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Clinical Course, Prognosis, and Causes of Death in
Mixed Connective Tissue Disease
Agota Hajas, Peter Szodoray, Britt Nakken, Janos Gaal, Eva Zöld, Renata Laczik, 
Nora Demeter, Gabor Nagy, Zoltan Szekanecz, Margit Zeher, Gyula Szegedi, and Edit Bodolay

ABSTRACT. Objective. To study the survival rate and prognostic indicators of mixed connective tissue disease
(MCTD) in a Hungarian population.
Methods. Two hundred eighty patients with MCTD diagnosed between 1979 and 2011 were
followed prospectively. Clinical features, autoantibodies, and mortality data were assessed.
Prognostic factors for survival were investigated and survival was calculated from the time of the
diagnosis by Kaplan-Meier method.
Results. A total of 22 of 280 patients died: the causes of death were pulmonary arterial hypertension
(PAH) in 9 patients, thrombotic thrombocytopenic purpura in 3, infections in 3, and cardiovascular
events in 7. The 5, 10, and 15-year survival rates after the diagnosis was established were 98%, 96%,
and 88%, respectively. The deceased patients were younger at the diagnosis of MCTD compared to
patients who survived (35.5 ± 10.4 vs 41.8 ± 10.7 yrs; p < 0.03), while there was no difference in
the duration of the disease (p = 0.835). Our cohort study showed that the presence of cardiovascular
events (p < 0.0001), esophageal hypomotility (p = 0.04), serositis (p < 0.001), secondary antiphos-
pholipid syndrome (p = 0.039), and malignancy (p < 0.001) was significantly higher in the deceased
patients with MCTD. The presence of anticardiolipin (p = 0.019), anti-β2-glycoprotein I (p = 0.002),
and antiendothelial cell antibodies (p = 0.002) increased the risk of mortality.
Conclusion. Overall, PAH remained the leading cause of death in patients with MCTD. The preva-
lence of cardiovascular morbidity and mortality, malignancy, and thrombotic events increased
during the disease course of MCTD. The presence of antiphospholipid antibodies raised the risk of
mortality. (First Release May 1 2013; J Rheumatol 2013;40:1134–42; doi:10.3899/jrheum.121272) 
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In the early 1970s a new disease was added to the family of
connective tissue diseases, denoted mixed connective tissue
disease (MCTD). These patients showed a number of
shared clinical features including Raynaud phenomenon
(RP), arthritis, puffy hands, abnormal esophageal motility,
lymphadenopathy, and myositis. Sharp, et al described
MCTD as an “apparently distinct rheumatic disease
syndrome associated with high titer of antibody to an
extractable nuclear antigen”1,2.

During the next 20 years many studies were published
reporting contradictory views about the nature of MCTD,
and the original description required considerable modifica-
tions. Organ involvement is often more extensive than was
previously thought; neurological expression and pulmonary
disease, erosive arthritis, various skin signs, and vasculitis
have been added to the clinical picture3,4,5,6,7,8,9,10,11,12,
13,14,15. In our previous study we reported that MCTD has
heterogeneous clinical and serological characteristics, with
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varying disease course16. Very little is known about the
mortality, morbidity, and factors influencing the disease
outcome in patients with MCTD. In 1987, Miyawaki and
Onodera reported 45 patients with MCTD, for whom 5-year
survival was 90.5%, while the 10-year survival was
82.1%17. 

Earlier reports showed that the leading cause of death in
MCTD is pulmonary arterial hypertension (PAH), with
obliterative vasculopathy18,19,20,21,22,23. The high number of
deaths in MCTD is also associated with involvement of
internal organs related to the disease, such as lung and
cerebrovascular and renal disease, especially in
childhood24,25.

Recently, thrombotic events, cardiovascular damage, and
tumors were reported in patients with MCTD. We analyzed
the survival, clinical features, and autoantibodies associated
with mortality, the causes of death, and prognostic factors in
280 patients with MCTD who were followed at our division
during a 30-year period.

MATERIALS AND METHODS
We recruited 280 consecutive patients with MCTD who were followed at
the Division of Clinical Immunology, University of Debrecen, between
1979 and 2011. The mean age of the total 280 patients (259 female, 21 male)
at the time of the investigation was 53.1 ± 12.6 years (range 19–78 yrs). The
mean followup of the disease was 13.1 ± 7.5 years (range 1–33 yrs).

The classification criteria for MCTD were those described by
Alarcon-Segovia and Villarreal, including RP, swelling of the hands with a
spindle-like swelling of the fingers, sclerodactyly, synovitis, myositis, and
the presence of anti-U1-RNP autoantibodies in the patients’ sera26.

