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Abstract
Background: The phenotypic stability of mixed connective tissue disease (MCTD) is not clear, and knowledge
about disease activity and remission is scarce. We aimed to establish the occurrence of evolution from MCTD
to another defined rheumatic condition, and the prevalence and durability of remission after long-term observation.
Methods: In this large population-based prospective observational MCTD cohort study (N = 118), disease conversion
was defined by the development of new auto-antibodies and clinical features compliant with another well-defined
rheumatic condition. Remission was defined by a combination of systemic lupus erythematosus disease activity index
2000 (SLEDAI-2 K) of 0 and European League Against Rheumatism scleroderma trials and research (EUSTAR) activity
index <2.5. Predictors of phenotypic stability and disease remission were assessed by logistic regression.
Results: Among 118 patients, 14 (12%) developed another well-defined rheumatic condition other than MCTD after
mean disease duration of 17 (SD 9) years. Puffy hands predicted a stable MCTD phenotype in univariable regression
analysis (OR 7, CI 2–27, P = .010). Disease activity defined by SLEDAI-2 K, decreased gradually across the observation
period and > 90% of patients had EUSTAR activity index <2.5. There were 13% patients in remission throughout the
whole mean observation period of 7 (SD 2) years. The strongest predictor of remission was percentage of predicted
higher forced vital capacity.
Conclusions: Our results strengthen the view of MCTD as a relatively stable disease entity. Long-term remission in
MCTD is not frequent; however, the low SLEDAI-2 K and EUSTAR scores during the observation period suggests that
the disease runs a milder course than systemic lupus erythematosus and systemic sclerosis.
Keywords: Mixed connective tissue disease, Antibodies, Systemic lupus erythematosus, Systemic sclerosis,
Anti-ribonucleoprotein, Remission

Background
Mixed connective tissue disease (MCTD) is a chronic,
immune-mediated disorder defined by the combined
presence of high titer serum anti-ribonucleoprotein
(RNP) antibodies and overlapping features of two or
more of the systemic rheumatic disorders: systemic
sclerosis (SSc), systemic lupus erythematosus (SLE),
polymyositis and rheumatoid arthritis (RA) [1]. MCTD
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was first presented as a separate disease entity in 1972
by Sharp and colleagues [2]. Since then there has been an
ongoing debate about the validity, reliability and appropriateness of the diagnosis; and it has been discussed whether
MCTD represents an undifferentiated, transient or stable
phenotype. Attempts to resolve these issues have not
given consistent results [3–7]. Four MCTD classification
criteria have been suggested (Sharp, Kasukawa, AlarconSegovia and Kahn) and variably used, possibly resulting in
disparate study cohorts. The previous studies assessing
the stability of the MCTD phenotype have defined their
original patient cohorts by varying criteria [8] and the definitions of cases evolving from MCTD to other systemic
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rheumatic diseases have differed and not always been
clear. The studies by Van den Hoogen [9], Gendi [5] and
Ungprasert [7] regarded patients as having evolved from
MCTD when they met one or more of the classification
criteria for SLE, SSc and RA, thus reporting on patients
evolving from MCTD to overlap syndromes. This can be
viewed as contradictive when MCTD is defined as a specific overlap syndrome. Nimelstein [10] and Cappelli [6]
excluded asymptomatic patients from having MCTD. By
applying this strategy, these studies discarded the possibility of attaining remission in MCTD. This is in apparent
contrast to Sharp’s original paper [2] where it was
stated that MCTD responded well to steroids and had a
good prognosis, indicating that many patients attained
remission following treatment [2]. However, since there
are no specific measures for disease activity in MCTD,
remission is not easily defined. Consequently, there is a
distinct lack of data on the durability and stability of
remission in this disorder.
Consensus on the stability of MCTD would affect future research and the management of patients. Several
previous studies have assessed morbidity and mortality
risk factors and prognosis in cohorts where, at a defined
time point patients fulfilled one or more of the criteria
sets for MCTD [11–19]. Ultimately, when clinicians assess an individual patient, the key question is: does the
patient belong to a specific risk group?
In this study, we aimed to examine the issue of phenotypic stability, and the prevalence and durability of disease remission in our unselected large population-based
MCTD cohort. We assessed phenotypic stability by longitudinal analyses of antibodies and clinical features. Disease remission was defined by absence of disease
activity, evaluated by the validated disease activity indexes developed for SSc and SLE [20, 21]. Additionally,
we investigated if clinical parameters could predict
phenotypic stability and/or disease remission.

