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ABSTRACT

Objective. Health-Related Quality of
Life (HRQoL) in adult patients with
mixed connective tissue disease (MCTD)
has not been described so far. Therefore,
we performed an explorative study to
evaluate HRQoL in MCTD patients.
Methods. MCTD patients fulfilling the
Kahn criteria and participating in the
prospective follow-up cohort for MCTD
of the Leiden University Medical Center
were included; and matched to systemic
sclerosis (SSc) patients based on age,
sex and disease duration. Data on dis-
ease characteristics and HRQoL (SF36
and EQ-5D) were collected annually.
HRQoL was compared between MCTD
and SSc patients at baseline. Factors
associated with HRQoL in MCTD were
identified using linear regression and
change in HRQoL over 3 years using
linear mixed models.

Results. Thirty-four MCTD patients
(121 visits) and 102 SSc patients (424
visits) were included. At baseline, MCTD
patients presented with interstitial lung
disease, cardiac involvement, synovitis
and myositis more frequently compared
to SSc patients, while use of immunosup-
pressive medication was less frequent.
In both groups, mean SF36 scores were
lower than in the general Dutch popu-
lation. The SF36 subscore “general
health perception” was impacted most
in both groups (MCTD: 38.5 [SD:7.0],
SSc: 39.9 [SD:8.9]). During follow-up,
SF36 scores improved in MCTD pa-
tients, while EQ5SDNL remained sta-
ble. No specific characteristics were
identified that associated with baseline
HRQoL or change in HRQol over time.

Conclusion. Like in SSc, HRQoL in
MCTD is significantly impaired, espe-
cially the general health perception of
patients. Evaluation in larger prospec-
tive cohorts is needed to identify char-
acteristics that impact HRQol most.

Introduction

Mixed connective tissue disease
(MCTD) is a systemic auto-immune
disorder, which was first described by
Sharp et al.in 1972 (1), and is probably
the least common among the connec-
tive tissue diseases (2). It is charac-
terised by anti-Ul ribonucleoprotein
antibodies. Most frequently reported
symptoms include polyarthritis, puffy
fingers, Raynaud’s phenomenon (RP),
lung involvement and oesophageal dys-
motility (3). Symptoms can be severe
and could affect health-related quality
of life (HRQoL).

HRQoL is a patient-reported outcome
related to physical, mental, emotional
and social functioning. It focuses on the
impact of health status on QoL. Patient-
reported outcomes, including HRQoL,
have emerged as important outcomes
of interest. In other rheumatic diseases,
such as systemic sclerosis (SSc) and
systemic lupus erythematosus, HRQoL
is significantly affected (4, 5). In paedi-
atric MCTD, a negative impact on men-
tal health has been described (6), but, to
the best of our knowledge, HRQoL in
adult patients with MCTD has not been
described.

Several instruments are validated to as-
sess HRQoL. The Short Form-36 (SF36)
and EuroQol-5 Dimension (EQ-5D) are
widely used in connective tissue dis-

Clinical and Experimental Rheumatology 2022



eases (7, 8). Identification of the burden
of MCTD-patients is of key importance
to provide appropriate pharmacologi-
cal and non-pharmacological care (9).
Therefore, we performed an explorative
study to evaluate HRQoL in MCTD-
patients. Values of SF36 and EQ-5D
in MCTD-patients were described and
compared to SSc-patients. Additionally,
main determinants of and changes over
time in MCTD-HRQoL were evaluated.

Material and methods

Study design and patients

For the current study, all MCTD-pa-
tients 1) participating in the ongoing,
prospective cohort study providing
multidisciplinary team care for MCTD-
patients at Leiden University Medi-
cal Center (LUMC) and 2) fulfilling
the Kahn diagnostic criteria (10) for
MCTD were included. All patients with
confirmed clinical MCTD diagnosis
receive annual follow-up. Diagnostic
evaluations, questionnaires and mul-
tidisciplinary care are comparable to
the care provided in the LUMC CCISS
(Comprehensive Care in SSc) cohort for
SSc (11). The included MCTD-patients
were matched to SSc-patients (clinical
SSc diagnosis and fulfilling ACR/EU-
LAR 2013 criteria (12)) based on age,
sex and disease duration (time since
non-Raynaud’s phenomenon [RP]).
The prospective cohort study is de-
signed in accordance with the Declara-
tion of Helsinki; and was approved by
the Local Ethics Committee (REU 043/
SH/sh). All patients gave written in-
formed consent.

