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Abstract
Objective Left ventricular diastolic dysfunction (LVDD) is a common manifestation of cardiac involvement in systemic 
sclerosis (SSc), which is associated with increased mortality, but little is known about the risk factors. The aim is to determine 
the frequency and potential predictors of SSc-LVDD.
Methods We conducted a prospective multi-center cohort study, enrolling 784 SSc patients assessed by echocardiography 
between April 2008 and June 2019. Diagnosis of systemic sclerosis was according to the 2013 American College of Rheu-
matology (ACR)/the European League Against Rheumatism (EULAR) classification criteria. Data were compared between 
patients with and without LVDD, while univariate and multivariate regression analysis was performed to determine the 
factors independently associated with LVDD.
Results LV diastolic dysfunction was present in 246/784 (31.4%) of the subjects. There were no significant differences in 
gender, BMI, or disease duration between the two groups. Around 40% of the patients in the SSc-LVDD group and in the 
SSc-non LVDD group had diffused cutaneous involvements. Factors independently associated with LV diastolic dysfunction 
in multivariable analysis included age at onset (OR 1.053, 95%CI 1.021–1.086, p = 0.001), pulmonary arterial hypertension 
(OR 3.057, 95%CI 1.468–6.367, p = 0.003), positivity of anti-RNP antibody (OR 2.455, 95%CI 1.049–5.745, p = 0.038), 
increased WBC count (OR 1.156, 95%CI 1.037–1.287, p = 0.009), elevated levels of uric acid (OR 1.003, 95%CI 1.000–
1.006, p = 0.036), and triglyceride (OR 1.515, 95%CI 1.106–2.077, p = 0.010).
Conclusion LV diastolic dysfunction was prevalent in the SSc population. Advanced onset age, PAH, positive anti-RNP 
antibody, increased WBC count, and adverse metabolic status were independent risk factors for SSc-related LVDD.

Key Points
• In this Chinese multi-center cohort of systemic sclerosis, LVDD is not a rare complication, with a prevalence of 31.4%.
• The presence of advanced onset age, PAH, positive anti-RNP antibody, increased WBC count and adverse metabolic status were baseline 

predictors of developing LVDD in SSc.
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Introduction

Systemic sclerosis is a markedly heterogeneous systemic 
connective tissue disease, characterized by dysregulation of 
immunity, diffuse microvascular pathology, and distinctive 
extent of fibrosis in skin and multiple organs [1]. It is rare with 
a reported prevalence ranging from 3.8 per 100, 000 in Taiwan 
to 50 per 100, 000 in the USA [2]. Heart is one of the critical 
organs involved early in SSc with an incidence of 15–35% 
[3], but autopsy studies have inspired that cardiac involvement 
is far more common than suspected [4]. Despite being often 
asymptomatic in the preclinical phase, cardiac involvement is 
associated with an increased risk of death once become clini-
cal apparent, accounting for around 30% of mortality [5, 6]. 
Diastolic dysfunction was thought to be the consequence of 
myocardial fibrosis, which is originated from coronary micro-
circulation anomaly and regarded as the pathological hallmark 
of myocardial disease in SSc. Thus, the impairment of ventric-
ular filling, often occurring as an early finding, was deducted 
to be omen of the functional translation in SSc myocardial 
disease [7]. Considering the confounding effects of pulmo-
nary complications, such as interstitial lung disease (ILD) and 
pulmonary arterial hypertension (PAH), left ventricular dias-
tolic function can reflect heart involvement more sensitively 
than right heart, making it more feasible to be concerned at 
an earlier stage. Besides, left ventricular diastolic dysfunction 
is highly prevalent in SSc patients and is associated with pro-
gression to heart failure and increased risk of mortality [8]. 
Therefore, precautions of LVDD may be essential for prompt 
detection and appropriate management of cardiac involvement 
in SSc patients. This study aimed to assess the prevalence of 
left ventricular diastolic dysfunction, describe and compare 
clinical features in patients with or without LVDD, as well as 
identify independent risk factors for the development of LVDD 
in a large Chinese multi-center SSc cohort.

