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Abstract

Objectives—To characterize the epidemiology of mixed connective tissue disease (MCTD) from
1983 to 2014.

Methods—An inception cohort of patients with incident MCTD in 1985-2014 in Olmsted
County, Minnesota was identified based on comprehensive individual medical record review.
Diagnosis of MCTD required fulfillment of at least one of the four widely-accepted diagnostic
criteria without fulfillment of classification criteria for other connective tissue diseases. Data were
collected on demographic characteristics, clinical presentation, laboratory investigations and
mortality.

Results—A total of 50 incident cases of MCTD were identified (mean age 48.1 years and 84%
were female). The annual incidence of MCTD was 1.9 per 100,000 population. Raynaud's
phenomenon was the most common initial symptoms (50%) followed by arthralgia (30%) and
swollen hands (16%). The diagnosis was frequently delayed with the median time from first
symptom to fulfillment of criteria of 3.6 years. At fulfillment of criteria, arthralgia was the most
prevalent manifestation (86%) followed by Raynaud's phenomenon (80%), swollen hands (64%),
leukopenia/lymphopenia (44%) and heartburn (38%). Evolution to other connective tissue
occurred infrequently with 10-year rate of evolution of 8.5% and 6.3% for SLE and SSc,
respectively. The overall mortality was not different form the general population with standardized
mortality ratio: 1.1 (95% ClI, 0.4-2.6).
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Conclusions—This study was the first population-based study of MCTD to provide a complete
picture of epidemiology and clinical characteristics of MCTD. MCTD occurred in about 2 persons
per 100,000 per year. Evolution to other connective diseases occurred infrequently and the
mortality was not affected.

Keywords

Epidemiology; Mixed connective tissue disease; Raynaud's phenomenon

Introduction

Methods

Mixed connective tissue disease (MCTD) is an autoimmune disorder characterized by the
features of several connective tissue diseases, including systemic lupus erythematosus,
systemic sclerosis, polymyositis and rheumatoid arthritis, in association with the presence of
high titer of autoantibody to U1 ribonucleoprotein (RNP). It was first described as a distinct
entity by Sharp et al in 1972 (1, 2).

The epidemiology of MCTD, especially the annual incidence and mortality, is not well-
described as only two epidemiological studies from northern Europe have been reported.
The first of these was published in 1996 (3). This study used the resource of the Finnish
National Insurance database to identify incident cases of MCTD. The age- and sex-adjusted
incidence of MCTD was 0.8 per 100,000 person-years. A more recent study from Norway
published in 2011 suggested a lower incidence (0.2 per 100,000 person-years) (4).

The natural history and outcome of patients with MCTD are also not well-characterized as
previous studies yielded inconsistent results. One study reported that over half of patients
with MCTD evolved to either systemic lupus erythematosus (SLE) or systemic sclerosis
(SSc) (5) while a subsequent study found such evolution in only 13% of their cohort (6).

The aim of this study was to characterize the epidemiology of MCTD, with emphasis on
annual incidence and mortality, from 1985 to 2014, through the resources of the Rochester
Epidemiology Project (REP). We also aimed to describe the clinical characteristics, natural
history and outcome of patients with MCTD.

Data source and study population

Through the resources of the Rochester Epidemiology Project (REP), the population of
Olmsted County, Minnesota, is well suited for investigation of the epidemiology of MCTD
because comprehensive medical records and laboratory investigations for all residents
seeking medical care for several decades are available. REP enumerates the population by
linking medical records across different health care providers to create a list of unique
subjects. Residency criteria were then applied to all unique subjects to describe the residency
status of the subjects over time. This method ensures a complete description of a dynamic
cohort of persons over time. The diagnostic codes, surgical procedure codes, laboratory
values and demographic information from visits with all health care providers for the
County population, including the Mayo Clinic, the Olmsted Medical Center and their
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affiliated hospitals, local nursing homes, and the few private practitioners, are available
electronically. Only a small proportion of the population (approximately 4%) does not allow
their medical records to be used in research (7). The potential of this record linkage system
for use in population-based studies has previously been described (7, 8).

