oNOYTULT D WN =

Rheumatology

Body composition in longstanding juvenile dermatomyositis; Associations

with disease activity, muscle strength and cardiometabolic measures

Birgit Nomeland Witczak!, Jens Bollerslev?3, Kristin Godang?, Thomas Schwartz'*, Berit

Flate®?, @yvind Molberg??, Ivar Sjaastad!-, Helga Sanner*>

nstitute for Experimental Medical Research and KG Jebsen center for cardiac research, Oslo
University Hospital-Ulleval, and University of Oslo, Oslo, Norway

2Institute for Clinical Medicine, Medical Faculty, University of Oslo, Oslo, Norway

3Section of Specialized Endocrinology, Department of Endocrinology, Preventive Medicine
and Morbid Obesity, Oslo University Hospital Rikshospitalet, Oslo, Norway

“Bjerknes University College, Oslo, Norway

SDepartment of Rheumatology, Oslo University Hospital-Rikshospitalet, Oslo, Norway

%Department of Cardiology, Oslo University Hospital-Ullevél, Oslo, Norway

Correspondence to: Birgit Nomeland Witczak, Oslo University Hospital, Institute for
Experimental Medical Research, Ulleval PB 4956 Nydalen. NO-0424 Oslo, Norway.
E-mail: b.n.witczak@medisin.uio.no

ORCIiD ID: https://orcid.org/0000-0002-3136-4283

© The Author(s) 2021. Published by Oxford University Press on behalf of the British Society for Rheumatology. All rights
reserved. For permissions, please email: journals.permissions@oup.com

Page 2 of 23

Z20z Aienuep pz uo Jesn Aieiqi ojsQ Jo Ausieniun Aq gLzv L y9/S08qee/ABojolewnayl/ea01 "0 L /1op/aolle-aoueApe/ABojojewnay/woo dno oliwapeoe//:sdiy Woll papeojumoc]


https://orcid.org/0000-0002-3136-4283

Page 3 of 23

oNOYTULT D WN =

Rheumatology

ABSTRACT

Objective: To (i) compare body composition parameters in patients with longstanding
juvenile dermatomyositis (JDM) and controls and (ii) explore associations between body
composition and disease activity/inflammation, muscle strength, health-related quality of life
(HRQL) and cardiometabolic measures.

Methods: In a cross-sectional study, we included 59 patients (median disease duration 16.7y;
median age 21.5y) and 59 age- and sex-matched controls. Active/inactive disease were
defined by the PRINTO criteria. Body composition was assessed by total body dual-energy
absorptiometry (DXA), inflammation by hs-CRP and cytokines, muscle strength by manual
muscle test (MMT-8), HRQL by 36-item short form survey physical component score (SF-36
PCS) and cardiometabolic function by echocardiography (systolic and diastolic function) and
serum-lipids.

Results: DXA analyses revealed lower appendicular lean mass index (ALMI) (reflecting limb
skeletal muscle mass), higher body fat percentage (BF%) and higher android:gynoid fat ratio
(A:G ratio) (reflecting central fat distribution) in patients than controls, despite similar BMI.
Patients with active disease had lower ALMI and higher BF% than those with inactive
disease; lower ALMI and higher BF% were associated with inflammation (elevated monocyte
attractant protein-1 (MCP-1) and hs-CRP). Lower ALMI was associated with reduced muscle
strength; higher BF% was associated with impaired HRQL. Central fat distribution (higher
A:G ratio) was associated with impaired cardiac function and unfavorable serum-lipids.
Conclusion: Despite normal BMI, patients with JDM, especially those with active disease,
had unfavorable body composition, which was associated with impaired HRQL/muscle
strength and cardiometabolic function. The association between central fat distribution and

cardiometabolic alterations is a novel finding in JDM.
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Rheumatology key messages:

e Unfavourable body composition in longstanding JDM includes lower muscle mass,

higher bodyfat% and central adiposity

e Lower muscle mass and higher body fat % is associated with active disease,
inflammation and muscle weakness

e Central body fat distribution was associated with cardiometabolic alterations including
dyslipidaemia and impaired cardiac function

