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ORIGINAL ARTICLE

Cardiovascular disease risk prediction in scleroderma

Aliye Celikkol** ®, Ridvan Mercan? @, Savas Glzel' ©, Ahsen Yilmaz?!

SUMMARY

OBJECTIVE: Cardiovascular disease risk predictionin sclerodermais important. In this study of scleroderma patients, the aimwas toinvestigate the relationship
between cardiac myosin-binding protein-C, sensitive troponin T, and trimethylamine N-oxide and cardiovascular disease risk with the Systematic COronary
Risk Evaluation 2 model of the European Society of Cardiology.

METHODS: Systematic COronary Risk Evaluation 2 risk groups of 38 healthy controls and 52 women with scleroderma were evaluated. Cardiac
myosin-binding protein-C, sensitive troponin T, and trimethylamine N-oxide levels were analyzed with commercial ELISA kits.

RESULTS: In scleroderma patients, cardiac myosin-binding protein-C and trimethylamine N-oxide levels were higher than healthy controls but
sensitive troponin T was not (p<0.001, p<0.001, and p=0.274, respectively). Out of 52 patients, 36 (69.2%) were at low risk, and the other 16 (30.8%)
patients were at high-moderate risk with the Systematic COronary Risk Evaluation 2 model. At the optimal cutoff values, trimethylamine N-oxide
could discriminate high-moderate risk with sensitivity 76%, specificity 86% and cardiac myosin-binding protein-C with sensitivity 75%, specificity
83%. Patients with high trimethylamine N-oxide levels (=10.28 ng/mL) could predict high-moderate- Systematic COronary Risk Evaluation 2 risk 15
times higher than those with low trimethylamine N-oxide (<10.28 ng/mL) levels (odds ratio [OR]: 15.00, 95%Cl| 3.585-62.765, p<0.001). Similarly,
high cardiac myosin-binding protein-C (=8.29 ng/mL) levels could predict significantly higher Systematic COronary Risk Evaluation 2 risk than low
cardiac myosin-binding protein-C (<8.29 ng/mL) levels (OR: 11.00, 95%Cl 2.786-43.430).

CONCLUSION: Noninvasive cardiovascular disease risk prediction indicators in scleroderma, cardiac myosin-binding protein-C, and trimethylamine
N-oxide could be recommended to distinguish between high-moderate risk and low risk with the Systematic COronary Risk Evaluation 2 model.
KEYWORDS: Heart disease risk factors. Myosin-binding protein C. Troponin T. Trimethyloxamine. Scleroderma, systemic.

disturbances in calcium transitions and heart failure in cardio-

INTRODUCTION

Scleroderma (SSc) is a rare connective tissue disease character-
ized by endothelial dysfunction, dysregulation of innate and
adaptive immunity, and diffuse fibrosis'. Cardiopulmonary
complications such as heart failure, pulmonary fibrosis, and
hypertension are the leading causes of death in SSc?.
Troponins as cardiac biomarkers emerged as an indicator
of myocyte necrosis and damage®. Except for cardiac ischemia,
cardiac troponin-T (cTrT) levels are known to be an import-
ant marker for mortality in other heart diseases®. Cardiac
myosin-binding protein-C (cMBPC) is a sarcomeric thick fil-
ament protein which is crucial in regulating sarcomere struc-
ture and function in the heart’. The increases and decreases in
serum levels of cMBPC following defined myocardial injury
are faster than those of sensitive troponin T (sTrT). cMBPC
is degraded after myocardial infarcts, and its fragments cause

myocyte cultures’.

The gut microbiota metabolizes dietary choline, phosphati-
dylcholine, L-carnitine, and betaine to produce trimethylamine
N-oxide (TMAO). High levels of TMAO increase the risk of
kidney failure, diabetes mellitus, heart failure, atherosclerosis,
hypertension, and cancer and can lead to serious cardiovascu-
lar events including death®’.

This study investigated the differences in sTrT, cMBPC, and
TMAO levels between the low-risk group and the high-mod-
erate-risk group of CVDs with the Systematic COronary Risk
Evaluation 2 (SCORE?2) risk model in SSc.