Approval for this study was obtained from the Mayo Clinic and Olmsted Medical Center
institutional review boards and the need for informed consent was waived.

Study design

A cohort containing adult Olmsted County, Minnesota residents age 18 years and older
diagnosed with MCTD between January 1, 1985 and December 31, 2014 was identified.
Potential cases were initially identified from the laboratory database of positive autoantibody
to RNP. Tests were performed using enzyme-linked immunosorbent assay (ELISA) with the
value of more than or equal to one unit considered positive and more than or equal to two
units considered high positive. Medical records of these potential cases were individually
reviewed. Diagnosis of MCTD required fulfillment of at least one set of the four widely-
accepted diagnostic criteria (Sharp, Alarcon-Segovia, Kasukawa or Kahn criteria) (9, 12)
without fulfillment of classification criteria for systemic lupus erythematosus (SLE),
systemic sclerosis (SSc), idiopathic inflammatory myositis (1IM) or rheumatoid arthritis
(RA) (13-17). Cases with a diagnosis of MCTD prior to residency in Olmsted County or
prior to the study period were not included.

A standardized data extraction form was utilized to record the following information: date of
fulfillment of criteria, date of birth, sex, self-reported ethnicity, date of last follow-up, vital
status at last follow-up (dead or alive), cause of death and serology including antinuclear
antibody (ANA), anti-ribonucleoprotein (RNP), anti SS-A, anti SS-B, anti-Sm, anti-Jo-1,
anti-Scl-70, anti-centromere, anti-ribonucleic acid (RNA) polymerase 111, anti-double-
stranded deoxyribonucleic acid (DNA), rheumatoid factor (RF), anti-cyclic citrullinated
peptide (CCP) and complement level(s) at fulfillment of criteria. The presence of the
following manifestations at fulfillment of criteria was documented: Raynaud's phenomena,
arthritis/arthralgia, swollen hands, sclerodactyly, dysphagia, heartburn, myositis/myalgia,
interstitial lung disease, pulmonary hypertension, pleuritis, pericarditis, facial erythema,
lymphadenopathy, leukopenia, lymphopenia, thrombocytopenia, renal disease and
neurological involvement. The presence of the aforementioned manifestations any time
during follow-up, date of first appearance of those manifestations, and evolution to SLE,
SSc, polymyositis (PM)/dermatomyositis (DM) or RA defined by fulfillment of the 2012
SLICC classification criteria for SLE (13), the 2013 ACR/EULAR classification criteria for
SSc (14), Bohan and Peter criteria for PM /DM (15, 16) and 2010 ACR/EULAR
classification criteria for RA (17) were collected. Arthritis was diagnosed by joint pain and
joint swelling on examination; Arthralgia was diagnosed by joint pain without joint swelling
on examination. Interstitial lung disease was diagnosed based on the presence of abnormal
pulmonary interstitial infiltration, without any evidence of pulmonary infection. Pulmonary
hypertension was diagnosed based on the presence of mean pulmonary artery pressure of
>25 mmHg at rest by right heart catheterization or pulmonary artery systolic pressure of >
50 mmHg by transthoracic echocardiogram. Pleuritis was diagnosed based on the presence
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of pleuritic chest pain in the lateral chest wall in the absence of better alternative diagnosis;
Pericarditis was diagnosed based on the presence of at least 2 of the following: 1) Typical
pleuritic chest pain 2) Pericardial friction rub 3) Suggestive changes on the
electrocardiogram 4) New or worsening pericardial effusion. Myositis was diagnosed based
the presence of at least one of the following: 1) Muscle biopsy evidence of myositis 2)
Myositis pattern on electromyogram 3) Muscle pain or weakness in conjunction with
elevated muscle enzyme.