Assessments: disease characteristics
and health-related quality of life

The following variables were collected
prospectively: age, sex, comorbidi-
ties (depression requiring medication,
thyroid diseases, fibromyalgia, malig-
nancy, COPD, and heart comorbid-
ity), educational level, disease duration
since RP and non-RP, presence of organ
involvement (including skin involve-
ment, interstitial lung disease (ILD),
pulmonary arterial hypertension (PAH),
cardiac involvement, gastro-intestinal
involvement, synovitis and myositis),
the use of immunosuppressive treat-
ments and the Scleroderma-Health As-
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sessment Questionnaire (HAQ). Func-
tional assessments included NYHA
classification, six-minute walking dis-
tance, oral aperture, handgrip strength,
and finger-to-palm distance. SF36 and
EQ-5D were used to assess HRQoL (all
definitions in Supplementary file S1).

Statistical analysis

Baseline characteristics were com-
pared between SSc and MCTD-pa-
tients using chi-square, independent t-
tests and Mann-Whitney-U tests where
appropriate.

In MCTD-patients, we performed ex-
plorative analyses using univariable
linear regression to determine impact of
clinical characteristics and functional
status on HRQoL at baseline, evaluat-
ing: age (<45 or >45 years), sex, co-
morbidities (yes/no), educational level,
disease duration (duration since non-RP
<24 or >24 months), synovitis, gastro-
intestinal symptoms, NYHA class (with
1 as reference), ILD, cardiac involve-
ment, sclerodactyly, six-minute walk-
ing distance, handgrip strength, finger-
to-palm distance and oral aperture.

We explored HRQoL over time to assess
whether changes in the HRQoL differed
between MTCD and SSc-patients over
three years; a linear mixed-effects model
was used with the HRQoL measure-
ments as dependent and time and group
as independent variables. We added an
interaction term between time and group
to assess whether the change in HRQoL
over time differed between both groups.
In MCTD, linear mixed-effect models
were used to identify characteristics as-
sociating with change in HRQoL over
time, in which HRQoL was included as
dependent, and clinical characteristics
and time as independent variables, with
an interaction term for each characteris-
tic and time.

Statistical analyses were performed with
SPSS version 26 and STATA version 16.

Results

Patient characteristics

Thirty-four MCTD and 102 SSc-
patients were included. Compared to
SSc, MCTD-patients more often had
ILD (47% vs. 34%, p=0.027), cardiac
involvement (30% vs. 2%, p<0.001),
synovitis (29% vs. 11%, p=0.004) and

myositis (15% vs. 1%, p=0.001). SSc-
patients more often used immunosup-
pressive treatments except for hydroxy-
chloroquine (MCTD:18% vs. SSc:7%,
p=0.007, Table I).

Health related quality of life

at baseline

Baseline HRQoL in MCTD was com-
parable to HRQoL in SSc, with a mean
SF36-PCS of 39.9 (SD:9.1) and mean
SF36-MCS of 45.1 (SD:9.8), which is
(nearly) one standard deviation lower
than the general Dutch population.
The median EQSDNL was 0.36 (IQR:
0.14-0.61).

The HAQ-DI score was similar between
the MCTD and SSc (Table I). MCTD-
patients showed a higher score for RP
burden compared to SSc-patients (63
[41-75] vs. 49 [22-75]; p=0.258).

The mean SF36 subscores are shown in
Figure 1. Lowest mean subscores were
observed on the general health domain.