The investigation protocol was in compliance with Good Clinical
Practices, the Declaration of Helsinki, and the guidelines of the Medical
and Health Science Centre of the University of Debrecen. The investiga-
tions were approved by the Regional and Institutional Ethics Committee,
Medical and Health Science Centre, University of Debrecen.
Laboratory and immunological studies. All patients underwent a complete
blood count, kidney and liver function tests, creatine phosphokinase (CK),
and urinalysis. 

Antinuclear antibodies (ANA) were detected on human epithelial cell
line 2 substrate (HEp-2 cells) by indirect immunofluorescence. ANA was
considered positive when titers were > 1:64.

Serum concentrations of autoantibodies were analyzed by commercial
ELISA: anti-U1-RNP (Pharmacia and Upjohn); anti-SSA, anti-SSB,
anti-Jo1, anti-Scl70 (Hycor Biomedical); anti-dsDNA, anticardiolipin (aCL
IgG, IgM, IgA), anti-β2-glycoprotein I (anti-β2-GPI IgG, IgM, IgA;
Orgentec); and anticitrullinated protein antibody (ACPA; Immunoscan
CCPlus, Euro-Diagnostica). Cutoff values were 5 U/ml for anti-U1-RNP;
10 U/ml for anti-SSA, anti-SSB, anti-Jo1, anti-Scl70; 20 U/ml for
anti-dsDNA; 10 U/ml for aCL IgG, IgA; 7 U/ml for aCL IgM; 5 U/ml for
anti-β2-GPI IgG, IgM, IgA; and 25 U/ml for ACPA.

Antiendothelial cell antibodies were measured by ELISA. In brief,
second-passage human umbilical vein endothelial cells were seeded at 2 ×
104 in 100 µl on sterile 96-well microtiter plates precoated with 100 µl 1%
gelatin. After 48 h culture, the plates were washed 3 times with phos-
phate-buffered saline (PBS; 0.15 mol/l, pH 7.4) then blocked with PBS
containing 1% bovine serum albumin (BSA) for 2 h at room temperature.
After 3 washes, 100 µl of test or reference serum samples diluted 1:100 in
PBS containing 1% BSA were added to each well in triplicate and
incubated 1 h at room temperature. After 3 washes, 100 µl peroxi-
dase-conjugated goat anti-human IgG (Dako) diluted 1:6000 in PBS

containing 1% BSA was added to each well for an additional 1 h. After 3
washes, the plates were developed with 100 µl of 4 mmol/l o-phenylene
diamine dihydrochloride (Sigma) and 1.3 mmol/l hydrogen peroxide in 0.1
mol/l citrate buffer, pH 5.0, then the reaction was terminated by the
addition of 100 µl of 2 mol/l sulfuric acid. The optical density was
measured at 492 nm on a microplate reader. Blank wells, calibrator, and
positive and negative control sera were included on each plate. Results
were calculated by 1-point calibration and expressed as arbitrary unit/ml.
Cutoff of 35 U/ml was determined on a healthy control population
(nonparametric method, 97.5 percentile)27.
Diagnostic studies and procedures. The first investigations were carried
out at time of diagnosis of MCTD; patients were followed up every 3
months throughout the entire study. Diagnostic procedures for MCTD
included radiographs, computed tomography (CT), and magnetic resonance
imaging (MRI), lung function tests, electromyography, and electroneuro-
graphy. Esophageal involvement was detected by radionuclide esophageal
transit scintigraphy and radiographic passage using gastrographin or
barium14. RP was assessed by a positive color chart or cold test and
morphological abnormalities by nailfold capillary microscopy (Nikon
Corp.). The capillaroscopic observations were as described: by the presence
of enlarged and giant capillaries, microhemorrhages, loss of capillaries, and
bushy capillaries28. The “scleroderma-like” capillaroscopic picture is
characterized by the presence of giant capillaries, hemorrhages, and
avascular areas29.

High-resolution CT scan (HRCT) of the chest was performed when
indicated by pulmonary function tests, including DLCO. 

Open-lung biopsy was carried out in 11 cases and transbronchial biopsy
in 8 cases, when the origin of the pulmonary disease was not clear by
radiography or HRCT. Lung biopsy showed interstitial lung disease (ILD)
in 16 cases and pulmonary arterial hypertension (PAH) in 3 cases.

Myositis was confirmed by muscle biopsy and/or electromyogram and
CK elevation. 