Introduction

Juvenile dermatomyositis (JDM) is the most common juvenile onset idiopathic inflammatory
myopathy (IIM), and typically presents with skin rash, proximal (and sometimes distal)
muscle weakness and impaired physical function (1). While underlying pathophysiological
mechanisms of JDM are still not clear (2), it is apparent that involvement of skeletal muscles
often causes damage, evident as atrophy, fibrosis and fat infiltration by imaging (3, 4).
Although the long-term functional outcome of JDM has improved, a high proportion of
patients still develop cardiometabolic dysfunction (hypertension, dyslipidemia, insulin
resistance (IR) and mostly subclinical cardiac dysfunction), even at young age and with
normal Body Mass Index (BMI) (4-9).

Total body dual-energy x-ray absorptiometry (DXA) is a validated technique to
measure body composition and bone mineral content (BMC) as well as soft tissue mass: fat
mass (FM) and lean mass (LM). In the general population, unfavorable DXA assessed body
composition (low skeletal muscle mass accompanied by higher body fat percentage (BF%)
and central fat distribution), is a strong risk factor for a variety of adverse clinical outcomes.

These outcomes include impaired physical function, insulin resistance, cardiovascular events
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and all-cause mortality (10-13). Only two previous studies in JDM have assessed body
composition using DXA. These studies provided somewhat conflicting results, possibly due
to limited sample sizes and relatively short disease duration (5, 14).

Unfavorable body composition, comprising DXA-derived low muscle mass with or
without fat accumulation, is commonly reported in other juvenile and adult rheumatic
diseases, both in early and late disease stage (15-18). Central fat distribution often occurs
concurrently (15, 19). These adverse changes are associated with impaired physical function
(18) and increased cardiometabolic risk (15, 16).

Recent studies in the general population, stress that skeletal muscle and adipose tissue
are major metabolic and endocrine organs secreting cytokines and chemokines involved in
crosstalk with other organs (20). Hence, it appears that skeletal muscle inflammation, a
hallmark of JDM, may influence body composition and metabolic functions through increased
secretion of pro-inflammatory cytokines. We and others have reported that patients with JDM
have higher circulating pro-inflammatory cytokine levels than controls (21, 22), but no
previous JDM studies investigated the potential association between cytokines and body
composition.

Aiming for increased understanding of body composition in patients with JDM, we
investigated DXA assessed muscle and fat mass distribution in patients with longstanding
JDM compared with age- and sex-matched controls. Further, we performed explorative
analyses of associations between body composition, disease activity/inflammation, muscle

strength, health-related quality of life (HRQL) and cardiometabolic measures.

Methods

Study population and study design
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The present study is part of a larger cross-sectional study conducted at Oslo University
Hospital (OUS) between September 2005 and May 2009, where details on the design of the
Norwegian JDM study have been described previously (3). The inclusion criteria were disease
onset before 18 years, minimum disease duration 24 months from disease onset to follow-up
visit and probable or definite diagnosis of dermatomyositis according to the Bohan and Peter
criteria (23). The study population included 59 patients diagnosed with JDM and 59 sex- and
age matched controls; all participants were >6 years at time of study entry.

The study was approved by the Norwegian South East Regional Committee for
Medical and Health Research Ethics (S-05144). All participants >16 years, or guardians of
participants <16 years, provided written informed consent according to the Declaration of

Helsinki.