Materials and methods

Study population

Two thousand eight hundred nine patients with systemic 
sclerosis who were referred to Chinese Rheumatism Data 
Center (CRDC) multi-center cohort were prospectively 
enrolled between April 2008 and June 2019. Diagnosis of 
systemic sclerosis was according to the 2013 American Col-
lege of Rheumatology (ACR)/the European League Against 
Rheumatism (EULAR) classification criteria [9]. Study pop-
ulation was recruited from 154 centers nationwide based 
on the CRDC online database. Patient information were 
entered from paper medical record or hospital electronic 
medical system at enrollment or during follow-up through 

a specific-designed application. This study was approved 
by the CRDC ethics committee under number S-478, and 
written informed consent was obtained from each patient 
upon enrollment.

Clinical manifestations

Demographic features, clinical manifestations, and organ 
involvements were obtained from both the initial visit and 
regular follow-up. Disease duration was defined as interval 
between the onset of the first non-Raynaud’s phenomenon 
symptom and first clinical visit. PAH was recorded, based 
on the 2015 European Society of Cardiology/European Res-
piratory Society guidelines[10], as mean pulmonary arte-
rial pressure (mPAP) ≥ 25 mmHg at rest, pulmonary artery 
wedge pressure (PAWP) ≤ 15 mmHg, and pulmonary vascu-
lar resistance (PVR) > 3 Wood units in right heart catheteri-
zation (RHC) or estimated pulmonary arterial systolic pres-
sure (PASP) ≥ 45 mmHg on echocardiography when RHC 
was not available. Laboratory and cardiopulmonary function 
characteristics were also measured, including autoantibod-
ies, complete blood count, albumin, blood urea nitrogen, 
creatinine, inflammatory indices, N-terminal pro B-type 
natriuretic peptide (NT-proBNP), as well as the NYHA heart 
function grades and pulmonary function parameters.

Echocardiography

Among all the enrolled patients, 784 had underwent at least 
one Echo/Doppler assessments as part of their routine SSc 
monitoring. Comprehensive two-dimensional echocardiog-
raphy with Doppler and tissue Doppler imaging were per-
formed by sonographers blinded to all clinical and labora-
tory data to confirm LVDD. Assessment of diastolic function 
includes early and late diastolic peak velocities of mitral 
inflow (E and A), the E/A ratio, early diastolic deceleration 
time (DT) of the E wave, TDI of longitudinal velocity of the 
medial and lateral mitral valve annulus (Eʹ), and the ratio of 
mitral peak E velocity to Eʹ velocity by TDI. LV diastolic 
dysfunction were uniformly defined as lateral E’ < 10 cm/s, 
E/A ratio ≤ 0.8 [11, 12]. In addition, the presence of pericar-
dial effusion, valve dysfunction, and myocardial lesion were 
simultaneously obtained from the Echo/Doppler reports.

Statistical analysis

The study patients were stratified into subgroups depend-
ing on the presence or absence of LVDD. Continuous vari-
ables were expressed as mean ± SD, and Student’s t test 
(or Mann–Whitney U test when appropriate) was used for 
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comparison between groups. Kolmogorov–Smirnov test and 
Shapiro–Wilk test were used to determine the normality of 
the data. Categorical variables were presented as frequencies 
and percentages (%), the clinically relevant differences of 
which were identified by chi-square test or Fischer’s exact 
test, as appropriate. LVDD was regarded as the dependent 
variable, while factors significant in the univariate analy-
sis with p < 0.05 were included in multivariable logistic 
regression analyses as the independent variables. Multi-
variate logistic regression analyses adjusting for potential 
confounders were performed to identify independent risk 
factors for LVDD, in which odds ratios (ORs) and 95% con-
fidence intervals (CIs) were also estimated to determine their 
contributory effects of LVDD. A p value < 0.05 was consid-
ered statistically significant. Statistical analyses were per-
formed using SPSS statistics version 24.0 (IBM, Armonk, 
NY, USA).