Statistical analysis

Descriptive statistics (means, percentages, etc.) were used to summarize the data. Age- and
sex-specific incidence rates were calculated by using the number of incident cases as the
numerator and adult population estimates based on decennial census counts as the
denominator, with linear interpolation used to estimate population size for intercensal years.
Overall incidence rates were age- and/or sex-adjusted to the 2010 white population of the
United States. The annual incidence rates were graphically illustrated using a 3-year,
centered, moving average to reduce the random fluctuations over time. In order to compute
95% confidence intervals (95% CI) for incidence rates, it was assumed that the number of
incident cases followed a Poisson distribution. Poisson regression models were used to
examine trends over time in the incidence of MCTD. Smoothing splines were used to
represent the calendar year effect to allow for the possibility of non-linear trends.

Multi-state methods were used to estimate the percentage of patients who evolved from
MCTD to SLE or SSc with adjustment for competing risk of death during follow-up. These
methods are similar to Kaplan-Meier methods, but they allow for more than one possible
outcome. Kaplan-Meier methods were also used to estimate the cumulative incidence of
each symptom including those patients who had the symptom at the time of fulfillment of
diagnostic criteria for MCTD.

Mortality rates were estimated using the Kaplan-Meier method and compared to expected
mortality for persons of the same age, sex and calendar year estimated using Minnesota
population life tables. The standardized mortality rate (SMR) was estimated as the ratio of
the observed and expected number of deaths. Ninety-five percent confidence intervals for the
SMR were calculated assuming that the expected rates are fixed and the observed rates
followed a Poisson distribution.

Results

Between January 1, 1985 and December 31, 2014, 264 Olmsted county residents had a
positive RNP test. Most of the residents with a positive test (214/264) did not have MCTD as
they had other rheumatologic disorders/connective tissue diseases such as SLE, RA, SSc and
Sjogren's syndrome or were tested for RNP without a clear rheumatologic symptom. The
details of the diagnosis of those patients are provided in Supplementary Table 1. It should be
noted that 2 out of 214 excluded cases had a clinical diagnosis of MCTD but the patients did
not fulfill the diagnostic criteria for MCTD and, thus, were not included in this cohort. 50 of
them fulfilled at least one of the diagnostic criteria sets for MCTD (72% Kasukawa, 72%
Alarcon-Segovia, 54% Kahn and 28% Sharp's criteria). 11 of them (22%) fulfilled one set of
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criteria; 23 (46%) fulfilled 2 sets of criteria; 8 (16%) fulfilled 3 sets of criteria and 8 (16%)
fulfilled 4 sets of criteria. The mean age of our cohort at fulfillment of the criteria was 48.1
years; 84% were female. The majority of the patients who fulfilled at least one of the
diagnostic criteria sets also had clinical diagnosis of MCTD (42/50) while 7 of them had
clinical diagnosis of undifferentiated connective tissue disease (UCTD). One patient had
clinical diagnosis of possible SLE but did not fulfill the SLICC classification criteria for
SLE. In contrast, the patient had Raynaud's phenomena, esophageal dysmotility and
polyarthritis fulfilling the Kasukawa criteria for MCTD. All of the patients were evaluated
by rheumatologists. Table 1 describes the demographic characteristics of the study
population.

Overall, the annual incidence of MCTD among adults aged 18 years and older in 1985-2014
was 1.9 per 100,000 population (3.1 per 100,000 population among females and 0.7 per
100,000 population among males; Table 2). The female to male ratio was 5:1. Figure 1
demonstrates the annual incidence of MCTD per calendar year. The incidence rate appeared
to be higher in year 2000 to 2002. However, there were no significant calendar year trends in
the incidence rate (p=0.20).

Raynaud's phenomenon was the most common initial symptom (50%) followed by arthralgia
(30%) and swollen hands (16%). However, at fulfillment of criteria, arthralgia was the most
prevalent manifestation (86%) followed by Raynaud's phenomenon (80%), swollen hands
(64%), leukopenia/lymphopenia (44%) and heartburn (38%). The median time from first
symptom to fulfillment of criteria was 3.6 years (interquartile range: 1-10 years).

All patients had positive ANA and RNP as a positive RNP was required for disease
identification in this cohort. A high titer for RNP was present in 121 of 264 cases (46%).
The overall proportion of patients with positive RNP who had MCTD was 50/264 (19%) and
the proportion of patients with high RNP who had MCTD was 35/121 (29%). Rheumatoid
factor was positive in 24% of tested patients. Other serologies including SSA, SSB, anti-Sm
and anti Jo-1 were positive in a small percentage of patients. Table 3 demonstrates the
serological findings at fulfillment of criteria.