Baseline associations with health-
related quality of life in MCTD

At baseline, ILD was significantly as-
sociated with EQSDNL (3:0.10; 95%
CI: 0016 to 0.19) and SF36-PCS
(B:2.35, 95% CI: 0.40 to 4.30). Scle-
rodactyly was significantly associated
with EQ5DNL (p3:0.006; 95% CI:0.002
to 0.010) and SF36-PCS ($:0.12, 95%
CI.0.03 to 0.21; Table II). A clear de-
crease of SF36-PCS and MCS in
MCTD-patients with cardiac involve-
ment was observed (PCS:[3:-6.28,95%
CIL:-13.63 to 1.06; MCS: p:-2.31, 95%
CI:-10.66 to 6.04).

HRQoL changes over time

There were no significant differences
in HRQoL measurements between the
MCTD and SSc-patients over time (Fig.
2). Over time, in MCTD, the SF36-MCS
improved significantly (MCS: {:2.35/
year [95% CI.0.58 to 4.13]), whereas
the SF36-PCS and EQ5DNL were sta-
ble. Explorative analyses did not reveal
a specific clinical characteristic with
significant impact on change in HRQoL
over time in MCTD patients.

With a MCID of 3 points on the MCS
and PCS (13), 7 MCTD-patients wors-
ened on the MCS and 3 on the PCS. Pa-
tients who showed worsening of MCS
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Table I. Baseline characteristics of included patients.

MCTD patients SSc patients p-value
(n=34) (n=102)

Female, n (%) 28 (82) 84 (82) 1.000
Age, mean (SD) 42 (18) 45 (13) 0.171
Comorbidity, n (%) 7 (21) 19 (19) 0.801
Low education, n (%) 20 (63) 75 (76) 0.144
Disease duration since non-RP, months, median (IQR) 45 (14 — 105) 49 (15-114) 0.978
Disease duration since RP, month, median (IQR) 91 (35-179) 68 (29 - 164) 0.374
Autoantibody status
Antinuclear antibodies, n (%) 34 (100) 96 (94) 0.501
Anti-U1RNP antibodies, n (%) 34 (100) 303 <0.001
Anti-topoisomerase antibodies, n (%) 13) 23 (23) 0.011
Anti-centromere antibodies, n (%) 13) 40 (39) <0.001
Disease characteristics
Limited cutaneous SSc, n (%) NA 59 (58)
Raynaud’s phenomenon, n (%) 99 (97) 33 (97) 0.590
ILD, n (%) 16 (47) 35 (34) 0.027
ILD and FVC<70% of predicted, n (%)* 2 (6) 8 (8) 0.704
Cardiac involvement, n (%) 10 (30) 2 (2) <0.001
Pulmonary arterial hypertension, n (%) 1(3) 2 (2) 0.657
Gastrointestinal symptoms, n (%) 20 (59) 55 (54) 0.619
Synovitis, n (%) 10 (29) 11 (11) 0.004
Myositis, n (%) 5 (15) 1(D) 0.001
Functional impairment
Six-minute walk test (m), mean (SD) 553 (84) 542 (113) 0.604
Mouth opening (mm), mean (SD) 42 (7) 42 (10) 0.982
Handgrip strength (kg), mean (SD) 22 (12) 23 (10) 0.600
Finger-to-palm (mm), median (IQR) 0(0-21) 0 (0-26) 0.114
Medication use
Glucocorticoids, n (%) 7 (21) 15 (15) 0.420
Mycophenolate mofetil, n (%) 0 (0) 7 (7) 0.015
Methotrexate, n (%) 2 (6) 17 (17) 0.017
Cyclophosphamide, n (%) 0 (0) 2 (2) 0.035
Azathioprine, n (%) 1(3) 2 (2) 0.044
Hydroxychloroquine, n (%) 6 (18) 7 (7) 0.007
Calcium antagonists, n (%) 6 (18) 42 (41) 0.001
Quality of life
MCS, mean (SD) 45.1 (9.8) 43.7 (10.9) 0.574
PCS, mean (SD) 39.9 (9.1) 40.5 (11.0) 0.902
EQ5DNL, median (IQR) 0.36 (0.14-0.61) 041 (0.14-0.62) 0.520
HAQ-Di, median (IQR) 0.81 (0.50-1.44) 0.75 (025-1.38) 0.432