METHODS

The study protocol was endorsed by the relevant ethics committee
with protocol number 2021.232.09.18. All study participants
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gave written informed consent before sample collection or the

questionnaire interview.

Participants
This study included 52 female patients with SSc and 38 healthy
women aged 18-65 years who applied to the rheumatology out-
patient clinic of the research hospital. All the patients fulfilled
the new American College of Rheumatology (ACR)/European
League Against Rheumatism (EULAR) 2013 classification cri-
teria for SSc'® and were classified in a limited or diffuse subset
according to LeRoy classification''. The extension of cutane-
ous involvement was evaluated with a modified Rodnan skin
score'?. Hypertension was defined by antihypertensive medi-
cation or systolic blood pressure (BP) of 140 mm Hg or dia-
stolic BP of 90 mm Hg on at least two occasions. Ejection
fraction and pulmonary arterial pressure were evaluated using
echocardiography. Patients were evaluated using the Medsger
SSc Severity Scale™ and the SCORE2 model.

Exclusion criteria were pregnancy, symptoms of heart fail-
ure, including dyspnea; venous swelling and recent major lower
extremity edema; kidney involvement; or serious disease com-

plications, such as cancer or gangrene.

Systematic coronary risk evaluation 2 risk
prediction of cardiovascular disease

According to the most recent reports of the World Health
Organization, European countries were grouped into four risk
regions per 100,000 population, age, and sex standardized over-
all CVD mortality rates (ICD sections 9, 100-199). SCORE2
risk models are designed for use in people aged 40—69 years.
Since our country was in the high-risk group, it was evaluated
using the table used for high-risk countries (C). SCORE2 risk
was evaluated according to age, gender, systolic BP, and non-
HDL-C, and a value of <10 was defined as low risk, between
210 and 20 as moderate risk, 220-30 as high risk, and 230 as
very high risk of CVD™.

Laboratory assessments

The serum routine biochemical tests were analyzed using
Cobas c8000 (Roche Diagnostics; Geneva, Switzerland).
Investigated tests were studied with commercial ELISA kits
(cMBP-C, catalog no: E3757Hu; sTrT, catalog no: E4862Hu;
TMAO, catalog no: E4733Hu).

Statistical analysis

Mean and standard deviation values were given for normal
distribution, and the Student’s t-test and one-way analysis
of variance test were applied. The Mann-Whitney U test was
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used for the variables that did not have normal distribution.
The best cutoff points were calculated using the receiver oper-
ating characteristic (ROC) curve for the prediction of CVD
risk with the SCORE2 risk model. Univariate and multivariate
analyses were performed using a logistic regression model. The
odds ratio (OR) was reported with the corresponding 95%CI,
and a p<0.05 was considered statistically significant. Statistical
analyses were performed using the SPSS Statistic version 22.0

(SPSS Inc., Chicago, IL) software.

RESULTS

'The study cohort consisted of 52 SSc patients (11 diffuse and 29
limited), Anti-SCL-70 antibody was positive in 14 (26.92%), and
the anti-centromere antibody was positive in 16 (30.77%) patients.
There were 28 (54%) patients with a disease duration of 610 years.
‘There was no significant difference between the SSc patients and
healthy groups in age distribution, and body mass index (BMI)
(p=0.096 and p=0.074, respectively). Routine parameters of CRT,
TChol, TG, HDL-C, and LDL-C levels were significantly higher
in SSc patients compared to those in healthy subjects (p=0.003,
p<0.001, p<0.001, p<0.001, and p=0.007, respectively).

Healthy subjects had low risk with the SCORE2 model
(3.58 (1.0-10.0)) but SSc patients were in low-, moderate-,
and high-risk groups (9.5 (1.0-29.0)). There was a significant
difference between healthy subjects and SSc patients (p<0.001)
(Table 1). While there was no significant difference in the sTr'T
levels between the SSc patient and control groups, cMBPC and
TMAO were significantly higher in SSc patients (p=0.274,
p<0.001, and p<0.001, respectively).