The scleroderma-like symptoms became more common during follow-up. The cumulative
incidence of sclerodactyly almost doubled compared with its presence at fulfillment of
criteria (27% versus 14%). The cumulative incidence of esophageal symptoms also
increased, though to a lesser extent (48% versus 38% for heartburn and 33% versus 26% for
dysphagia). Three more cases of myositis (6%) and six more cases of serositis (12%) were
also identified during follow-up. Table 4 demonstrates the prevalence of each manifestation
at fulfillment of criteria and the cumulative incidence during follow up (including those with
the manifestation present at fulfillment of criteria).

Major internal organ involvement including interstitial lung disease (ILD), pulmonary
hypertension and pleuritis/pericarditis was relatively uncommon at fulfillment of criteria
(prevalence of 18%, 2% and 6%, respectively), but these manifestations became more
prevalent during follow-up. The most common subtype of ILD was nonspecific interstitial
pneumonia (12 cases) followed by organizing pneumonia (2 cases). No case of central
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nervous system (CNS) involvement was observed in this cohort, while two cases of
glomerulonephritis were observed during follow-up. However, those two cases evolved to
SLE before developing renal involvement.

Evolution to another connective tissue disease occurred in 5 patients (3 to SLE and 2 to
SSc), which corresponded to 10-year rate (+ standard error) of evolution of 8.5% + 4.7% and
6.3% + 4.6% for SLE and SSc, respectively. We did not conduct an evaluation of potential
predictors of evolution as the number of patients whose disease evolved into a separate CTD
was too low to analyze.

During a median length of follow of 8.3 years, 5 patients died (2 patients died of heart
failure, 1 patient died of pulmonary disease, 1 patient died of cancer and no information on
the cause of death in 1 patient). The overall mortality of patients with MCTD was not
different from the general population (standardized mortality ratio: 1.1; 95% ClI, 0.4-2.6).

Discussion

The incidence of MCTD observed in this study was higher compared with the previous
studies that reported the incidence of 0.2 to 0.8 per 100,000 person-years (3, 4) .This
difference might reflect the true difference in incidence rates between different populations
as a result of different genetic/environmental risk factors or might reflect the different
methods utilized to identify the cases. The study by Kaipiainen-Seppanen et al. (3) used an
administrative database to identify their cases which had inherent limitations of coding
inaccuracy and incompleteness, particularly the diseases that most physicians are not
familiar with like MCTD. The study by Gunnarsson et al. (4) identified their cohort from the
department of rheumatology of all public hospitals in Norway from 2005 to 2008 and
retrospectively identified the year of diagnosis. The approach utilized in this study had
several limitations as it could miss patients who were not seen by rheumatologists, and those
who died or were lost to follow-up before inclusion period or who evolved to SLE, SSc,
DM/PM or RA before inclusion period.

Patients with MCTD in this cohort were predominately female, although the female to male
ratio of 5:1 was lower than that reported in previous referral-based cohort studies which had
female-to-male ratios of approximately 10 to 1 (6, 18). It is possible that our population-
based design might capture a more complete spectrum of the disease, in contrast to referral-
based cohorts that tend to capture the more severe cases and, hence, may have a differing
female-to-male ratio.

Overall, the frequency of each MCTD manifestation was similar to previous studies (6, 18)
with the exception of sclerodactyly (observed in approximately one-third in those studies but
only 14% in our cohort) and pleuritis/pericarditis (34% in one study (6), 22% in the other
study (18) but only 6% in the current cohort). Lungs were the most common site of major
internal organ involvement in this cohort but the cumulative frequency observed in this study
was significantly lower compared with studies that specifically investigated pulmonary
involvement and performed chest imaging in every patient (19, 20). However, our
cumulative frequency was comparable with other observational cohorts (4, 6, 18). This
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might suggest that subclinical ILD is common and a more pro-active screening strategy
should be employed in clinical practice. We also confirmed the rarity of CNS and renal
involvement, similar to the original description by Sharp et al (2, 21, 22).