Results

Demographic characteristics

Among the 2809 SSc patients enrolled in the CRDC cohort, 
784 patients had undergone echocardiography assess-
ments at baseline and during follow-ups. Two hundred 
forty-six patients (31.4%) had left ventricular diastolic 
dysfunction, among which 67 (27.2%) cases had no LVDD 
but were found during follow-up with a mean interval of 
31.4 months, and their distribution by subsets is shown in 
Table 1. Patients with LVDD were significantly older at SSc 
onset (45.9 ± 11.6 years vs. 37.3 ± 12.9 years, p < 0.001) 
and at enrollment (53.5 ± 10.5 years vs. 43.8 ± 12.7 years, 

p < 0.001) than patients without LVDD. Hypertension was 
more frequently observed in SSc patients with LVDD (17.0 
vs. 8.0%, p < 0.001). Detailed description of the SSc medica-
tion is outlined in Fig. 1.

Comparison of clinical features in SSc‑LVDD

As shown in Table 2, patients with LVDD tended to present 
more digital pits (30.9 vs. 23.6%, p = 0.035), while other 
microangiopathies demonstrated no remarkable differences 
between groups. LVDD was also associated with a higher 
rate of pulmonary arterial hypertension (40.3 vs. 26.4%, 
p = 0.002). Laboratory features of the 784 SSc patients with 
or without LVDD are described in Table 3. LVDD was con-
nected with a significant increase of uric acid (304.1 ± 117.6 
vs. 280.2 ± 94.0, p = 0.009) and triglyceride (2.0 ± 1.2 vs. 

Table 1  Demographic 
characteristics in systemic 
sclerosis (SSc) patients with and 
without LVDD

Abbreviations: SSc systemic sclerosis, LVDD left ventricular diastolic dysfunction, BMI body mass index

SSc-LVDD (n = 246) SSc-non LVDD (n = 538) p

Age at disease onset, y 45.9 ± 11.6 37.3 ± 12.9  < 0.001
Age at enrollment, y 53.5 ± 10.5 43.8 ± 12.7  < 0.001
Gender, male (%) 27 (11.0) 60 (11.2) 0.942
BMI 0.088
  Normal 117/211 (55.5) 301/493 (61.1)
  Underweight 30/211 (14.2) 81/493 (16.4)
  Overweight 64/211 (30.3) 111/493 (22.5)
Disease duration, m 51.5 (2, 403) 43.0 (0, 617) 0.111
Disease type, diffuse (%) 79/194 (40.7) 186/460 (40.4) 0.946
Comorbidities
  Diabetes mellitus 11/223 (4.9) 13/525 (2.5) 0.081
  Hypertension 38/223 (17.0) 42/525 (8.0)  < 0.001
  Coronary artery disease 4/224 (1.8) 10/527 (1.9) 0.917
  Tumor 0 (0) 1 (0.2) 0.784
  Smoking history 13/223 (5.8) 25/525 (4.8) 0.543

Fig. 1  Baseline medication of the multi-center SSc cohort subjects
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Table 2  Comparisons of 
clinical parameters in systemic 
sclerosis (SSc) patients with and 
without LVDD

SSc-LVDD (n = 246) SSc-non LVDD (n = 538) p

Raynaud’s phenomenon, n (%) 192/193 (99.5) 478/484 (98.8) 0.402
Digital ulcers, n (%) 52 (21.1) 147/537 (27.4) 0.063
Digital pits, n (%) 76 (30.9) 127/537 (23.6) 0.035
Telangiectasias, n (%) 74 (30.1) 133/536 (24.8) 0.121
Abnormal nailfold capillaries, n (%) 17/63 (27.0) 48/168 (28.6) 0.811
Proximal skin sclerosis, n (%) 154/156 (98.7) 371/373 (99.5) 0.367
Sclerodactyly, n (%) 219/219 (100.0) 498/499 (99.8) 0.507
Puffy finger, n (%) 128/135 (94.8) 265/281 (94.3) 0.832
Myositis, n (%) 45 (18.3) 99 (18.4) 0.971
Arthritis, n (%) 59 (24.0) 133 (24.7) 0.824
Gastroesophageal reflux, n (%) 81 (32.9) 158 (29.4) 0.315
Interstitial lung disease, n (%) 173/208 (83.2) 374/454 (82.4) 0.802
Pulmonary arterial hypertension, n (%) 78/193 (40.3) 81/308 (26.4) 0.002
Renal crisis, n (%) 2 (0.8) 5 (0.9) 0.872
Modified Rodnan skin score 6 (0, 34) 6 (0, 45) 0.237
Global assessment of severity 0 (0, 3.0) 0 (0, 3.0) 0.598