Eight patients with proteinuria underwent renal biopsy, and results were
assigned to the International Society of Nephrology (ISN) Renal Pathology
Society Classification World Health Organization classes30. 

PAH was diagnosed by Doppler echocardiography, when the systolic
pressure of the right ventricle was ≥ 25 mm Hg at rest. Right ventricle
catheterization was performed on 22 patients, with simultaneous Doppler
echocardiography. 

In patients with MCTD, secondary antiphospholipid syndrome (APS)
was defined if at least 1 of the 2 major clinical criteria (vascular thrombosis,
pregnancy morbidity) and 1 of the laboratory criteria were met31,32,33.
Laboratory criteria include aCL antibody of IgG and/or IgM isotype,
anti-β2-GPI antibody IgG and/or IgM isotype, or lupus anticoagulant
present in plasma on 2 or more occasions at least 12 weeks apart.

Clinical disease activity was assessed retrospectively by the Systemic
Lupus Activity Measure (SLAM) from the patients’ reports7. A SLAM
value > 6 was considered high disease activity. 
Statistical analysis. Data were analyzed using SPSS for Windows 20.0
software. Differences in frequencies of systemic manifestations among the
living and deceased patients and correlations among the supposed
prognostic factors were examined by chi-square test. Univariate analysis of
survival was performed with the Kaplan-Meier method. The log-rank test
was used to determine the statistical significance of the observed differ-
ences in the survival rates between those with different organ involvement.
P values ≤ 0.05 were considered significant. 

RESULTS 
Clinical features. The main clinical manifestations and
laboratory features of the 280 patients at time of diagnosis
of MCTD and the cumulative findings are summarized in
Table 1. The patients had a mean SLAM score of 13.1 ± 1.4
(range 3–26) at time of the last investigation. 
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During the followup period the frequency of esophageal
hypomotility and nervous system disease increased, and
new symptoms developed, such as PAH, ILD, thrombotic
events, and renal disease. 

The most frequent symptoms in our series were
polyarthritis (89.6%), RP (57.5%), ILD (47.1%), esophageal
dysmotility (49.6%), and sclerodactyly (41.8%). Arthritis
appeared to be the most common symptom in our patients.
Arthritis was located mainly in the interphalangeal and
metacarpophalangeal joints of the hands and feet. Arthritis
was symmetric and nondeforming in 207/251 patients
(82.5%). Erosive arthritis was diagnosed in 44 (17.5%)
patients during the disease course, and interestingly,
erosions developed 5 to 10 years after the onset of MCTD.

RP was detected in 57.5% of patients. Nailfold capil-
laroscopy showed significant and gradual progression of the
vascular abnormalities during the followup period of
patients with MCTD. The typical form of the “scleroderma
pattern” was at the time of diagnosis of MCTD in 31.4% of
patients, and during the mean 13.1 years’ followup period
there was a weak progression (40.3%; p < 0.03). Out of the
258 living patients, 38.3% had scleroderma pattern, while
14 of the 22 (63.3%) deceased patients had scleroderma

pattern (p < 0.02). However, we found no difference in the
presence of scleroderma pattern between MCTD patients
with PAH and patients without PAH.

One hundred thirty-two patients had ILD. ILD was
recurrent in 24 cases. Pulmonary biopsy was undertaken in
16 cases, when we could not exclude tumor, sarcoidosis, or
lymphoma. The histological investigation in all 16 patients
showed nonspecific interstitial pneumonitis (NSIP) with
mononuclear cell infiltration in the lung parenchyma. In 11
patients the histological picture showed cellular interstitial
pneumonitis with little or no fibrosis, while in 5 patients
significant fibrosis developed. Immunohistochemical
analysis in all cases revealed epithelial deposits of C3
complement and immunoglobulin M. Interestingly, no sera
samples from patients with ILD were positive for anti-Jo1
antibody. 

PAH developed in 50 patients 14.5 ± 3.71 years after the
diagnosis of MCTD. Initially, the symptoms of PAH were
very mild and nonspecific, and it was difficult to identify
PAH at this stage. As the disease progressed, nonspecific
symptoms such as shortness of breath or fatigue developed.
Subsequently, the symptoms quickly progressed to choking,
fever, hemoptysis, and tachypnea. In our series the

Table 1. The frequencies of systemic involvement and autoantibody positivity at time of diagnosis of mixed
connective tissue disease (MCTD) and cumulative frequencies during the disease course.