In the CVD risk prediction of SSc patients with the SCORE2
model, 36 (69.2%) of 52 patients were at low risk, and the
other 16 (30.8%) patients were at high-moderate risk (Table 1).
In this study, cMBPC and TMAO levels in the low-risk group
were lower than those in the high-moderate-risk group (both
p<0.001) (Figure 1), but there was no significant change in
sTrT levels (p=0.297).

The ideal cutoff value for predicting SCORE2 high-mod-
erate risk for TMAO, cMBPC, and sTrT in SSc patients was
calculated separately by ROC analysis (Figure 1). The optimal
cutoff value for TMAO was 10.28 ng/mL (AUC: 0.873, 95%Cl
0.773-973, p<0.001), and the ideal cutoff value for cMBPC
was 8.29 ng/mL (AUC: 0.816, 95%CI 0.684-0.948, p<0.001).
For sTrT (AUC: 0.595, 95%CI 0.422-0.769, p=0.276), the
median value was determined as the cutoff value. In terms of
diagnostic value, sensitivity was 75% and specificity was 83%
for cMBPC, and sensitivity was 76% and specificity was 86%
for TMAO.
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Demographic characteristics

MeantSD
(min-max)

Table 1. Demographic and laboratory characteristics of participants.

Healthy group
(n=38)

SSc patients
(n=52)
Mean+SD/
(min-max)/n (%)

Age (year) 51.263+8.83 54.35+8.28
BMI (kg/m?) 28.78+2.21 29.19+3.45
Laboratory characteristics
Glucose (mg/dl) 93.21+6.52 103.87417.08™
Creatinine (mg/dl) 0.6510.09 0.6740.18
CRP (mg/1) 1.72(0.2-5.0) | 2.24(0.15-5.93)
TChol (mg/dl) 156.02+15.22 | 236.23+47.03™
TG (mg/dl) 101.74429.07 | 186.86+58.94™"
HDL-C (mg/dl) 53.39+11.04 46.83+11.39"
LDL-C (mg/dl) 80.70+13.40 148.57+43.17"
Non-HDL-C (mmol/I) 3.35+0.73 4.96+1.12"
SCORE2 3.58(1.0-10.0) | 9.5(1.0-29.0)"
cMBPC (ng/mL) 4.92+41.18 8.03+£3.29™
sTrT (ng/L) 55.944+20.41 60.13+15.66
TMAO (ng/mL) 6.90+£1.23 10.45£3.01™
Clinical characteristics
Current smoking | 22 (42.30)
Disease duration
1-5years 14(27)
6-10years 28 (54)
>10 years 10 (19)
Diffuse SSc (positive) 11(21.15)
Localized SSc (positive) 29 (55.77)
Digital ulcer (positive) 11(21.15)
Digital gangrene (positive) 2(3.85)
Telangiectasia (positive) 12 (23.08)
Proximal muscle weakness (positive) 14 (26.92)
Gastrointestinal symptoms (positive) 22 (42.31)
Pulmonary symptoms (positive) 4(7.69)
Cardiovascular symptoms (hypertension) 23 (44.23)
Antibody characteristics
Anti-cyclic citrullinated peptide (positive) 4(7.69)
Rheumatoid factor (positive) 8(15.38)
ANA cytoplasmic speckled (positive) 10(19.23)
ANA anti-centromere (positive) 16 (30.77)
ANA SCL-70 (positive) 14 (26.92)
ENA anti-Ro (SSA) (positive) 10(19.23)
ENA anti-centromere B (positive) 16 (30.77)
ENA anti-SCL-70 (positive) 17 (32.69)
ENA Ro-52 recombinant (positive) 11(21.15)

p<0.05, p<0.01", p<0.001"". SSc: scleroderma; SD: standard deviation; min:
minimum; max: maximum; BMI: body mass index; cMBPC: cardiac myosin-
binding protein-C; sTrT: sensitive troponin T; TMAQO: trimethylamine N-oxide;
CRP: c-reactive protein; TChol: total cholesterol; TG: triglyceride; HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol;
SCORE2: the Systematic COronary Risk Evaluation 2 model; ANA: antinuclear
antibody; ENA: extractable nuclear antigens; ANA SCL-70: anti-topoisomerase
I antibodies (Anti-Scleroderma); ENA anti-SCL 70: extractable nuclear antigens
anti-scleroderma antibodies; Ro-52: tripartite motif-containing protein 21.
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In SSc patients, SCORE2 model levels were correlated with
age (r=638, p<0.001, disease duration (r=-0.406, p=0.032),
c¢cMBPC (r=0.319, p=0.021), sTrT (r=0.346, p=0.012), and
TMAO (r=0.383, p=0.005) but not correlated with none-
HDL-C and BMI.