Methods
Study cohort

We studied 118 patients from the previously described
Norwegian nationwide MCTD cohort [22]. The original
cohort included 147 patients recruited from all the Departments of Rheumatology in Norway during the years of
2005–2008 [22]. The cohort inclusion criteria were: age
above 18 years; fulfillment of at least one of the three sets
of criteria for MCTD, the modified Sharp’s criteria [2], the
criteria of Alarcón-Segovia [23] and/or Kasukawa [24] and
exclusion of another connective tissue disease.
Clinical data

Patients were assessed at two time points during their
disease course: at time point 1 (T1) when the nationwide
cohort was established and at time point 2 (T2) for the
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current study. All patients were examined according to
the study protocol at T1. At T2, 87% of the patients
were re-examined according to the study protocol. Data
were collected by manual review of electronic records
(EPR) in the remaining patients. The study protocol included detailed investigations of clinical features, pulmonary function tests (PFT), chest computed
tomography (CT), radiographs of the hands, physician’s
global assessment (PhGA), routine blood tests and antibody screening. Additionally, these parameters were
assessed throughout the observation period by EPR review. Use of the following medications were registered:
proton pump inhibitors, nonsteroidal anti-inflammatory
drugs (NSAIDs), corticosteroids, azathioprine, methotrexate, cyclophosphamide, mycophenolate, hydroxychloroquine (HCQ), iloprost (a synthetic analog of
prostacyclin PGI2), endothelin receptor antagonists,
phosphodiesterase 5 inhibitors (PDE5), calcium channel
blockers, tumor necrosis factor (TNF) alpha inhibitors
and rituximab. Myositis was defined by the parameters
applied in the 2 K version of SLE disease activity index
(SLEDAI-2 K) [20]: proximal muscle weakness with creatine kinase (CK) elevation, electromyography (EMG)
changes or positive muscle biopsy. Radiographs of the
hands were assessed for the presence of bone erosions.
Interstitial lung disease (ILD) was defined by the presence of pulmonary fibrosis on high-resolution CT as previously described [16]. PFTs were performed according
to the American Thoracic Society/European Respiratory
Society guidelines [25], using an automated Vmax
V6200 system (Sensor Medics, VIASYS Respiratory Care
Inc, Yorba Linda, CA, USA). Recorded variables were
the percentage of predicted value of forced vital capacity (FVC% pred) and percentage of predicted value
of gas diffusing capacity of the lung for carbon monoxide (DLCO% pred). Decreased motility of the
esophagus was defined by dynamic x-ray and/or by
chest CT (when columns of air and distension that
more than doubled esophageal wall thickness were
identified). The PhGA was evaluated by a rheumatologist on a scale from 0 to 100 (mm).
Biochemical parameters, auto-antibodies and HLA typing