Clinical Features At Time of Diagnosis Cumulative Frequency p
of MCTD, n = 280 During the Disease Course,

n = 280

Polyarthritis (erosive and non-erosive) 183 (65.3) 251 (89.6) < 0.0001
Puffy edema of dorsal hand 150 (53.6) 156 (55.7) 0.1
Pulmonary arterial hypertension 0 50 (17.8) —
Raynaud phenomenon 141 (50.3) 161 (57.5) 0.10
Myositis 38 (13.5) 91 (32.5) 0.0001
Sclerodactyly 99 (35.3) 117 (41.8) 0.1399
Interstitial lung disease 2 (0.7) 132 (47.1) 0.0001
Pleuritis/pericarditis 39 (13.9) 83 (29.6) 0.001
Nervous system disease 35 (12.5) 56 (20.0) 0.02
Skin involvement* 92 (32.9) 102 (36.4) 0.06
Renal disease 0 11 (3.9) —
Esophageal dysmotility 109 (38.9) 139 (49.6) 0.01
Cancer 0 16 (5.7) —
Cardiovascular involvement 21 (7.5) 98 (35.0) < 0.0001
Antiphospholipid syndrome 11 (3.9) 72 (25.7) < 0.0001
Laboratory and immunoserological abnormalities
Anemia 52 (18.5) 63 (22.5) 0.295

Thrombocytopenia 19 (6.7) 29 (10.3) 0.173
Antiendothelial cell antibody positivity 48 (17.1) 94 (33.5) < 0.0001
Anticardiolipin antibody positivity 53 (18.9) 98 (35.0) < 0.0001
Anti-ß2-GPI antibody positivity 42 (15.0) 79 (28.2) < 0.0001
Anti-SSA positivity 92 (32.8) 94 (33.5) 0.42
Anti-dsDNA positivity 2 (0.7) 9 (3.2) 0.06
Anti-Sm positivity 10 (3.5) 19 (6.7) 0.125
ACPA positivity 21/178** (11.7) 53 (18.9) 0.05

* Photosensitivity, malar rash, telangiectasia, hyper-hypopigmentation. ** At the first investigation ACPA was
measured in only 178 patients. Anti-ß2-GPI: ß2-glycoprotein I antibody; ACPA: anticitrullinated protein
antibody.
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pulmonary arterial pressure was between 40 and 60 mm Hg
by echocardiography, confirmed by right heart pulmonary
arterial catheterization. All patients with PAH had continu-
ously high levels of anti-U1-RNP (> 30 U/ml), while 42/50
(84.0%) patients were positive for antiendothelial cell
antibodies (AECA). These findings suggested that high
levels of anti-U1-RNP can contribute to endothelial cell
proliferation.

In our series renal involvement was observed in only
3.9%. Three patients had thrombotic thrombocytopenic
purpura or hemolytic uremic syndrome (TTP/HUS)-associ-
ated nephropathy. Eight patients had glomerulonephritis
(GN). Every 8 patients with proteinuria underwent renal
biopsy, and the biopsies showed ISN class II mesangial
proliferative GN in 5 patients and focal nephritis in 3
patients.

Cardiovascular disease such as cardiomyopathy, valvular
changes, arrhythmia, and ischemic heart disease was found
in 98 patients. Pacemaker therapy was needed for 5 patients.

We observed that MCTD may be associated with
secondary APS. Seventy-two patients had thrombotic events
with antiphospholipid antibody positivity, and these patients
fulfilled the classification criteria for APS33. Fifty-nine of
72 patients (81.9%) had venous thromboses, 9 patients
suffered cerebral vascular attacks (12.5%), and 4 (5.5%) had
arterial occlusion in the lower extremities.

Malignancy developed in 16 patients with MCTD during
the disease course: gastrointestinal cancer was the most
common (n = 8), followed by breast (n = 2), cervix (n = 2),
bronchial (n = 2),  and pancreatic and esophageal cancer
(1-1 for each type). Among those 258 patients who survived,
10 had tumor (3.8%), while among the 22 who died, 6
patients (27.2%) had had cancer; however, the cause of
death was not the tumor itself.
Autoantibodies in patients with MCTD.ANA and anti-U1-RNP
autoantibodies were detected in all patients’ sera samples.
However, patients’ sera were positive for other autoanti-
bodies, such as AECA (33.5%); aCL IgG, IgA, and IgM
(35.0%; IgG n = 58, IgA n = 21, IgM n = 19 patients);
anti-β2-GPI (28.2%; IgG n = 40, IgA n = 22, IgM n = 17
patients); ACPA (18.9%); and anti-SSA (32.8%); and
anti-dsDNA (3.2%) and anti-Sm (6.7%) were also present. 