While cMBPC and sTrT were not correlated in SSc patients,
TMAO was correlated with both cMBPC and sTrT (with
c¢MBPC r=0.689, p<0.001; with sTrT r=0.355, p=0.010).

The univariate analysis was established to predict high-mod-
erate SCORE2 risk. Those with high TMAO levels (=10.28
ng/mL) predicted high-moderate risk 15 times higher than
those with low (<10.28 ng/mL) levels (OR: 15.00, 95%CI
3.585-62.765, p<0.001). Similarly, high cMBPC (=8.29 ng/
mL) levels predicted significantly higher SCORE2 risk than
low cMBPC (<8.29 ng/mlL) levels (OR: 11.00, 95%CI 2.786—
43.430, p=0.001) (Table 2).

When high TMAO (OR 9.405, 95%CI 2.020-43.791,
p=0.003) and high cMBPC (OR 6.236, 95%CI 1.329-29.256,
p=0.020) were evaluated together in the multivariate analysis,
SCORE2 showed the predictive model feature in estimating
high risk (Table 2).

DISCUSSION

Since the risk of CVD is high in SSc, it is necessary to focus
on early risk prediction and to identify risk factors’. This study
presented two main findings: (1) SSc patients could be distin-
guished for CVD risk prediction with the SCORE2 model
and (2) TMAO and cMBPC were associated with SCORE2
risk. Recent studies have reported the evaluation of sTrT levels
as the best indicator and risk marker of CVD in SSc. Avouac
et al. and Bosello et al. reported higher sTrT level in patients
with SSc than in the control group®*. Both studies investigated
sTrT levels in patients with SSc who had CVD complications.
Contrary to these findings, in our study, sTrT levels were similar
in SSc patients compared to those in healthy controls (p=0.274)
(Table 1). However, in terms of the role of cardiac biomark-
ers in detecting early cardiac disease, there was no significant
relationship in studies with cardiac-MRI". Although studies
reported hs-cTnT association with both systolic and diastolic
function abnormalities, Ross et al. reported that there was a
lack of definitive data to support their use'®. The reason why
our and similar studies did not find a significant difference
regarding sTrT is that it would not be valuable in CVD risk
prediction because of the increase in acute myocardial injury.

Due to these disadvantages in sTrT, the research for alterna-
tive CVD risk markers continues in SSc. One of these markers

was cMBPC, which was reported in cardiac myocytes in greater
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Table 2. Univariate and multivariate analysis of parameters for systematic coronary risk evaluation 2 high-risk prediction.

Univariate analysis Multivariate analysis

OR (95%Cl) OR (95%Cl)

Variable Category

TMAO <10.28/210.28 15.000 (3.585-62.765) <0.001 9.405 (2.020-43.791) 0.004
cMBPC 8.29/28.29 11.000 (2.786-43.430) 0.001 6.236(1.329-29.256) 0.020
STrT 52.24/252.24 1.437(0.439-4.699) 0.549
CRP Continuous 0.989(0.849-1.152) 0.883
LDL-C Continuous 1.003 (0.989-1.017) 0.656
ALB Continuous 1.965 (0.423-9.140) 0.389
BMI Continuous 1.301 (1.033-1.640) 0.025
C3 Continuous 0.695 (0.068-7.098) 0.759
c4 Continuous 0.004 (<0.001-6.824) 0.147
IgM Continuous 0.754 (0.384-1.484) 0414
1gG Continuous 0.938(0.779-1.131) 0.505
IgA Continuous 0.782 (0.433-1.412) 0414

Statistically significant p-values are marked in bold. Multivariate analysis was created using the Forward-LR model. TMAO: trimethylamine N-oxide;
cMBPC: cardiac myosin-binding protein-C; sTrT: sensitive troponin T; CRP: C-reactive protein; LDL-C: low-density lipoprotein; ALB: albumin; BMI: body mass
index; C3: complement 3; C4: complement 4; IgM: immunoglobulin M; IgG: immunoglobulin G; IgA: immunoglobulin A.

