.06-0.19; p <
0.001). The linear relationship still existed after adjusting for
lifestyles in Model 2 (B = 0.09, 95% CI: 0.00-0.17; p = 0.039) and
laboratory examinations in Model 3 (3= 0.09, 95% CI: 0.00-0.17; p
= 0.041). Compared with the lowest quartile, the highest quartile of
C-peptide was positively associated with CIIS across three models.

Association Between C-Peptide Levels
and SC-MI

The prevalence of SC-MI was 31.6%, 31.3%, 38.6%, and 43.6%
across quartiles, respectively. Table 3 summarizes the results of
multivariable logistic regression between C-peptide quartiles and
SC-MI. Compared to the lowest quartile, the highest quartile was
significantly associated with SC-MI in model 1 adjusted for
sociodemographics (OR = 1.59, 95% CI:1.31-1.92; p < 0.001),
and this association remained statistically significant in Model 2
(OR = 1.48, 95% CI:1.18-1.86; p = 0.001) and Model 3 (OR =
1.48,95% CI:1.18-1.87; p = 0.001). In addition, one-unit increase
of C-peptide was associated with 1.27-fold higher risk of SC-MI
(OR =1.27, 95% CI:1.08-1.50; p = 0.004).
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TABLE 1 | Baseline characteristics of study participants across serum C-peptide categories.

Q1 (<0.452) Q2 (0.452-0.737) Q3 (0.737-1.082) Q4 (>1.082) p-value

n 941 938 936 937
Age (years) 58.4 + 13.3 59.6 + 12.9 61.3+13.4 61.4+128 <0.001
Male (%) 377 (40.1) 447 (47.7) 472 (50.4) 480 (51.2) <0.001
Race (%) <0.001

Non-Hispanic white 521 (565.4) 527 (566.2) 484 (51.7) 476 (50.8)

Non-Hispanic black 249 (26.5) 198 (21.1) 200 (21.4) 172 (18.4)

Mexican-American 142 (15.1) 179 (19.1) 220 (23.5) 252 (26.9)

Other 9(3.1) 4 (3.6) 2 (3.4) 3739
Smoking (%) 312 (33.2) 808 (32.9) 265 (28.9) 202 (21.6) <0.001
Drinking (%) 511 (54.9) 523 (55.8) 549 (58.7) 523 (55.8) 0.467
Physical activity (%) 580 (61.7) 513 (54.7) 478 (51.1) 461 (49.2) <0.001
BMI (kg/m?) 24.0 + 4.2 26.5 + 4.2 285 +52 31.2 +6.1 <0.001
sBP (mmHg) 1276 + 19.8 130.9 = 18.6 134.9 + 191 136.2 + 18.3 <0.001
dBP (mmHg) 58.3 + 6.8 581 +7.1 581 +7.2 57.9+7.4 0.680
Pulse (bpm) 733+ 11.4 747 +11.9 76.0 + 12.3 79.0 + 13.1 <0.001
WBC, 10%/L 6.6 +2.0 6.9+22 7.3+ 31 7.8+26 <0.001
RBC, 10"/ 45+ 04 46+ 0.4 47 + 0.4 48+05 <0.001
Hemoglobin (g/dl) 135+14 14.0+14 141 +£14 14.4+£15 <0.001
Total cholesterol (mg/dl) 206 (53) 216 (51) 216 (52) 214 (52) <0.001
Triglycerides (mg/dl) 86 (49) 113 (61) 139 (86) 166 (91) <0.001
LDL-C (mg/dl) 127 (49) 140 (44) 138 (47) 136 (47) <0.001
HDL-C (mg/dl) 57 (23) 51 (20) 46 (16) 42 (14) <0.001
C-reactive protein (mg/dl) 0.21 (0.1) 0.21 (0.2) 0.21 (0.9) 0.33 (0.5) <0.001
Creatinine (mg/dl) 1.05 +0.18 1.08 + 0.22 111 +£0.27 1.18 + 0.55 <0.001
AST (UL) 217 +13.8 212+ 11.6 22.3+16.9 24.6 + 18.7 <0.001
ALT (ULL) 136 +9.9 151 +9.5 17.6 £ 14.2 21.7+17.8 <0.001
Glucose (mg/dl) 90 (13) 96 (14) 101 (17) 108 (24) <0.001
Glycated hemoglobin (%) 55+1.0 57+1.1 59+13 62+15 <0.001
Insulin (U/mi) 5.6 (2.5) 7.9 (2.9 11 (4.4) 17.8 (9.9) <0.001
clis 6.2 (8.7) 6.6 (7.8) 7.2 (9.6) 8.5 (11.2) <0.001
SC-MI 297 (31.6) 646 (31.1) 361 (38.6) 528 (43.6) <0.001
TABLE 2 | Multivariable linear regression between C-peptide and log2-CIIS.