Demographics, clinical data, muscle strength and HRQL

Data on demographics and clinical parameters were obtained directly from study participants
at the follow-up visit by a single study physician (HS) as previously described (3). Disease
activity was measured by the Disease Activity Score (DAS) (0-20) (24). The PRINTO criteria
for clinically inactive disease were applied to identify patients with active and inactive disease
(25). Information on current and cumulative prednisolone use was extracted from medical
records. In all study participants, self-reported physical activity inducing sweating or
breathlessness (hours/week) was assessed; subjectively assessed muscle strength was
measured by the unilateral manual muscle test (MMT-8) (0-80) and HRQL was assessed in
patients >13 years by the 36-Item Short Form Survey (SF-36) physical component score

(PCS) (0-100) (24).

Body composition
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Total and regional body composition measurements were obtained by a narrow fanbeam
densitometer scan DXA-Lunar Prodigy with software version 16 (GE Healthcare, Madison,
WI, USA), operated by a certified densitometry technologist (KG). Standard imaging and
positioning protocols were used to measure and estimate BMC, LM (kg) and FM (kg) for total
body and regional sites (trunk, arms and legs). The total body LM includes skeletal muscle
mass and the mass of all other organs. We also estimated FM in android and gynoid regions
of interest (ROI) and calculated the ratio between them: A:G ratio. ROI of android was
defined as the region from pelvis cut (lower boundary) to above the pelvis cut by 20 % of the
distance from pelvis cut line to neck cut line (upper boundary). ROI of gynoid was defined as
the region among the 2x Android height, beginning at a distance of 1.5x Android height
below pelvis cut (26). Appendicular LM (ALM) was the sum of LM in arms and legs; ALM is
an estimate of appendicular skeletal muscle mass, as the LM in the extremities consists
mainly of muscle tissue (27). LM indexed by height? (LMI), and especially appendicular LM
index (ALMI) has been used as a surrogate marker of skeletal muscle mass. FM was indexed
by height? (FMI). Total body fat percentage (BF%) was defined as the ratio between total FM
and total body mass (sum of BMC, LM and FM) multiplied by 100.

We used data sets from the age- and sex-matched control group to define cut-offs for
high and low values of the selected body composition measures. Low ALMI was defined as
<mean ALMI value in controls -2 SD, high BF% as >mean BF% in controls +2 SD and high

A:G ratio >95™ percentile of control group values.

Laboratory analyses
Serum samples were collected from the participants at follow-up and stored at -80°C until
analysis. A total of 26 cytokines were previously analyzed by Luminex (21). For the current

study, we included three cytokines whose levels were significantly elevated compared with
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controls: monocyte chemoattractant protein (MCP-1; CCL2), interferon gamma-induced
protein-10 (IP-10; CXCL10) and interleukin-6 (IL-6). Tumor necrosis factor-o. (TNF-o) was
also included due to the general clinical relevance in muscle biology (28). High sensitivity C-
reactive protein (hs-CRP) and lipids (high density lipoprotein (HDL) and triglycerides (TG))
were all analyzed consecutively at accredited medical biochemistry laboratory OUS

Rikshospitalet according to standard protocols. All samples were non-fasting.

Cardiovascular measures
Left ventricular (LV) cardiac function was evaluated with echocardiography. Early tissue
doppler velocity (e’) was used as a measure of diastolic function, and long axis strain (LAS)

as a measure of systolic function, as previously described in detail (7, 8).

Statistical analyses

All statistical analyses were performed using IBM SPSS Statistics for Windows, Version 27.0
(Armonk, NY: IBM Corp.). Mean and SD were used to describe continuous parametric data;
median and IQRs were used to describe continuous non-parametric data. Comparisons
between patients and matched controls were tested by the two-tailed paired sample t-test or
Wilcoxon’s rank sum test for continuous variables, as appropriate, and McNemar’s test for
dichotomous variables. For comparison of patients with active and inactive disease, the
independent sample Student t-test or the Mann-Whitney U-test were used, as appropriate.