MCTD: mixed connective tissue disease; SSc: systemic sclerosis; RP: Raynaud’s phenomenon; SD:
standard deviation, IQR: interquartile range; NA: not applicable; ILD: interstitial lung disease; FVC:
forced vital capacity; MCS: mental component score; PCS: physical component score; HAQ: Health

Assessment Questionnaire.

For the MCS and PCS: higher scores indicate better health (scale 0 to 100).

For the EQSDNL: higher score indicates better health (scale -0.59 to 1).

For the HAQ: higher score means more functional disability (scale 0 — 3).

A Clinically meaningful ILD: any interstitial lung abnormality on HRCT + FVC < 70%.

over time tended to be older, more often
had ILD, sclerodactyly and GI com-
plaints, and they performed worse on
the 6MWT at baseline. All these dif-
ferences did not reach statistical sig-
nificance. The patients who decreased
on the PCS more often had ILD (100%
vs. 41%, p=0.015), were slightly older
and had a worse 6MWT as compared to
those who showed a stable/improving
PCS over time.
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Discussion

This study is a first explorative study to
evaluate HRQoL and its main determi-
nants among adult MCTD-patients. We
show that, like in SSc, HRQoL in MCTD
is significantly decreased, already at first
visit in a dedicated clinic.

We observed several characteristics that
might impact HRQoL in MCTD. Al-
though not statistically significant, pres-
ence of myocardial involvement clearly

impacted SF36-PCS scores at baseline.
The large confidence interval indicates
that the lack of significance might be
related to a power problem. Strikingly,
over time, at group level we observed
improvement in SF36-MCS scores,
which might indicate that patients learn
to cope with their disease. When focus-
ing on the patients that show worsen-
ing of SF36 over time, age, presence of
ILD and worse performance were iden-
tified as possible indicators of worsen-
ing HRQoL; again, not all associations
reached statistical significance, prob-
ably due to the small sample size.

Part of the sample size limitation is ex-
plained by the fact that we only includ-
ed patients fulfilling the Kahn criteria,
which have been shown to be highly
specific for MCTD (6). Being less spe-
cific would have resulted in a larger
sample size but potentially also lead to
inclusion of patients with overlap syn-
dromes/undifferentiated connective tis-
sue diseases.

No previous studies reported on HRQoL
in adult MCTD (3). As compared to
SSc-patients, MCTD-patients expe-
rienced higher burden related to RP.
Partially, this might be explained by the
fact that calcium channel blockers were
less frequently used in MCTD as com-
pared to SSc-patients. Strikingly, we
observed overall higher percentages of
organ involvement in MCTD-patients
at baseline as compared to SSc-patients
while use of immunosuppressive medi-
cation was less frequent. Partially, this
might be explained by the fact that SSc-
patients were matched for age. Indeed,
matched younger SSc-patients showed
less frequent cardiac involvement as
compared to the total CCISS cohort
(4). The current observation of a high
percentage of organ involvement and
the relatively low frequency of treat-
ment with immunosuppressives among
the MCTD group is highly relevant and
should urge clinicians argues to per-
form complete organ evaluation at time
of a new MCTD diagnosis and also
carefully consider therapeutic options.
A major limitation of our study is the
small sample size of the MCTD co-
hort which restricted in-depth analy-
ses of the effect of therapeutic strate-
gies. However, this is a main challenge

Clinical and Experimental Rheumatology 2022
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Fig. 1. Radar chart of mean values of SF-36 subscores in MCTD and SSc patients.

Table II. Associations at baseline between clinical and functional assessments and HRQoL in MCTD patients (n=34).