ANA and anti-RNP were positive in all patients as they were the diagnostic criteria
requirement used to identify the cohort. Interestingly, anti-Sm, which is generally considered
to be an SLE-specific antibody, was positive in 9 (18%) patients. While negative anti-Sm
was one of the major criteria for MCTD in Sharp's original report, the clinical presentations
of those with positive anti-Sm in this cohort were similar to those without this autoantibody
and evolution to SLE occurred in only 2 out of 9 patients. The details of clinical
characteristics of these patients are provided in Supplementary Table 2.

The existence of MCTD as a distinct clinical entity has been a subject of debate. Earlier
studies had suggested that the majority of patients with MCTD would evolve to other
connective tissue diseases, especially SLE and SSc (5, 21). However, those two studies
recruited patients based primarily on the presence of RNP in conjunction with the absence of
anti-Sm without taking clinical phenotype into consideration. Therefore, it was possible that
the two studies might misclassify patients with other connective tissue diseases as MCTD,
leading to a higher rate of evolution. In fact, more recent studies that utilized diagnostic
criteria to define their cohorts showed a different result as evolution was observed in less
than one-third of patients (13% in one study (6) and 26% in the other study (18)). Our
results were more consistent with the more recent studies as evolution to other connective
tissue diseases was observed in only 10% of our cohort (4% to SSc and 6% to SLE),
corresponding to a 10-year rate of evolution of 8.5% and 6.3% for SLE and SSc,
respectively. Thus, the findings from the current study would serve as another evidence to
support the existence of MCTD as distinct entity, not just a transitional stage to other
connective tissue diseases.

To date, four diagnostic criteria sets for MCTD have been developed (9-12). A recent study
involving 161 patients with a clinical diagnosis of MCTD demonstrated the Alarcon-Segovia
and Kasukawa criteria to be the most sensitive for MCTD diagnosis (73% and 75% of
patients classified as having MCTD, respectively), while the Sharp criteria were the least
sensitive (42%). The results of our study were line with the previous work as we found that
both Alarcon-Segovia and Kasukawa criteria were equally sensitive with the sensitivity of
72%. Sharp criteria remained the least sensitive criteria (28%). The outdated definition of
pulmonary involvement in the Sharp criteria (proliferative vascular lesion on lung biopsy or
diffuse capacity of less than 70%) was part of the reason for its lack of sensitivity as this
definition could not classify patients with early ILD observed from pulmonary imaging.

MCTD is generally considered as a milder connective tissue disease with a relatively benign
prognosis. A large prospective cohort study of 280 patients with MCTD has demonstrated
favorable survival rates as the 5, 10 and 15-year survival rates after the diagnosis were 98%,
96% and 88%, respectively. Our study is the first study to report the standardized mortality
ratio of patients with MCTD compared with general population. We found only 5 deaths
during the 440 person-years of follow-up, corresponding to a standardized mortality ratio of
1.1, not significantly different from the general population.
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The major strengths of this study are that it is a population-based study that utilized a
comprehensive record-linkage system to capture nearly all the cases of MCTD in the
community with verification of diagnosis by medical record review. This approach
minimizes the likelihood of misclassification, a common concern in coding-based studies.
As the accuracy of the incidence rate calculation relies on the comprehensiveness of
identification of incident cases, this study design provides a precise result. Referral bias, a
common concern in referral-based cohort, is also minimized by the population-based design
which provides an accurate picture of clinical manifestation and mortality of MCTD in the
general population. This study also had a long period of follow-up that allowed the
investigations of the cumulative incidence of each manifestation and evolution to other
connective tissue diseases. The major limitations are those inherent in the study design that
was retrospective in nature as the case ascertainment depends on diagnosis being made by
the health-care providers. The incidence rate may be an underestimate as cases were
identified using a positive RNP test and we may have missed cases in whom RNP testing
was not performed. Thus, the exact burden of undiagnosed disease remains unclear. Also,
the data on clinical manifestations and laboratory investigation were not systematically
collected and, therefore, all the pertinent information might not be recorded. This limitation
is of particularly importance in this study as those missing data could have a significant
impact on the performance of the diagnostic criteria. The results of this study might not be
generalizable to other populations as the population of Olmsted County is predominately of
Northern European ancestry. There are also a higher proportion of workers in healthcare
industry and correspondingly higher education level and socioeconomic status in this
population.