In patients, univariable linear regression analyses were used to investigate the
associations between the following body composition variables: ALMI, BF% and A:G ratio
(dependent variables) and measures of JDM disease activity and inflammation (independent
variables). Subsequent multivariable linear regression analyses were performed, highly

intercorrelated independent variables were avoided (r >0.7); thus, disease duration was not
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included due to the strong correlation with age (r >0.9). All multivariable regression analysis
were adjusted for age and sex using blockwise entry. Then four explanatory variables (listed
in Table 1) considered clinically relevant correlates for ALMI, BF% and A:G ratio were
entered in a forward stepwise manner. Data on the strength of the associations were given as
unstandardized beta () with 95% confidence intervals. No collinearity existed in the
multivariable models.

Additionally, multivariable linear regression models were used to explore the age and
sex adjusted associations between ALMI, BF% and A:G ratio (independent variables) and
cardiometabolic measures, muscle strength and HRQL (dependent variables), using the entry
method. In these models, strength of the associations was given as standardized beta (j3).

All tests were two sided, and p<0.05 was considered statistically significant. Due to

the hypothesis-generating nature of our study, we did not correct for multiple comparisons.

Results

General and clinical characteristics of study participants

Table 2 shows characteristics of all participants. The 59 patients with JDM had median 16.8
years disease duration at time of follow-up; 36 (61.0%) were female, and 20 (33.9%) of these
were females >18 years. At follow-up, 29 (49.2%) patients had inactive disease (Table 2). We
found no significant differences in body weight and BMI, neither between patients and
matched controls, nor between patients with active and inactive disease (Table 2). As
expected, more patients with active disease used prednisolone and/or DMARDs compared to
those with inactive disease (Table 2). Markers of cardiometabolic function differed between
patients and controls, as previously shown in the same cohort (6-8), but we found no

significant difference between patients with active or inactive disease. While patients had
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higher circulating levels of pro-inflammatory cytokines than controls, the levels were not

significantly different in patients with active and inactive disease (Table 2).

DXA-derived body composition parameters in patients and controls

DXA-derived body-composition measures are summarized in Table 3. All LM parameters,
including ALM, were lower in the patients than in the controls (Table 3). The patients had
10.4% lower ALM and 8.6% lower ALMI compared with controls (p<0.01 for both
parameters) (Table 3). Correspondingly, low ALMI (<4.0 kg/m?) was present in 1 patient
(1.7%) and in 1 control (1.7%). Total and regional FM did not differ between patients and
controls, but BF% was 11.1% higher in patients compared with_controls (p=0.018) (Table 3).
High BF% (>41.7%) was present in 6 patients (10.2%) and in 1 control (3.4%) (p=0.29).
Additionally, the patients had 18.8% higher A:G ratio than the controls (p=0.005) (Table 3).

High A:G ratio (>0.74) was present in 8 patients (13.6%) and 2 controls (3.4%) (p=0.070).

DXA-derived body composition parameters stratified according to disease activity, sex
and age
We found that the patients with active disease had 13.2% lower ALMI than patients with
inactive disease (p=0.013) (Table 3). Total LM and regional LM in arms and legs and LMI
were 15.4%, 24.5%, 17.6% and 9.1% lower (all p-values<0.05) while regional BF% in arms
and legs were 28.6% and 18.0% higher (both p-values<0.05) in patients with active than
inactive disease (Table 3).

In all study participants, ALMI was higher in males vs. females (Figure 1A) and in
those >18 vs. <18 years of age (Figure 1B) (both p-values<0.001). In both males and in those
>18 years of age, ALMI was lower in patients vs. their respective controls (p=0.008 and

p=0.024, respectively) (Figure 1A and 1B). In all study participants, BF% was higher in
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females vs. males (both p-values <0.001) (Figure 1A). In both females and in those >18 years
of age, BF% was higher in patients vs. their respective controls (both p-values<0.05) (Figure
1A and 1B). Also, in all study participants, A:G ratio was higher in males than females
(Figure 1A), and in those >18 vs. those <18 years of age (Figure 1B) (all p-values <0.004). In
both sexes as well as in those >18 years of age, A:G ratio was higher in patients vs. their
respective controls (in male p=0.044, female p=0.033 and age>18 p=0.004) (Figure 1A and

1B).