Table 3  Laboratory data by 
the absence or presence of left 
ventricular diastolic dysfunction

Abbreviations: ANA antinuclear antibodies, WBC white blood cell, HGB hemoglobin, PLT platelet, UA uric 
acid, TC total cholesterol, TG triglyceride, LDL-C low density lipoprotein- cholesterol, NT-pro BNP N-ter-
minal pro-brain natriuretic peptide, hsCRP high-sensitivity C-reactive protein, ESR erythrocyte sedimenta-
tion rate, IgG Immunoglobulin G

SSc-LVDD (n = 246) SSc-non LVDD (n = 538) p

Autoantibodies
  ANA, n (%) 207/217 (95.4) 479/495 (96.8) 0.368
  Anti-Scl70, n (%) 87/228 (38.2) 205/529 (38.8) 0.877
  ACA, n (%) 31/224 (13.8) 53/522 (10.2) 0.144
  Anti-RNP III, n (%) 0/2 0/2 NA
  Anti-SSA, n (%) 10/223 (4.5) 16/522 (3.1) 0.334
  Anti-SSB, n (%) 57/229 (24.9) 128/527 (24.3) 0.859
  Anti-RNP, n (%) 56/229 (24.4) 99/528 (19.2) 0.116
  Anti-PM-Scl, n (%) 2/226 (0.9) 4/530 (0.8) 0.853
WBC, ×  109/L 7.2 ± 3.0 6.7 ± 2.9 0.057
HGB, g/L 128.2 ± 18.2 126.3 ± 16.7 0.173
PLT elevation, ×  109/L 36/227(15.9) 55/505(10.9) 0.060
Albumin, g/L 39.6 ± 5.4 40.3 ± 5.3 0.102
Creatinine, μmol/L 69.8 ± 54.8 66.1 ± 53.5 0.409
Urea, mmol/L 5.3 ± 2.7 5.3 ± 5.8 0.832
UA, μmol/L 304.1 ± 117.6 280.2 ± 94.0 0.009
TC, mmol/L 4.7 ± 1.5 4.5 ± 1.3 0.197
TG, mmol/L 2.0 ± 1.2 1.6 ± 0.9 0.007
LDL-C, mmol/L 2.7 ± 1.1 2.7 ± 0.9 0.605
NT-proBNP, pg/ml 269.5 (18.0, 5464.0) 119.7 (14.0, 3137.4) 0.066
hsCRP, mg/L 2.8 (0.3, 132.2) 2.2 (0.1, 118.4) 0.334
ESR > 20 mm/h, n (%) 106/217 (48.8) 201/471 (42.7) 0.130
IgG elevation, n (%) 65/202 (32.2) 198/454 (43.6) 0.005
Hypocomplementemia, n (%) 20/182 (10.9) 82/393 (20.9) 0.005
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1.6 ± 0.9, p = 0.007), as well as a lower proportion of ele-
vated IgG (32.2 vs. 43.6%, p = 0.005) and hypocomple-
mentemia (10.9 vs. 20.9%, p = 0.005).

Pulmonary and cardiac complications in SSc 
patients

No significant differences were found between the groups 
regarding both the ventilation and diffusion function. In 
all study populations, the mean 6MWD was 467.8  m. 
The 6MWD was shorter in SSc patients with LVDD as 
compared with those without LVDD (442.8 ± 97.2  m 
vs. 482.1 ± 87.7 m, p ≤ 0.01). There were no correlations 
between LVDD and other cardiac complications, including 
myocardial involvement, pericardial effusion, valve lesions, 
and arrhythmia.