We found a close association between cardiovascular
events and the presence of aCL IgG, IgM, and IgA autoanti-
bodies (IgG/IgM: RR 2.925, 95% CI 1.50–5.7; IgA: RR
3.059, 95% CI 1.15–8.1). We found that anti-β2-GPI IgG,
IgM, and IgA antibodies were more frequent in patients with
cardiovascular diseases and were associated with cardiovas-
cular disease severity (anti-β2-GPI IgG/IgM: RR 2.79, 95%
CI 1.41–5.5; anti-β2-GPI IgA: RR 6.2, 95% CI 2.2–17.7).
We found association between arterial/venous thrombotic
events and AECA (RR 2.917, 95% CI 1.58–5.36) and aCL
IgG antibodies (RR 31.39, 95% CI 1.76–54.26); however,
there was no significant association between thrombosis and

aCL IgM (RR 0.08, 95% CI 0.003–2.1). Anti-β2-GPI IgG
and IgM showed strong association with thrombotic
processes (anti-β2-GPI IgG: RR 22.4, 95% CI 1.20–417.9;
anti-β2-GPI IgM: RR 23.3, 95% CI 1.06–512.0). Patients
with PAH showed association with AECA (RR 56.43, 95%
CI 19.8–160.8) and aCL IgG/A/M (RR 3.67, 95% 
CI 1.61–8.3); however, there was no association with 
anti-β2-GPI IgG, IgA, and IgM (RR 0.35, 95% CI 0.10–1.1). 
Causes of death. During the observational period, 22 of 280
patients died; causes of death are given in Table 2. PAH was
the major complication of MCTD. During the followup
period, in spite of adequate therapy, 9 patients died 0.5–2
years after the diagnosis of PAH. These patients’ conditions
worsened rapidly, and they developed hemoptysis,
tachypnea, and finally cardiac arrest. Development of PAH
in these patients was rapid, and Doppler echocardiography
showed > 60 mm Hg systolic pulmonary arterial pressure,
confirmed by right heart catheterization. Vasculopathy of
pulmonary artery vessels was detected in 3 patients under
open lung biopsy, and in 2 patients at autopsy.

Three patients died with TTP/HUS. The occurrence of
TTP in MCTD is rare. In one patient, fresh CMV infection
provoked TTP. The patients with TTP did not respond to
steroid pulse therapy, plasma exchange, or fresh-frozen
plasma, and finally died 4–8 days after the onset of
neuropsychiatric symptoms. These patients suffered from
endstage renal failure and the prognosis was extremely poor. 

Three patients with MCTD died from infections. Two
patients had hepatitis C virus (HCV) infection, which
provoked hepatic coma after 12 and 15 years of diagnosis of
MCTD, respectively. One patient received subcutaneous
injection of pegylated interferon-α-2a 180 µg weekly and
oral ribavirin 1000 mg/day. Serum HCV RNA levels were
evaluated quantitatively by RT-PCR analysis (Cobas
TaqMan HCV Test, Roche Diagnostics; cutoff value 25
IU/ml) 48 weeks after treatment. Biopsy was performed
after treatment: the histology activity index was 18, and the
fibrosis score was 6, with signs of cirrhosis. The other
patient with hepatitis infection did not receive antiviral
therapy because he had anemia (8 g/dl) and neutropenia

Table 2. Causes of death in 22 patients with mixed connective tissue
disease (MCTD).

Cause of Death No. Patients (%) Duration of MCTD at
Time of Death, yrs

Disease manifestations 12 (54.5)
PAH 9 (40.9) 17, 9, 15, 14, 16, 8, 17, 16, 19
TTP/HUS 3 (13.6) 3, 13, 1

Disease complications 10 (45.4)
Infections 3 (13.6) 8, 12, 15
Acute cardiovascular events 7 (31.8) 10, 4, 6, 15, 3, 12, 26

PAH: pulmonary arterial hypertension; TTP/HUS: thrombotic thrombo-
cytopenic purpura or hemolytic uremic syndrome.
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(neutrophil count < 1500 cells/µl), and the cirrhosis was
decompensated (Child-Pugh class B). One patient died of
staphylococcal sepsis. 