Model 1 Model 2 Model 3
B (95% ClI) p B (95% Cl) p B (95% CI) P

Q1 Ref Ref Ref
Q2 0.01 [-0.10, 0.11] 0.892 -0.01 [-0.11, 0.10] 0.863 -0.01 [-0.11, 0.10] 0.856
Q3 0.13[0.02, 0.23] 0.015 0.10 [-0.01, 0.21] 0.074 0.10 [-0.01, 0.21] 0.083
Q4 0.21[0.10, 0.31] <0.001 0.16 [0.04, 0.28] 0.011 0.16 [0.03, 0.28] 0.015
Per one-unit 0.13[0.06, 0.19] <0.001 0.09 [0.00, 0.17] 0.039 0.09 [0.00, 0.17] 0.041

OR, odds ratio; Cl, confidence interval; BMI, body mass index; TC, total cholesterol; TG, triglyceride, CRP, c-reactive protein.

Model 1 was adjusted for age and gender.

Model 2 was adjusted for age, gender, race, smoking, drinking, physical activity, BMI, TC, TG, CRP, and creatinine.
Model 3 was adjusted for age, gender, race, smoking, drinking, physical activity, BMI, TC, TG, CRP, creatinine, glucose, glycated hemoglobin, and insulin.

To explore the nonlinear relationship, we performed dose-
response analysis based on restricted cubic spline models
(Figure 2). It suggested that C-peptide was linearly and
positively related to SC-MI (p for nonlinearity = 0.860).

Subgroup Analysis

Subgroup analysis was performed to explore the potential factors
modifying the association between C-peptide and SC-MI. The
association of C-peptide with SC-MI was consistent across age
and gender (Table 4). Besides, we found that a higher level of C-
peptide increased the risk of SC-MI across the disease severity
(Table 5). However, it was only significant in the borderline
abnormality group (p = 0.031).

DISCUSSION

Our study confirmed that circulating C-peptide level was
independently associated with electrocardiographic subclinical
myocardial injury after adjusting for cardiovascular risk factors
and glucose metabolism-related biomarkers.

Previous studies have shown the association between C-
peptide and cardiovascular disease (19). Michelle et al.
examined the effect of C-peptide on atherosclerosis and
found that high C-peptide levels were related with increased
lipid deposits and smooth muscle cell proliferation in the
vessel wall, contributing to atherosclerosis (12). Antonio
Cabrera de Leon et al. found that elevated C-peptide was
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TABLE 3 | Multivariable logistic regression between C-peptide categories and subclinical myocardial injury.

Model 1
OR (95% CI) P
Qi Ref
Q2 0.95[0.78, 1.16] 0.619
Q3 1.29 [1.06, 1.56] 0.010
Q4 1.59[1.31,1.92] <0.001
Per one-unit 1.35[1.18, 1.54] <0.001

Model 2

OR (95% CI)

Ref
0.92[0.75, 1.13]
1.23[1.00, 1.51]
1.48[1.18, 1.86]
1.25[1.07, 1.47]

0.426
0.053
0.001
0.005

Model 3

OR (95% CI)

Ref
0.92[0.75, 1.12
1.22[0.99, 1.51]
1.48 [1.18, 1.87]
1.27 [1.08, 1.50]

0.414
0.056
0.001
0.004

Model 1 was adjusted for age and gender.

Model 2 was adjusted for age, gender, race, smoking, drinking, physical activity, BMI, TC, TG, CRP, and creatinine.
Model 3 was adjusted for age, gender, race, smoking, drinking, physical activity, BMI, TC, TG, CRP, creatinine, glucose, glycated hemoglobin, and insulin.

[

QOdds ratio (95% Confidence interval)

P for nonlinearity =0.860

0 1

FIGURE 2 | The dose-response relation between C-peptide and SC-MI.

TABLE 4 | Subgroup analysis between C-peptide and SC-MI.

C-peptde (nmol/L)

OR (95% CI) P p for interaction

Gender 0.153

Male 1.26 [1.00, 1.62] 0.062

Female 1.21[0.95, 1.53] 0.121
Age 0.262

<65 1.43[1.12, 1.84] 0.005

>65 1.21[0.97, 1.57] 0.113
TABLE 5 | The association between C-peptide and severity of SC-MI.
Disease severity Cases OR (95%Cl) P
Borderline abnormality; 10<ClIS<15 671 1.24 [1.02, 1.51] 0.031
Possible injury; 15<ClIS<20 391 1.12[0.90, 1.37] 0.293
Probable injury; ClIS>20 273 1.15[0.89, 1.45] 0.259
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associated with the incidence of myocardial infarction and
coronary artery disease in the general population (20). What is
more, Min et al. showed an association between serum C-
peptide levels and all-cause and cause-specific mortality
among adults without diabetes (21). Furthermore, we have
observed a strong association of C-peptide levels with CIIS
and SC-MI in our study, which could contribute to early
diagnosis and intervention.

The underlying mechanisms for this association were
complicated. The C-peptide has been related to increasing
triglyceride levels while decreasing HDL-C levels, which
were negatively correlated to cardiovascular death (16).
However, evidence also indicated that C-peptide has an anti-
inflammatory role (22) and anti-oxidative role (23).
So, it needs more prospective clinical trials to determine
whether the increased C-peptide in the SC-MI was causal
or compensatory.

Certain limitations need to be taken into consideration in the
interpretation of our study. Our study was designed by a cross-
sectional scheme, only revealing the correlation between C-
peptide and SC-MI. Besides, only baseline C-peptide was
included in our study, and it may be more meaningful to
examine the change of C-peptide.

CONCLUSION

We observed an association between high C-peptide levels and
SC-MI in the general population.
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