Independent risk factors for LVDD

As is shown in Table 4, multivariate logistic regression anal-
ysis was performed. Results indicated an increased risk of 
LVDD in patients with late onset disease (OR 1.053, 95% CI 
1.021–1.086, p = 0.001). Likewise, the presence of anti-RNP 
antibody and pulmonary arterial hypertension were associ-
ated with an increased risk of LVDD (OR 2.445, 95%CI 
1.049–5.745, p = 0.038 and OR 3.057, 95%CI 1.468–6.367, 
p = 0.003, respectively). Furthermore, rise of WBC count 
would indicate a trend to develop LVDD (OR 1.156, 95%CI 
1.037–1.287, p = 0.009). Moreover, metabolism-related 
factors including uric acid (OR 1.003, 95%CI 1.000–1.006, 
p = 0.036) and triglyceride (OR 1.515, 95%CI 1.106–2.077, 
p = 0.010) demonstrated a high-risk effect on development 
of LVDD.

Discussion

Heart involvements were first identified by Heine et al. [13] 
in SSc patients in 1926, when an autopsy demonstrated 
pathological changes in coronary arteries, pericardium, and 
myocardium. Left ventricular diastolic dysfunction (LVDD) 
were found in 31.4% of our SSc population, a lower preva-
lence compared with 40% reported by Andreu et al. [14] 
and 44% by Vemulapalli et al. [15] but higher than 27% by 
Akdogan [16] and 23% by Hinchcliff [17], which may repre-
sent actual divergence from other cohorts. Data from general 
populations concluded an overall prevalence of LVDD rang-
ing from 11.1 to 27.3% [18–20], which is lower than that in 
our cohort, disclosing a latent inclination in SSc patients 
to develop LVDD. There is strong evidence that LVDD is 
related to irreversible patchy myocardial fibrosis possibly 
secondary to repeated focal ischemic injuries and immune-
inflammatory damage [21]. As the diastolic compliance of 
the left ventricle decreases, manifest diastolic heart failure 
may evolve, and multiple characteristic symptoms of SSc 
patients, such as decreased exercise capacity, dyspnea, and 
decompensation will consequently emerge [16, 22]. In many 
other studies, LVDD has been considered as a harbinger of 
increased mortality [8, 23].

In our study, SSc patients with LVDD were much older 
both at onset and enrollment than those without LVDD, and 
the significance remains after adjusting for potential con-
founders in multivariable regression analysis, which was in 
accordance with existing studies [15, 17]. Interestingly, one 
of the mentioned studies also discovered that the prevalence 
of LVDD remarkably varied according to age, from 2.8% in 
individuals aged 25–35 years to 15.8% among those older 
than 65 years [18]. Similar tendencies with an increase of 
LVDD in elders were also pronounced by some other inves-
tigators [19, 24]. Although the mechanism implicated are not 
fully understood, it is well known that aging itself leads to 
normal physiological changes in the heart. As the ages grow, 
vascular stiffness attributing to myocardial collagen accumu-
lation, calcification, and fragmentation of elastin gradually 
impairs vascular compliance[25], which is a similar pro-
cess as happens in scleroderma myocardial disease [26, 27]. 
Besides, myocardial hypertrophy due to afterload increases 
modulates ventricular wall tension, contributing to structural 
or functional adaptations of heart and subsequently ventricu-
lar stiffness and impairment of ventricular filling, which may 
act as another potential explanation.

While digital pits were markedly more common in SSc 
patients with LVDD, it cannot be ignored that PAH also 
show a significant higher coexistence with LVDD. Accord-
ingly, no less than one prior studies have elaborated that 
the presence of PAH was independently associated with 
onset of LVDD in SSc and often accompanied by a worse 

Table 4  Multivariate regression analysis for clinical characteristics 
associated with LVDD

Abbreviations: OR odds ratio, 95%CI 95% confidence interval, UA 
uric acid, TG triglyceride, IgG Immunoglobulin G