Trimethylamine N-oxide, an indicator for CVD risk in

R recent years, is a molecule produced by intestinal bacteria, which
14,00 — is thought to have a powerful effect on human life". TMAO
1200 —,——y was strongly associated with atherosclerosis'**’. However, no
1000 i study was found in the literature related to TMAO levels in
‘oo I SSc patients. In this study, TMAO levels in SSc patients were

significantly higher than those in healthy subjects (p<0.001)
. (Table 1). It would be better to evaluate TMAQO and cMBPC
4.00 levels in determining cardiac risk in SSc. At the same time, the
200 presence of a positive correlation between sTrT and TMAO
oo levels in our study supports the notion that TMAO is associ-

¢MBPC (ng/ml) TMAO (ng/ml) ated with CVD risk.
OLow CVD risk (n:36) MHigh CVD risk (n:16)

In this study, we evaluated SSc patients according to the

Figure 1. Changes of parameters with low-risk and high-moderate risk new SCORE2 risk estimation algorithm. Only limited studies
in systematic coronary risk evaluation 2 model. are available on this subject. Ozen et al. underestimated the risk
of subclinical atherosclerosis in SSc patients using the previous

SCORE risk estimation model*. Along with the SCORE, the
amounts than sTrT. cMBPC was released more rapidly after 2013 American College of Cardiology and American Heart

acute myocardial infarction (AMI) and has been studied as a Association (ACC/AHA) risk indexes were also reported as
new cardiac protein of CVD indicator. In literature, cMBPC insufficient?. Similarly, Kurman et al. revealed the inadequacy
concentrations in AMI were significantly higher than those with- of the Framingham risk score and ACC/AHA risk indexes in
out AMIY. After a myocardial injury, cMBPC could be detected estimating CVD risk®. In this study, although there was an
earlier in the blood, and its concentration has been reported to increase in serum sTrT levels in the group with high CVD risk
rise faster and more sensitively than ¢TnT/I or the new RNA in SSc patients separated according to SCOREZ2, no signifi-
biomarkers'”'%. To the best of our knowledge, this study was cant difference was found (p=0.297). Contrary to our find-
the first to investigate cMBPC levels in SSc. Significantly higher ings, Barsotti et al. reported higher sTrT levels in high-risk
c¢MBPC levels were found in the SSs patients than in healthy SSc patients according to the heart involvement index, with
controls (p<0.001) (Table 1). the presence of conditions such as unexplained hypertension,
249
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ischemic heart disease, smoking, congenital heart disease, and
diastolic dysfunction. Similarly, De Luca et al. reported high
sTrT values in 58.1% of SSc patients with arrhythmia and
ventricular ectopic beats”. However, the performance of sTr'T
levels was not sufficient in both studies.

In this study, cMBPC and TMAO levels were significantly
higher in the high-moderate-risk group than in the low-risk
group (both p<0.001) (Figure 1). For SCORE2, high-moder-
ate-risk prediction with optimal cutoff values determined in
the ROC curves of TMAO and cMBPC could discriminate
cMBPC with 75% sensitivity and 83% specificity and TMAO
with 76% sensitivity and 86% specificity. Both parameters gave
better results than values for cTrT in a study by Barsotti et al.?4.
cMBPC and TMAO could be used as risk indicators and are
compatible with SCORE?2 in the evaluation of CVD risk.

In the univariate regression analysis, those with a high TMAO
had a 15 times higher efficiency in predicting patients with a
high SCORE2 value compared to those with a low value and,
similarly, with high cMBPC levels compared to low levels. In
the multivariate analysis, high TMAO and high cMBPC were
determined as a predictive model feature for estimating high
SCORE2 risk. Our findings are a unique and important addi-
tion to the literature, and to the best of our knowledge, this is
the first study in this evolving field.

Our study should be interpreted with its limitations. The main
limitation is the small sample size. Although TMAO levels could
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