Body composition and associations with disease characteristics in patients

Table 4 presents age and sex adjusted correlates of body composition and measures of disease
activity/inflammation. ALMI was negatively associated with MCP-1 (unstandardized 83 -
0.019, 95% CI (-0.035, -0.002), p=0.029); both age and male sex were positively and
independently associated with the outcome. BF% was independently associated with hs-CRP
(unstandardized B 0.360, 95% CI (0.29, 1.36), p=0.003); male sex was negatively associated
(Table 4). For A:G ratio as an outcome, only age and no disease activity/inflammation
parameters were associated. None of the body composition measures were independently

associated with cumulative prednisolone dose (Table 4).

Associations between body composition and cardiometabolic measures, muscle strength
and HRQL in patients

Table 4 shows age and sex adjusted correlates of body composition with cardiometabolic
parameters, muscle strength and HRQL. Lower ALMI was associated with higher LV systolic
function and lower MMT-8. Higher BF% was associated with lower SF-36 PCS (Table 1). A
higher A:G ratio was associated with both lower LV diastolic and systolic cardiac function

and also with lower HDL and higher TG levels (Table 1).
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Discussion

Aiming to map and understand body composition in JDM, we performed DXA analyses of
patients with JDM at median 16.7 years disease duration. Main findings were that patients,
compared to matched controls, had lower lean mass, higher BF% and more central fat
distribution (A:G ratio) despite similar BMI. Additionally, the results indicated associations
between the patients’ unfavorable body composition and a number of disease-relevant
parameters, such as active disease, inflammation markers, impaired muscle strength and
HRQL as well as cardiometabolic measures.

To our knowledge, there are only two previous studies on DXA assessed body
composition in JDM. These controlled studies included 20 (only females) and 25 patients,
respectively, with median disease duration of 3.2 and 5.5 years (5, 14). While one of the
studies showed lower skeletal muscle mass in (female) patients than in controls (14), no
differences in body fat between patients and controls were found (5, 14). For comparison,
studies in juvenile onset SLE and JIA have demonstrated lower muscle mass and higher BF%
in patients with both early (17, 29) and longstanding disease (16, 30).

The finding of lower ALMI in our JDM cohort, is in line with our previous studies
showing MRI assessed muscle damage of thigh muscles (atrophy, fatty-infiltration and/or
calcinosis) in the same cohort (3) as well as reduced cross-sectional area of thigh muscles in
patients with JDM assessed after mean 21.8 years disease duration (31). Accordingly, in the
present study we found that lower ALMI was associated with impaired muscle strength
assessed by MMT-8. Moreover, we observed associations between inflammatory chemokine
MCP-1 and lower ALMI. This finding is in line with the notion that systemically elevated
pro-inflammatory cytokines may contribute to skeletal muscle damage in JDM (31, 32).

However, it is not possible to conclude on causal relationships in a cross-sectional design.

11
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Our patients with active disease had lower ALMI compared with those with inactive
disease. In contrast to studies in other rheumatic diseases (14, 15, 17, 29, 33), we found most
pronounced ALMI reduction in male patients. This sex specific impact on ALMI (that reflects
skeletal muscle mass) may reflect a more severe disease course among male patients with
JDM. Further studies are needed to elaborate this finding.

We found higher BF% in female vs. male patients and in patients > vs < 18years.
These results differ from controlled studies in other rheumatic diseases which have reported
increased BF%, in both sexes compared with controls (33), and also among young patients
with JIA and SLE (16, 17, 29). The age and sex differences in BF% may be JDM specific or
related to study sample size.

Also, higher BF% was associated with hs-CRP in the current study, in line with results
from studies on adult-onset rheumatic diseases (34, 35). Hs-CRP is an established biomarker
and predictor of cardiovascular disease (36) associated with metabolic abnormalities
including adiposity, hyperinsulinemia, IR, elevated TG, low HDL. This is of importance for
patients with JDM, possibly linking increased BF% and inflammation.