Cardiovascular events in MCTD were associated with a
relatively poor prognosis. Among patients who died, 2 had
dilatative cardiomyopathy (DCM) and congestive heart
failure caused the death, accompanied by ventricular
arrhythmias. The underlying pathophysiologic mechanisms
that caused DCM could have been myocarditis, coronary
artery disease, and small vessel vasculopathy of the
myocardium. In one patient the autopsy showed severe
myocarditis. Five patients had severe coronary sclerosis
with ischemic cardiomyopathy and arrhythmias, and 2 died
of acute myocardial infarction. 
Influence of clinical features on survival. Figure 1 repre-
sents the survival curve in our series: 5, 10, and 15-year
survival rates were 98%, 96%, and 88%, respectively, for
patients with MCTD. Cardiovascular events significantly
worsened the survival outlook (p < 0.001; Figure 2A).
MCTD patients with PAH had significantly worse
cumulative survival probability than patients without PAH
(p = 0.021; Figure 2B). There was no difference in the
survival probability in patients with and those without ILD
and myositis (Figure 2C-2D). 

We used univariate analysis to compare the clinical
measures and the presence of autoantibodies between the
living and deceased patients (Table 3). The patients who
died were younger at the time of the diagnosis of MCTD,
compared to those who survived (patients who died 35.5 ±
10.4 yrs vs living patients 41.8 ± 10.7 yrs; p = 0.03), while
there was no difference between the followup periods
(patients who died 13.2 ± 7.6 yrs vs living patients 12.3 ±
7.5 yrs; p = 0.835). Our cohort study showed that the
presence of cardiovascular events (p < 0.001, RR 3.625,
95% CI 0.463–8.979), PAH (p = 0.0071, RR 3.664, 95% CI

1.47–9.133), serositis (p < 0.001, RR 4.79, 95% CI
1.926–11.927), and secondary APS (p = 0.039, RR 2.63,
95% CI 1.085–6.394) increased the risk of the mortality.
Esophageal hypomotility (p = 0.04, RR 2.837, 95% CI
1.076–7.483), kidney involvement (p = 0.04, RR 4.93, 95%
CI 1.208–20.147), and malignant tumors (p < 0.001, RR 9.3,
95% CI 2.99–28.837) also limited the MCTD patients’
survival.

The presence of aCL (p = 0.019, RR 2.94, 95% CI
1.209–7.151), anti-β2-GPI (p = 0.002, RR 4.202, 95% CI
1.717–10.283), and AECA (p = 0.002, RR 6.154, 95% CI
2.30–16.321) increased the risk of mortality.

The high-dose corticosteroid or immunosuppressive
therapy did not influence the patients’ survival.
Therapeutic considerations. In our study all patients
received corticosteroid (CS) treatment. Basic immunosup-
pressive therapy is shown in Table 4. Skin manifestations
were treated with CS and/or antimalarials. Flares of arthritis
were treated with low-dose CS, antimalarials, or metho-
trexate (MTX). Forty-four patients with erosive arthritis
received MTX 15–20 mg/week, alone or in combination
with tumor necrosis factor-α (TNF-α) blockers. MTX was
the most effective therapy in patients with active arthritis
and bone erosions. Serositis showed good response to CS.
Pulmonary involvement required complex therapy. Patients
with ILD received high-dose CS, often pulse CS combined
with cyclophosphamide (CYC) or mycophenolate mofetil.
PAH was treated with high-dose CS or pulse CS and CYC,
and often prostanoids, endothelin receptor 2 antagonists,
phosphodiesterase-5 inhibitors, and anticoagulants were
also added to the therapy. In cases of renal involvement, CS
and CYC were given to the patients. Myositis was treated
with CS, in severe cases CYC and IVIG therapy were added
to CS.

The cumulative percentages of patients who received
CYC, MTX, and azathioprine were 66.4%, 16.4%, and
2.1%, respectively.

DISCUSSION
We have summarized findings of a prospective study on the
survival and prognostic indicators of MCTD in a
Hungarian population. Our work was performed on a
cohort of 280 patients followed between 1979 and 2011.
All patients fulfilled the diagnostic criteria established by
Alarcon-Segovia and Villarreal26 for MCTD. The patients
with MCTD in our cohort were characterized by female
predominance (8:1), similar to previous studies4,15,16.
During the followup period new symptoms developed;
however, the patients did not show progression to other
systemic autoimmune diseases, such as systemic sclerosis or
systemic lupus erythematosus (SLE).

The overall 5-year and 10-year survival rates of our
patients with MCTD were 98% and 96%, respectively, and
these results were better than those earlier reported by

Figure 1. Overall survival of patients with mixed connective tissue disease
(MCTD).
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Miyawaki and Onodera17. In our study 22 patients died
(7.8%) among 280 patients. In 12 patients the cause of death
was the manifestations of the MCTD itself (in 9 patients
PAH; in 3 patients TTP/HUS), in 10 patients the cause of
death was related to complications of MCTD (cardiovas-
cular events and infections).