Routine blood tests, including hematology, liver and kidney function, erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) were analyzed at T1 and T2.
Additionally, these parameters were assessed throughout
the observation period by EPR review. Blood samples
drawn at T1 were analyzed for anti-ribonucleoprotein
(anti-RNP) using the fully automated fluorescence enzyme immunoassay Phadia 250 (Thermo Fisher Scientific, Phadia GmbH, Freiburg, Germany). We also
performed a line immunoassay (ANA Profile 5 Euroline
Blot test kit; Euroimmun, Lubeck, Germany) with the
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three recombined proteins present in the U1-RNP protein complex [26] at T1. HLA typing was performed at
T1 as previously described [27]. Blood samples drawn at
T2 were analyzed for anti-RNP, anti-histidyl-tRNA synthetase (anti-Jo1), anti-Sjögrens Syndrome antigen A
(anti-SSA) and B (anti-SSB), anti-centromere protein-B
(ACA), anti-topoisomerase I (anti-scl70) and anti-Smith
(anti-Sm) using the same immunoassay (Phadia 250).
Anti-RNP values were reported from < 1 to > 240 U/mL.
The value of 240 was assigned to all anti-RNP measurements of > 240 U/mL for statistical purposes. Antidouble-stranded DNA (anti-dsDNA) was confirmed by
indirect immunofluorescence using Crithidia luciliae
CLIFT immunofluorescence test (CLIFT) and anticitrullinated protein antibodies (ACPA) were measured
by enzyme-linked immunosorbent assay (ELISA) at T2.
Values ten times above the defined cutoff values defined
by the laboratory were recorded as strongly positive
while values less than three times the cutoff values were
recorded as weakly positive. Serum concentrations of C3
and C4 were quantified by nephelometry (Behring, Liederbach, Germany) at T2. Low complement was defined
as a C3 and/or C4 count below the lower normal limits:
0.70 g/L for C3 and 0.10 g/L for C4. Thrombocytopenia
was defined as < 100 × 109 platelets/L and leukopenia
was defined as < 3 × 109 white blood cells (WBC)/L.
Definition of disease conversion

Patients were defined as having evolution from
MCTD when there had been a definite change in the
antibody profile together with the occurrence of clinical features compliant with another well-defined
rheumatic condition. In cases where more than one
specific auto-antibody was identified, the dominant
antibody specificity was weighed together with the
clinical features.
Definition of disease remission

There is no validated MCTD disease activity measure or
index. The manifestations of MCTD overlap the clinical
features of SSc, SLE, idiopathic inflammatory myopathy
(IIM) and RA. The SLEDAI-2 K is a validated activity
measure for patients with SLE [20]. The preliminary
European Scleroderma Trials and Research group
(EUSTAR) disease activity index was recently derived
and validated in a large SSc cohort [21]. We regarded
MCTD activity to be measured appropriately by combining the SLEDAI-2 K and EUSTAR activity index. We
considered the myositis and arthritis activity in MCTD
patients to be sufficiently measured by the SLEDAI-2 K.
In agreement with the recent Definitions of Remission
in SLE (DORIS) working group recommendations we
defined remission as SLEDAI-2 K = 0 and made the distinction between patients on and off therapy [28].
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Remission off therapy required the patient to be on no
immune-modulating treatment other than maintenance
HCQ. We also allowed for proton pump inhibitors, calcium channel blockers and intermittent use of NSAIDs.
Remission on therapy allowed patients to be on lowdose oral corticosteroids (≤5 mg daily) and stable maintenance doses of azathioprine, methotrexate and mycophenolate. The SLEDAI-2 K was measured at two time
points (T1, T2) and cumulatively between the two time
points. Since the EUSTAR activity index is a measurement of change it was measured at T1 and at T2. Patients with MCTD were defined as being in remission
when the SLEDAI-2 K = 0 and the EUSTAR activity
index was < 2.5 [21]. As most clinical features in MCTD
have a relapsing-remitting pattern, we assessed remission throughout longer time periods in addition to T1
and T2. The term “durable remission” was used to describe patients who were in remission at T1, throughout
the observation period and at T2. The term “extended
remission” was used to describe patients who had active
disease at T1 but achieved remission during the observation period, and were in remission at T2.
Statistical methods

Groups were compared appropriately using the chisquare test, Fisher’s exact test or one-way analysis of
variance (ANOVA) with Tukey’s test or the Kruskal–
Wallis test and Mann–Whitney U test for post hoc comparison depending on the distribution. Univariable and
multivariable logistic regression analyses were performed
to identify predictors of phenotype stability, remission at
T2, extended remission and durable remission. Clinical
characteristics, age, gender, medications used and
remission status at T1 were assessed as possible predictors. Using a manual backward elimination procedure, variables at a significance level of P < 0.250
in the univariable analyses were considered candidates for the multivariable predictive model for remission. The prediction was quantified by the odds
ratio (OR) with its 95% CI. The Hosmer-Lemeshow
goodness-of-fit-test, the Pearson goodness-of-fit test,
area under the receiver operating characteristic
(ROC) curve, link test, Box–Tidwell test of linearity
of the logit and standardized Pearson residuals were
all used as measures of fit in the multivariable logistic regression models.