To our knowledge, associations between DXA-derived measures of body fat and
physical function have never previously been examined in JDM, but one adult [IM study (37)
reported that high BF%, total FM and FMI were associated with impaired physical function
(muscle fatigability). The association between higher BF% and impaired HRQL demonstrated
in our JDM cohort has previously been shown in children with obesity from the general
population (38). Increased adiposity creates low-grade inflammation, with elevated
proinflammatory cytokines including TNF-a and IL-6 (39) that may contribute to impaired
HRQL

This study is the first to assess A:G ratio as a measure of central fat distribution in

patients with JDM. Fat distribution is of importance to assess risk of cardiovascular disease.
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Accumulation of fat in the abdominal region is associated with an increased risk of type 2
diabetes and cardiovascular disease (40). Our finding of increased A:G ratio in patients vs.
controls is in line with studies in adult-onset IIM (37) and with the central fat distribution
reported in other theumatic inflammatory disorders (19, 41). However, even though patients
with longstanding JDM show alterations in body composition similar to adult-onset rheumatic
disease populations, the findings are present at a significantly younger age. Further studies are
needed to see if this eventually leads to cardiovascular disease.

A novel finding of our study was the association of central fat distribution and
impaired LV cardiac function (systolic and diastolic) in patients with JDM. This is supported
by studies in the general population (42, 43), but has neither been investigated in JDM, nor in
any other connective tissue diseases. Our finding is interesting because subclinical LV cardiac
dysfunction is associated with cardiovascular morbidity and mortality (44-46). Also, central
fat distribution was associated with increased cardiometabolic risk (dyslipidemia), in
accordance with findings in studies in both juvenile- and adult-onset SLE and RA (15, 16, 19,
41), and in children and adolescents in the general population (47). Although patients with
JDM have higher risk of cardiovascular- and cerebrovascular disease and metabolic
abnormalities (high TG, low LDL, IR) (4-9), further studies are required to confirm a link
between subclinical LV cardiac dysfunction and adverse clinical outcomes in JDM.

Our patients with active disease had more unfavourable body composition than those
with inactive disease. Studying patients after long-term follow-up, many were diagnosed in a
period where treatment regimens (included use of biologics) where less aggressive than
current practice (48). Also, our patients reported to be less physically active compared to
controls. It is known that physical activity can improve body composition in the general
population (49). However, no body composition changes were found after a 12-week aerobic

exercise program in a small (n=8) Danish JDM study with patients who had recovered from

13
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JDM (50). Hopefully, body composition in patients with JDM can improve with personalized
multidisciplinary disease management, including optimized exercise and medical treatment.
The shown association between impaired body composition and both muscle weakness and
lower HRQL support a clinical relevance of our findings. However, due to the cross-sectional
study design, we cannot ascertain any causal relationships.

Strengths of our study include that our patient cohort includes 95% of all trackable
patients with JDM in Norway diagnosed in the given time period. The inclusion of age-and
sex matched controls from the National Registry also represents a strength. Limitations
include the cross-sectional design (which makes causal relationships challenging), the
relatively small study sample size and the wide age-range. We have no data on disease flare
or puberty stage (of the younger participants), and suboptimal data on physical activity. The
study consisted mainly of Caucasians, and one should be careful about extrapolating results to

other populations.

Conclusion

Despite normal BMI, patients with JDM, especially those with active disease, had
unfavorable body composition, which was associated with impaired muscle strength, HRQL,
metabolic and cardiac function. The mechanisms underlying the unfavourable body
composition in JDM have yet to be explored. Our results suggest associations between central
fat distribution and cardiometabolic alterations, especially left ventricular cardiac dysfunction.
This is a novel and potentially modifiable finding in patients with JDM. However, further

studies are warranted to explore the clinical relevance of impaired body composition.