Our data showed that accelerated atherosclerosis occurs
in patients with MCTD. Earlier we reported in patients with
MCTD that total cholesterol, the traditional risk factor for
atherosclerosis, was increased, and paraoxonase activity and
ApoA1 levels decreased34. High-sensitivity C-reactive
protein levels were found to be elevated in MCTD,
reflecting vascular inflammation in these patients.
Endothelial dysfunction, characterized by decreased
flow-mediated vasodilation, and nitrate-mediated vasodi-
lation are very early signs in the development of athero-
sclerosis35,36. We also observed previously that vitamin D
deficiency increased the cardiovascular morbidity in

MCTD37. Elevated levels of AECA, aCL, and anti-β2-GPI
autoantibodies are important atherogenic factors in patients
with MCTD38.

PAH remained the major cause of death in MCTD. The
prevalence of MCTD-associated PAH is between 8.8% and
23.4%39,40. The survival of patients with MCTD-PAH under
current treatment is better compared to results from older
studies17,41,42,43. In addition to CS and immunosuppressive
drugs, other advanced therapies such as prostanoids,
endothelin receptor antagonists, and phosphodiesterase-5
inhibitors have been shown to improve pulmonary
functional status in MCTD patients with PAH.

The exact pathological mechanism of PAH in MCTD
remains unknown. Hasegawa, et al found that the anti-β2-GPI
IgG level was higher among MCTD patients with PAH
compared to those without PAH44. We and others deter-
mined that the serum concentrations of anti-U1-RNP, aCL
antibodies, and AECA were higher in the MCTD-PAH cases

Figure 2. Survival of patients with mixed connective tissue disease (MCTD) within various disease subgroups. A. Survival of patients with and without
cardiovascular disease. B. Survival of patients with and without pulmonary arterial hypertension (PAH). C. Survival of patients with and without interstitial
lung disease (ILD). D. Survival of patients with and without myositis. 
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than in the MCTD cases without PAH38,45. Although there
are growing numbers of reports of successful treatment of
MCTD-PAH, PAH is still considered a severe complication

of MCTD, seriously worsening the prognosis of the
disease46,47,48. AECA in the sera of patients with MCTD can
activate endothelial cells and provoke surface adhesive

Table 3. Effects of clinical and serological characteristics on survival during the disease course of mixed
connective tissue disease (MCTD).

Characteristics Living Patients, Deceased Patients, p 95% CI RR
n = 258 n = 22

Age at diagnosis of MCTD, yrs 41.8 ± 10.7 35.5 ± 10.4 0.03
Disease duration, yrs 13.2 ± 7.6 12.3 ± 7.5 0.835

(r: 1–29) (r: 1–26)
Polyarthritis 192 15 0.612 0.2878–1.886 0.736
Raynaud phenomenon 151 10 0.265 0.2461–1.417 0.5905
Pulmonary arterial hypertension 41 9 0.0071 1.47–9.133 3.664
Myositis 81 10 0.234 0.7556–4.389 1.821
Interstitial lung disease 124 8 0.3750 0.2504–1.523 0.6175
Serositis 69 14 < 0.001 1.926–11.927 4.793
Esophageal hypomotility 133 6 0.04 1.076–7.483 2.837
CNS involvement 52 4 1.0 0.2856–2.713 0.8803
Sclerodactyly 102 15 0.8226 0.3544–2.040 0.8503
Skin manifestations 95 7 0.8181 0.3152–2.034 0.800
Kidney involvement 8 3* 0.04 1.208–20.147 4.934
Cardiovascular events 84 14 < 0.0001 1.463–8.979 3.625
Cancer 10 6 < 0.001 2.999–28.837 9.3
Antiphospholipid syndrome 62 10 0.039 1.085–6.394 2.634
AECA positivity 78 16 0.002 2.30–16.321 6.154
aCL IgG/M/A positivity 85 13 0.0190 1.209–7.151 2.94
Anti-ß2-GPI IgG/M/A positivity 66 13 0.002 1.717–10.283 4.202
Anti-SSA positivity 88 4 0.1587 0.1409–1.308 0.4293
Anti-dsDNA positivity 9 0 — — —
Anti-Sm positivity 17 2 0.6516 0.1520–3.274 0.705
ACPA positivity 51 2 0.2710 0.0918–1.793 0.4059
Treatment with high-dose steroid† 201 18 0.783 0.2549–2.409 0.783
Treatment with cytotoxic agent†† 190 19 0.305 0.1265–1.538 0.4412
Treatment with anti-TNF-α 42 0 — — —

monoclonal antibodies

* Kidney damage due to thrombotic thrombocytopenic purpura. † Dosage ≥ 1 mg/kg/day methylprednisolone.
†† Methotrexate, cyclophosphamide, or azathioprine. CNS: central nervous system; AECA: antiendothelial cell
antibody; aCL: anticardiolipin antibody; anti-ß2-GPI: ß2-glycoprotein I antibody; ACPA: anticitrullinated
protein antibody; TNF-α tumor necrosis factor-α.