Results
Characteristics of the Norwegian MCTD cohort

Altogether, 16 of the 147 patients from the original
nationwide cohort had died before the reexamination at time point T2, while 13 were lost to
follow up (Fig. 1). The 13 patients lost to follow up
were similar to the rest of the cohort in age, gender
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Fig. 1 Overview of long-term disease evaluation in the population-based Norwegian mixed connective tissue disease (MCTD) cohort (N = 147).
ASA, anti-Jo1 positive anti-synthetase syndrome; SSc, systemic sclerosis; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus

distribution and clinical characteristics, while the 16
patients who died before re-examination had older
mean age and higher prevalence of pericarditis and
ILD (Table 1). Information about the cause of death
was available in nine patients. Three patients died of
lung cancer, one patient died of pancreas cancer, one
patient died from hepato-renal syndrome secondary
to alcoholism and two patients died from coronary
artery disease. Further, two of the deceased patients
had extensive ILD and precapillary pulmonary hypertension (PH). In the remaining seven patients data
on the cause of death were unavailable.

The prevalence and prediction of phenotype stability

Clinical examinations and auto-antibody profiles analyzed in the 118 longitudinally observed patients demonstrated that 14 patients (9%) had evolved to another
specific rheumatic condition during the observation
period (Fig. 1; Additional file 1). The mean (SD) observation time between T1 and T2 was 7 (2) years. At T2, the
mean disease duration was 17 (9) years. More than 90%
of the 118 patients had disease duration > 8 years and
were observed for > 5 years. At the time point of reexamination (T2) we found that six patients had shifted
to SLE, four to RA, three to SSc and one patient had

Table 1 Demographics of the longitudinally observed patients, deceased patients and patients lost to follow up (N = 147)
Demographics

Longitudinally observed patients
(N = 118)

Lost to follow up
(N = 13)

Deceased before re-examination
(N = 16)

Age at T1, years, mean (SD)

44 (14)

48 (16)

61 (13)a

Disease duration at T1 years, mean (SD)

10 (8)

11 (9)

11 (7)

Male gender, N (%)

28 (24)

1 (8)

4 (25)

Anti-RNP, U/mL, median (IQR)

92 (19–240)

91 (33–235)

90 (4–196)

Puffy handsb, N (%)

108 (92)

12 (92)

14 (88)

b

Arthritis , N (%)

92 (78)

12 (92)

12(75)

Myositisb, N (%)

36 (30)

3 (23)

6 (38)

Pericarditis , N (%)

11 (9)

2 (15)

6 (38)c

Sclerodactyly, N (%)

33 (28)

6 (46)

5 (31)

Plevritis , N (%)

14 (12)

3 (23)

4 (25)

Percentage DLCO pred, mean (SD)

75 (19)

75 (14)

66 (16)

Percentage FVC pred, mean (SD)

93 (18)

88 (19)

88 (24)

Interstitial lung disease, N (%)

39 (34)

4 (50)