EQS5DNL: 3 (95% CI) PCS: B (95% CI) MCS: 8 (95% CI)

Incident case®
Age categorical®

2011 (-0.41;0.18)
20059 (-0.36;0.24)

0.16 (-6.69;7.01)
4.34 (-2.40; 11.08)

-0.80 (-8.24; 6.65)
-3.08 (-10.53;4.37)

Female 20.12 (-0.52;0.28) 725 (-151; 16.02) 2670 (-16.62; 2.64)
Comorbiditiest 2008 (-0.51;0.34) 286 (-11.99; 6.26) 1.54 (-9.32; 12.40)
Low educational level 0.055 (-0.29; 0.40) 041 (-7.83;7.02) 245 (-10.73; 5.83)
ILD on HRCT 0.10 (0.016; 0.19) 2.35 (0.40; 4.30) 0.002 (-2.33;2.34)

ILD on HRCT and FVC<70¢ 2015 (-0.75; 0.44) 3.04 (-16.75; 10.67) 2.95 (-11.97; 17.87)
GI symptoms 20018 (-031;0.28) 0.18 (-6.61;6.97) 0.88 (-6.50; 8.25)

Synovitis 20,004 (-0.009; 0.001) 20011 (-0.13;0.10) 20.074 (-0.20; 0.05)

Sclerodactyly 0.006 (0.002; 0.010) 0.12 (0.03; 0.21) 0.045 (-0.064;0.15)
NYHA class® 20.18 (-0.49;0.12) 365 (-10.74; 3.44) 307 (-10.84; 4.71)
Cardiac involvement 0.007 (-0.34;0.33) 4628 (-13.63; 1.06) 231 (-10.66; 6.04)
Myositis 0091 (-0.31;0.49) 0.74 (-8.44;9.93) 467 (-1450;5.17)

0.031 (-0.006; 0.068)
0.24 (-0.026; 0.50)

20015 (-0.24;0.21)
0.031 (-0.63;0.69)

0.023 (-0.023;0.069)
0.066 (-0.24;0.37)
-0.095 (-0.34;0.15)
-0.063 (-0.69; 0.56)

Six-minute walk test (meters)
Handgrip strength (kilograms)
Finger-to-palm distance, categorised"
Oral aperture (millimeters)

0.002 (0.00; 0.003)
0.007 (-0.004;0.019)
10.002 (-0.012; 0.008)
0.00 (-0.032;0.032)

CI: confidence interval; PCS: physical component score; MCS: mental component score; ILD: interstitial lung disease.
a: Incident case was yes if duration since non-Raynaud’s phenomenon was <24 months.

b: Age was categorised into <45 and >45 years.

c: Comorbidities included depression that required medication, thyroid diseases, fibromyalgia, malignancy, COPD, and heart comorbidity.
d: Clinically relevant ILD: any interstitial lung abnormality + FVC < 70%

e: For the NYHA class, class 1 is the reference category. Patients only had NYHA class 1 or 2.
f: FTP was categorised into full fist closure (FTP:0 mm) and >0.

Linear regressions were performed with quality of life measurements as dependent variables and disease characteristics as independent variables. Bold is

statistically significant.

For every characteristic, the 3 and 95% confidence interval are shown, indicating, for instance, that female sex increases the PCS with 7.05.

in rare diseases like MCTD (2). Our
study is the first to report on prospec-
tively collected data on HRQoL in
adult MCTD and to evaluate associa-
tions with clinical characteristics. This
study can be the starting initiative for
international collaborative studies in
MCTD through the ERN network.
Strengths in the study include the pro-
spective nature, the inclusion of both
disease characteristics and functional
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assessments of MCTD-patients, and
the robust statistical analyses.

In conclusion, as expected HRQoL is
significantly impacted in MCTD-pa-
tients already at first presentation in a
dedicated clinic. Cardiac involvement,
ILD, age and worse functional disabil-
ity might specifically impact HRQoL
in MCTD. However, these associa-
tions need further evaluations in larger
cohorts.
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