Funding: No specific funding was received from any bodies in the public, commercial or not-for-
profit sectors to carry out the work described in this article.
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Table 1. Associations between body composition and cardiometabolic measures, muscle strength and HRQL in

patients with JDM
e’ LAS HDL TG MMT-8 SF 36 PCS
(n=56) (n=57) (n=54) (n=51)
ALMI, kg/m? 0.083 -0.261* -0.214 0.045 0.638%* 0.286
BF% -0.187 -0.072 -0.246 -0.045 -0.314 -0.362*
A:G ratio -0.298** -0.314** -0.580** 0.649%* 0.063 -0.197

Values are standardized B, adjusted for age and sex. N= 59 if otherwise not stated. *p<0.05, **p<0.01. ALMI,
appendicular lean mass index; BF%, body fat percentage of total body mass; A:G fat ratio, android:gynoid fat
mass ratio; e’, early diastolic tissue velocity (marker of diastolic function); LAS, long axis strain (marker of

systolic function); HDL, high density lipoprotein cholesterol; TG, triglyceride; MMT-8, manual muscle test-8;

SF 36 PCS, 36 item short form health survey, physical component score.

Table 2. Characteristics of patients with JDM, including active and inactive disease-groups, and matched

controls at follow-up

Page 20 of 23

JDM active JDM inactive JDM total Controls
(n=30) (n=29) (n=59) (n=59)
Characteristics and disease measures
Female, n (%) 21 (70.0) 15 (51.7) 36 (61.0) 36 (61.0)

Age,y

Disease duration, y

BMI, kg/m?

Physical activity, h/w

DAS total at FU

SF36 PCS> 13y

MMT-8

Medication

Prednisolone
Cumulative dose, g

Current use, n (%)

DMARD and/or Prednisolone

Current user, n (%)

21.5(13.7-36.3)
16.8 (7.0-28.1)
21.9 (5.1)
4(3-5)

6 (5-8)

47.3 (39.1-54.7)
75 (73-77)

8.9 (5.7-15.6)
9 (30.0)

14 (46.7)

Markers of cardiometabolic function

Echocardiography
e’, cm/s
LAS, %

Blood lipids

10.9 (2.8)
16.7 (2.7)

21.5 (16.9-33.6)
16.7 (6.8-24.8)
22.7 (4.5)

4 (3-4)

3 (1-5) **

56.9 (52.3-59.7) **
79 (79-80) *

6.0 (0.9-10.4) *

1 (3.4)

3(10.3) *

11.6 (2.7)
16.4 (2.4)

21.5(15.4-34.8)
16.8 (6.9-27.0)
22.3 (4.8)

4 (3-4)

5 (3-6)

53.9 (46.4-58.2)
78 (75-80)

7.9 (3.6-12.6)

10 (16.9)

17 (28.8)

11.3 (2.8)
16.6 (2.5)

21.6 (15.1-34.8)
NA

22.5 (4.5)

5(4-5) *

NA

56.9 (52.8-59.7) *
80 (80-80) **

NA

NA

NA

12.4 (2.1) *
17.7 (2.0) **
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HDL, mmol/L 1.2(0.3) 1.2 (0.3) 1.2 (0.3) 1.5 (0.4) *
TG, mmol/L 1.0 (0.8-1.4) 0.9 (0.7-1.9) 0.9 (0.7-1.7) 0.8 (0.6-1.3) *

Circulating inflammation markers

oNOYTULT D WN =

hs-CRP, mg/L 1.4 (0.4-4.0) 0.8 (0.3-2.0) 1.0 (0.3-2.5) 0.6 (0.2-1.3)
IP-10, pg/mL 1014 (940-1462) 1002 (876-1617) 1009 (918-1569) 963 (751-1174) *
1 MCP-1, pg/mL 33.5(19.6-47.3)  23.8(15.7-43.8) 28.5(18.7-46.3)  23.7(15.3-32.2) *
13 IL-6, pg/mL 43(33-7.3) 3.6(3.1-5.2) 3.9(3.2-5.7) 3.6 (2.5-4.5) *
TNF-a, pg/mL 17.4 (12.5-23.6)  16.6(12.9-23.1) 16.8 (12.8-23.3)  15.3 (11.4-18.5)