OR 95%CI p

Age at onset 1.053 1.021–1.086 0.001
Hypertension 1.208 0.468–3.121 0.696
Digital pits 1.140 0.539–2.411 0.732
Pulmonary arterial hypertension 3.057 1.468–6.367 0.003
Anti-RNP 2.455 1.049–5.745 0.038
WBC 1.156 1.037–1.287 0.009
UA 1.003 1.000–1.006 0.036
TG 1.515 1.106–2.077 0.010
IgG elevation 0.647 0.323–1.299 0.211
Hypocomplementemia 0.819 0.819 0.819
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severity [15, 17, 28]. A study concerning idiopathic PAH 
also indicates a high prevalence of LVDD, which leads to 
worse hemodynamics and outcomes [29]. Although no sig-
nificant difference of nailfold-capillaroscopy abnormality 
was uncovered in our study, it has been repeatedly reported 
as a predictor of major organ damage in SSc because of 
common pathogenesis [30, 31]. All these findings concern-
ing microangiopathies may imply a potential pathophysi-
ological process of LVDD development in SSc, which has 
rarely been concluded in existing literatures. In this study, 
six-minute walking distance (6MWD) was found to be obvi-
ously decreased in SSc patients with LVDD compared with 
those without LVDD. Since 6MWD is likely to be impaired 
by a variety of disorders concerning the heart and pulmonary 
other than LVDD, such as PAH and ILD, it was explainable 
to be excluded from the independent correlations in multi-
variable analysis. Nevertheless, 6MWD could still serve as 
a clinical implication and prompt the investigation of LVDD 
in SSc patients when reduced.

As a marker of immunological dysregulation, the pres-
ence of circulating autoantibodies, is one of the hallmarks 
and prominent features of systemic sclerosis. In our study 
cohort, despite the fact that anti-centromere, anti-Sci-70, 
and anti-RNA-topoisomerase III antibodies were evenly 
distributed among patients with and without LVDD, which 
was the same as previous reports [15, 17], an insignifi-
cant higher positivity of anti-RNP antibody was observed 
between the subgroups, and independent correlation with 
LVDD was obtained. But till now, no evidences could be 
taken out to prove the effects of anti-RNP antibody on 
SSc-LVDD directly. Remarkable elevation of uric acid 
and triglyceride, which act as hallmark of metabolic syn-
drome, was described in the study population with LVDD 
and then be defined as independent indicators in the 
multivariable regression analysis. A research undergone 
in mice reminded that increased production of uric acid 
promotes cardiomyocyte hypertrophy, inflammation, and 
oxidative stress that lead to myocardial fibrosis and asso-
ciated impaired diastolic relaxation [32]. Georgios et al. 
[33] made an analysis in hypertensive subjects without 
heart failure, proving that UA is independently associated 
with the presence of diastolic dysfunction. Several stud-
ies [34, 35] made in obesity demonstrated that metabolic 
syndrome was associated with subclinical decrement in 
LV diastolic function, in which myocardial energetics 
and steatosis play an equally important role with myo-
cardial remodeling. An observational study suggests that 
metabolic syndrome (MS) can lead to the development of 
diastolic dysfunction through mechanisms of ventricular 
hypertrophy [36], highlighting the potential importance 
of early risk factor modification and preventive strategies 
in MS, but leaving the gap of diverse hypothesized path-
ways and undefined components of MS. In a nutshell, the 

current conclusions on metabolic factors are drawn from 
general population or patients of other diseases [37], call-
ing for further explorations in SSc cohort.

Several limitations should be interpreted for this study. 
First of all, due to the fact that echocardiography is an oper-
ator-dependent procedure, the assessment of LVDD may be 
biased by the center specific differences, which could hardly 
be avoided in multi-center study. Moreover, since echocardi-
ography was not evaluated for every single patient enrolled 
in the database, at least some of them may get the investi-
gation due to the presence of manifestations suggestive of 
cardiac involvement, which may introduce selection bias into 
this study. In addition, since the data were prospectively col-
lected from real-world practice, there were several variables 
with a data missing rate over 50%. They were remained in 
statistical analysis in order to investigate their correlation 
with LVDD, which unavoidably introduced biases. Finally, 
although we have data on clinical presentations and vital 
status for all patients in our study, the survival analyses, con-
cerning the overall survival rate and major causes of deaths, 
were absent. Thus, prognostic study should be taken very 
cautiously in the future study.

In conclusion, we deeply investigate the clinical character-
istics of systemic sclerosis patients with LVDD in this study. 
Relying on the largest SSc cohort in China, our study probes the 
prevalence of LVDD, and identified advanced onset age, PAH, 
positive anti-RNP antibody, increased WBC count and adverse 
metabolic status as independent risk factors. Further studies are 
needed for subgroup analysis in severe LVDD population and 
to develop risk stratification model for patient management.
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