Table 4. Basic immunosuppressive therapy in 280 patients with mixed connective tissue disease (MCTD).

Clinical Symptoms (no. patients) Treatment

Skin (rash, photosensitivity; n = 102) CS and antimalarials
Arthritis (n = 207) Antimalarials, low-dose CS (prednisone ≤ 20 mg/day), MTX for flares
Erosive arthritis (n = 44) MTX, disease-modifying agents such as TNF-α blockers
Serositis (n = 83) 0.25–1 mg/kg CS
Pulmonary involvement

Interstitial lung disease (n = 132) High-dose CS* (≥ 1 mg/kg), often pulse CS (1 g/day for 3 days), and CYC or MMF
Pulmonary arterial hypertension (n = 50) High-dose CS* (≥ 1 mg/kg), often pulse CS (1 g/day for 3 days), CYC

In addition: prostanoids, endothelin receptor antagonists, phosphodiesterase-5 inhibitor, 
and anticoagulants (LMWH)

Renal disease (n = 8) CS (0.25–1.0 mg/day), CYC
Myositis (n = 91) CS (0.5–1 mg/kg)

Consider CYC or IVIG, azathioprine

* Dosage ≥ 1 mg/kg/day methylprednisolone. MTX: methotrexate; CYC: cyclophosphamide; MMF: mycophenolate mofetil; IVIG: intravenous immune
globulin; CS: corticosteroid; LMWH: low molecular weight heparin; TNF: tumor necrosis factor.
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proteins. AECA are often associated with aCL antibody
reactivity27. Others did not find association between AECA
and aCL antibodies in SLE-PAH patients49.

TTP is a rare and occasionally fatal hematologic
disorder in MCTD50,51. Three patients developed
TTP/HUS, and all died. These patients had active disease
with severe arthritis and pericardial fluid. The progression
of symptoms was extremely fast, and they were refractory
to any treatment modalities, including plasmapheresis.
Platelet and fibrin thrombi occluded capillaries and
arterioles in the kidney, pancreas, myocardium, brain, and
other organs.

In our series, infections also played a pivotal role in the
mortality. HCV infection worsened the condition of 2
patients. Permanent CS treatment was necessary in these 2
patients, because they had recurrent ILD. The third patient
died in staphylococcus sepsis, after the active myositis had
been treated with CS. 

Many autoimmune diseases have been reported to be
associated with malignancies. In MCTD there are only case
reports about coexisting malignant tumors52,53. In our
series, 16 out of 280 patients (5.7%) had malignant
neoplasms. Six patients died; however, the cause of death
was not the tumor itself. The prevalence of malignancies in
our MCTD group was similar to those reported for
Hungarian SLE (4.3%) and systemic sclerosis populations
(4.6%)54,55.

Immunosuppressive therapy is a key factor affecting
survival in systemic autoimmune diseases. Immuno-
suppression decreases the organ damage, but immunosup-
pressive treatment may also increase longterm morbidity
associated with adverse effects, such as increasing the risk
of infections and tumors. In our series there was no signifi-
cant difference in the treatment with high-dose steroids
and cytotoxic agents between the living and deceased
patients.

We conclude that MCTD is a distinct entity, with
well-defined clinical symptoms. The probability of survival
of patients is better than 20 years ago. Despite the modern
treatment, PAH remained the leading cause of death in
MCTD. The traditional risk factors, the presence of auto-
antibodies, and vitamin D deficiency may explain the
increased prevalence of atherosclerosis. Concerning
aggressive therapeutic regimes in MCTD, they decrease
organ damage, yet may cause novel complications such as
infections, accelerated atherosclerosis, or cancer. During the
last decade the number of cardiovascular events increased in
MCTD. Pathological inflammatory mechanisms are clearly
present in MCTD that can lead to impaired endothelial
function.

We believe that monitoring accelerated atherosclerosis
and cardiovascular risk factors is an important diagnostic
and followup task in modern management of patients with
MCTD.
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