Conclusion

MCTD is a rare condition, incident in about 2 persons per 100,000 person-years. Raynaud
phenomena, arthralgia and swollen hands were the most common manifestations. Evolution
to other connective diseases was infrequent. Mortality of these patients was unimpaired
compared with the general population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance and innovation
- The annual incidence of MCTD was 1.9 per 100,000 population.

- Raynaud's phenomenon, arthralgia and swollen hands were the most common
initial symptoms.

- Evolution to other connective tissue diseases was infrequent.
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Figure 1.

Incidence of mixed connective tissue disease among Olmsted County, Minnesota residents
in 1985-2014 by calendar year.
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Table 1
Characteristics of Olmsted County, Minnesota residents with incident mixed connective

tissue disease in 1985-2014

Female (N=42) Male (N=8)  Total (N=50)

Age at fulfillment of criteria, years (SD) 47.9 (16.2) 49.2 (13.8) 48.1(15.7)
Race, n (%)
White 38 (90%) 6 (75%) 44 (88%)
African-American 0 (0%) 1(13%) 1(2%)
Asian 4 (10%) 0 (0%) 4 (8%)
Other 0 (0%) 1 (13%) 1(2%)
Median length of follow-up, years, median (interquartile range) 10.0 (4.9,14.3) 16(1.1,4.2) 8.3(34,14.1)
Time ;rom first symptoms to fulfillment of criteria, years, median (interquartile 3.6(1.0,10.3) 3.8(1.8,5.2) 3.6(1.0,10.0)
range

Abbreviations: SD=standard deviation
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Table 3
Frequency of serology at fulfiliment of criteria for mixed connective disease among

Olmsted County, Minnesota residents in 1985-2014

Numbers positive/numbers tested (%)

ANA

Anti-RNP

Anti SS-A

Anti SS-B

Anti Sm

Anti Scl-70
Anti-centromere
Anti-ds-DNA
Anti Jo-1

50/50 (100)
50/50 (100)
7/49 (14)
0/49 (0)
9/50 (18)
2/40 (5)
0/13 (0)
1/35 (3)
1/41 (2)

Anti RNA polymerase Il 0/2 (0)

Hypocomplementemia 1/32 (3)
Rheumatoid factor 8/34 (24)

Anti CCP

0/10 (0)

Page 15

Abbreviations: ANA indicates antinuclear antibody; RNP, ribonucleoprotein; ds-DNA, double-stranded deoxyribonucleic acid; RNA, ribonucleic
acid; CCP, cyclic citrullinated peptide
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Frequency of manifestations of mixed connective tissue disease at fulfillment of criteria

and during follow-up among Olmsted County, Minnesota residents in 1985-2014

At fulfillment of criteria (%)

Cumulative incidence at 10 years + SE (%0)

Raynaud's phenomena 40 (80)

Arthritis/arthralgia 43 (86)
Dysphagia 13 (26)
Heartburn 19 (38)

Sclerodactyly

7(14)

Interstitial lung disease 9 (18)

Pulmonary hypertension 1(2)

Pleuritis/pericarditis 3(6)
Swollen hands 32 (64)
Lymphadenopathy 2(4)
Myositis 12 (24)
Leukopenia/lymphopenia 22 (44)
Thrombocytopenia 0 (0)
Renal disease 0(0)
CNS involvement 0 (0)
PNS involvement 0 (0)
Facial erythema 2(4)

83.3+5.6
86.0+4.9
326+6.7
47.6+8.0
268+7.1
27.8+6.8
6.9+3.9
149+5.2
64.0+6.8
6.1+3.4
30.6+6.6
625+7.2
58+4.2
6.0+4.1
0
41+29
40+28
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