9 (69)d

b

b

T1 time point 1, Anti-RNP anti-ribonucleoprotein, DCLO pred predicted value of gas diffusing capacity of the lung for carbon monoxide, FVC pred predicted value
of forced vital capacity
a
Significant mean age difference between the deceased patients compared to the longitudinally observed patients of 17 years (95% CI 8–26, P < .001) and
compared to the patients that were lost to follow up: 13 years (95% CI 1–26, P = .033)
b
Ever present at T1
c
Significantly higher prevalence of pericarditis (P = .001) in the deceased patients compared to the longitudinally observed patients
d
Significantly higher prevalence of interstitial lung disease (P = .038) in the deceased patients compared to the longitudinally observed patients
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shifted to anti-Jo1 positive anti-synthetase syndrome
(ASA) (Fig. 1; Additional file 1). Clinical and serological
parameters of the 104 patients with the stable MCTD
phenotype and the 14 diagnostic converters are shown
in Table 2 and Additional file 2. At T2, the mean disease
duration was 17 (9) years in the 104 patients with a
stable MCTD phenotype and 16 (8) years in the 14 diagnostic converters. The mean observation period was 7
(3) in patients with a stable phenotype and 7 (2) years in
the diagnostic converters. The cumulative presence of
puffy hands at T1 was the only predictor of MCTD
phenotype stability at T2 (OR 6.5, CI 1.6–27.1, P = .010)
in univariable logistic analyses.
The prevalence and prediction of remission

Disease activity measured by the median SLEDAI-2 K
score decreased with time in the patients with a stable
phenotype (N = 104). Correspondingly, the number of
patients who had a SLEDAI-2 K score = 0 increased
from T1 to T2 (Additional file 3). The majority of

patients with active disease had arthritis and rash,
followed by alopecia (Additional file 3). These manifestations were all found to decrease over time, differing
from leukopenia that fluctuated and thrombocytopenia
that was persistent in the affected patients. There were
two new cases of onset of trigeminal neuropathy
between T1 and T2 and one of persistent myositis
(Additional file 3). When disease activity was measured
by the EUSTAR activity index recently developed for
SSc, we found that less than 10% of the patients with
MCTD had active disease (Additional file 4). The prevalence of digital ulcers decreased from T1 to T2, while
the prevalence of patients with DLCO % pred <70 increased slightly, and was evident in 42% of patients at
T2 (Additional file 4). The number of patients in remission (defined as a SLEDAI-2 K score = 0 and EUSTAR
activity index <2.5) during the observation period is
shown in Fig. 2. In total 13 patients (13%) met the definition of “durable remission”, while 31 patients (30%) met
the definition of extended remission and 48 patients

Table 2 Clinical parameters of patients with stable MCTD phenotype and diagnostic converters at time point 1
Demographics

Stable MCTD phenotype
N = 104

Diagnostic converters
N = 14

Age, years, mean (SD)

43 (14)

45 (13)

Disease duration years, mean (SD)

10 (9)

9 (7)

Male gender, N (%)

27 (26)

1 (7)

Alarcon-Segovia’s criteria

95 (91)

13 (93)

Kasukawa’s criteria

89 (86)

12 (86)

Sharp’s criteria

101 (97)

13 (93)

Interstitial lung disease, N (%)

36 (36)

3 (21)

Puffy hands, N (%)

98 (94)

10 (71)a

Arthritis, N (%)

79 (76)

13 (93)

Myositis, N (%)

34 (33)

2 (14)

Cumulative frequency of clinical features

Raynaud’s phenomenon, N (%)

103 (99)

14 (100)

Sclerodactily, N (%)

30 (29)

3 (21)

Leukocytopenia, N (%)

30 (29)

7 (50)

Thrombocytopenia, N (%)

17 (16)

0

Facial erythema, N (%)

44 (42)

6 (43)

Pericarditis, N (%)

10 (10)

1 (7)

Pleuritis, N (%)

13 (13)

1 (7)

Pulmonary function tests
Percentage DLCO pred, mean (SD)

74 (17)

80 (14)

Percentage FVC pred, mean (SD)

92 (18)

99 (14)

Anti-RNP, U/mL, median (IQR)

27 (5–66)

104 (25–240)

HLA DRB1*04:01, N (%)

49 (50)

4 (31)

Genetics and anti-RNP antibodies at T1

MCTD mixed connective tissue disease, DCLO pred predicted value of gas diffusing capacity of the lung for carbon monoxide, FVC pred predicted value of forced
vital capacity, Anti-RNP anti-ribonucleoprotein
a
Significantly greater proportion of patients with puffy hands (P = .004) in the stable MCTD phenotype group compared to diagnostic converters
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Fig. 2 Remission in patients with mixed connective tissue disease (MCTD) on and off therapy (N = 104). 1Remission on therapy includes patients
using corticosteroids at ≤ 5 mg/day, azathioprine, mycophenolate and methotrexate. 2Remission off therapy includes patients using hydroxychloroquine,
calcium channel blockers and nonsteroidal anti-inflammatory drugs. T1, timepoint 1; T2, timepoint 2; SLEDAI-2 K, systemic lupus erythematosus disease
activity index 2000; EUSTAR, European League Against Rheumatism scleroderma trials and research

(46%) were in remission at T2 (Fig. 2 and Additional file
5 show patients in remission on and off therapy and patients excluded from the remission group due to medications not compatible with remission). We observed that
two patients with ILD progression and one with progressive pulmonary arterial hypertension (PAH) were classified by the EUSTAR activity index as having inactive
disease, but due to their medications (cyclophosphamide
and endothelin receptor antagonist) the three patients
were not defined as being in remission. We found that
the median PhGA was lower in the durable remission
group than in the patient groups with shorter duration
of remission (Additional file 5).
We assessed possible predictors of the three remission
groups (remission at T2, extended remission and durable
remission). In both univariable (Additional file 6) and
multivariable analyses higher FVC % pred at T1 enhanced the odds of achieving and remaining in remission (Table 3). Patients with thrombocytopenia ever
present at T1 and patients using NSAIDs at T1 were less
likely to be in both extended remission and remission at
T2, in univariable analyses (Additional file 6). The strongest predictors of being in remission at the time of reexamination (T2) were high FVC % pred and never having thrombocytopenia. In the multivariable model the
strongest predictors of extended remission were higher
FVC % pred, elevated CK and never having digital ulcers. The strongest predictors of durable remission were
negative anti-RNP test, higher FVC % pred, never having
facial erythema and not using NSAIDs (Table 3).

Discussion
Phenotype stability in MCTD has been an ongoing debate for many years, but has rarely been addressed by
large, population-based longitudinal studies. In this
study we showed that the phenotype appears stable in
the majority of patients and even though durable remission was rare, the outcome was favorable in terms of declining disease activity over time. These results provide
important new knowledge on long-term outcome and
should have an impact on the management of patients
with MCTD.
Defining a clinical entity based on auto-antibody specificity was viewed as controversial in 1972, but the continuing discoveries of relevant auto-antibody analyses for
diagnostic and risk classification purposes [29, 30] may
possibly prove its value. Hence, we reasoned that it was
rational to examine disease conversion by investigating a
change in auto-antibody status together with clinical features in patients with MCTD. By this approach, we identified 14 converters, 5 of whom shifted to SLE and had
high titers of anti-dsDNA and low levels of complement.
The second largest group of converters developed ACPA
positivity and were defined as RA converters. Hand radiographs revealed that all four patients in this group
had bone erosions. This was only seen in nine other patients from the original MCTD cohort. Thus, bone erosions are uncommon in MCTD and should raise a query
about the risk of group change. Three patients had
shifted to SSc with the development of ACA. One of
these patients had a complex phenotype with high titers
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Table 3 Predicting models of remission at time point 2, extended remission and durable remission by multivariable logistic
regression analyses (N = 104 patients)
Clinical features
present at T1

Model 1: remissiona at T2 (N = 48)
OR

95% CI

P value

OR

95% CI

P value

OR

95% CI

P value

Increased CKb

-

-

-

3.18

1.17–8.67

.024*

-

-

-

Facial erythemab

-

-

-

-

-

-

0.11

0.01–0.81

.030*

b

Model 2: extended remissiona (N = 31)

Model 3: durable remissiona (N = 13)

Digital ulcers

-

-

-

0.25

0.08–0.77

.015*

-

-

-

Trombocytopheniab, c

0.05

0.01–-0.44

.006**

-

-

-

-

-

-

FVC % pred (pr 10%)

1.37

1.04–1.79

.026*

1.56

1.13–2.16

.007**

1.71

1.04–2.80

.033*

NSAID medication

-

-

-

-

-

-

0.05

0.00–0.73

.028*

Negative anti-RNP

-

-

-

-

-

-

15.0

1.97–113.59

.009**

Area under receiver operating curve (ROC) was 73% for Model 1, 76% for Model 2 and 83% for Model 3
T1 time point 1, T2 time point 2, CK creatine kinase, FVC % pred percentage of predicted forced vital capacity, NSAIDs nonsteroidal anti-inflammatory drugs,
anti-RNP anti-ribonucleoprotein, ROC receiver operating characteristic
* P <.05; ** P <.01
a
Includes patients in remission both on and off therapy; medications allowed were hydroxychloroquine, NSAIDs, corticosteroids at ≤ 5 mg daily, calcium channel
blockers, methotrexate, mycophenolate and azathioprine
b
Ever present at T1
c
Thrombocytes <100 × 109 platelets/L

of anti-SSA and anti-SSB and subsequent mucosaassociated lymphatic tissue (MALT) lymphoma. Importantly, there was no enrichment of patients with multiple
auto-antibodies in the cohort. The cumulative manifestation of puffy hands at T1 was associated with MCTD
phenotypic stability, possibly indicating that the manifestation should be included if a unified MCTD classification criteria set was to be used.
Nearly half of the patients with MCTD were in remission at the time of re-examination at T2, but only 13%
had been in sustained remission throughout the whole observation period. The SLEDAI-2 K scores fell across the
observation period, equally to what has been reported in
SLE cohorts [31]. We identified lower SLEDAI-2 k scores
in our cohort than were found by Carpintero et al. in 2015
[32]; this could be due to differences in cohort populations
and disease duration. The SLEDAI-2 K scores also appeared lower than described in SLE cohorts [33]. In
addition, the EUSTAR activity index scores were lower in
our MCTD cohort than reported in the SSc cohort used
for index validation [21]. The ILD prevalence was less
than in SSc cohorts [16] and our research group have previously shown that the percentage of total lung volume affected is less than reports from SSc cohorts [34]. Taken
together, these results suggest that MCTD involves milder
disease activity than SSc and SLE. There are however
some concerns: mortality rates have been reported to be
high in MCTD [14] and it is known from SLE studies that
organ damage increase over time even though disease activity decreases [35]. Organ damage over time in MCTD
should be assessed further in future studies.
Negative anti-RNP antibodies were a predictor of durable remission in the multivariable model, but not a predictor of the other remission groups. Thus, we did not

find negative anti-RNP antibodies to be as strongly associated with remission as Burdt et al. reported in 1999
[36]. Reasons for this might include the small number of
patients with negative anti-RNP antibodies and the strict
definition of remission. The strongest predictor of remission at all time points was higher FVC % pred at T1,
possibly reflecting a connection between lung disease
and MCTD disease activity.
One of the limitations of this study was that 9% of the
original nationwide cohort was lost to follow up and
11% had died before re-examination (T2). However it
appeared that patients lost to follow up did not differ
significantly from the rest of the cohort. Another limitation was incomplete clinical and antibody profiles of the
patients that died before re-examination (11%). By
reviewing clinical information and cause of death in
these patients we lowered the possibility of selection
bias. Additionally, diagnostic conversion and durable remission was found to be rare, thus weakening the predictor findings. Major strengths of the study are (1) the
long-term observation period, (2) the protocol-based examinations at two time points (in addition to thorough
EPR reviews), (3) results from a large MCTD population
and (4) minimal selection bias (unselected nationwide
MCTD cohort). Additional strengths were strict definitions of disease conversion, and application of validated
remission criteria derived from two diseases with features overlapping those of MCTD.

Conclusion
The results of this study indicate that the majority of patients with MCTD retain their phenotype during longterm observation and MCTD involves milder disease activity than SSc and SLE.
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