16 Values are mean (SD), median (IQR) or number (%); HDL, n= 57 pairs, JDM active n=28; ¢’, n= 56 pairs, JDM
active n = 29; TG, n= 54 pairs, JDM active n= 26; Cytokines, n = 54 pairs, JDM active n=28; Physical activity,
hours/week (h/w) n=51 pairs; SF-36 PCS >13 y, n=51 pairs. *p <0.05, **p <0.001, when comparing patients and
controls or JDM active and JDM inactive. BMI, body mass index; DAS total at FU, disease activity score at
follow-up; SF 36 PCS, 36 item short form health survey, physical component score; MMT-8, manual muscle
test-8; DMARD, disease- modifying antirheumatic drug; e’, early diastolic tissue velocity; LAS, long axis strain;
HDL, high density lipoprotein cholesterol; TG, triglyceride; hs-CRP, high sensitive c-reactive protein; IP-10,
Interferon gamma-induced protein-10; MCP-1, Monocyte attractant protein-1; IL-6, Interleukine-6; TNF-a.,
tumour necrosis factor-alpha.
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Table 3. Body composition in patients with JDM, including active and inactive disease-groups, and controls at
follow-up

JDM active JDM inactive p-value JDM total Controls p-value o

(n=30) (n=29) (n=59) (n=59) g
Lean mass, kg §_,
Total LM 38.0 (14.7) 449 (9.7) 0.036 41.4 (12.9) 44.9 (13.6) 0.008 (_Eh
Trunk LM 19.0 (7.2) 22.1(4.9) 0.057 20.5(6.3) 21.8 (6.5) 0.032 %
Arms LM 3.7(1.9) 4.9 (1.5) 0.030 4.2 (1.8) 4.7 (1.8) 0.007 ﬁi
Legs LM 12.6 (7.3) 15.3 (3.6) 0.027 13.9 (4.9) 15.6 (5.2) 0.006 %
ALM 16.2 (7.3) 20.0 (4.9) 0.024 18.1 (6.5) 20.2 (6.9) 0.004 %
Fat mass, kg (‘%
Total FM 17.5(13.3-28.6) 16.4(13.0-21.9) 0.81 16.6 (13.0-24.7)  16.8 (13.2-22.2) 0.22 -%g
Trunk FM 8.2 (5.5-13.3) 8.2 (5.6-11.9) 0.98 8.2 (5.5-12.2) 7.5 (5.5-10.2) 0.15 %
Arms FM 1.8 (1.4-2.7) 1.5(1.3-2.2) 0.35 1.8(1.3-2.4) 1.8 (1.4-2.3) 0.37 éi
Legs FM 6.4 (4.9-9.3) 6.1 (4.9-8.5) 0.72 6.3 (4.9-8.9) 6.4 (5.0-8.4) 0.44 :2)-\)
AFM 8.1(6.6-11.6) 7.8 (6.3-10.8) 0.66 8.0 (6.4-10.9) 8.1 (6.5-10.6) 0.42 §
Android 1.3 (0.8-2.1) 1.2 (0.8-2.1) 0.87 1.2 (0.8-2.1) 1.1 (0.7-1.5) 0.097 §
Gynoid 3.0 (2.2-4.6) 3.0 (2.2-4.3) 0.93 3.0 (2.2-4.6) 3.1(2.3-42) 0.76 %
Total mass @ m+rv+Bmc)s KE %
Total Mass 59.6 (22.7) 66.8 (16.4) 0.17 63.1 (20.0) 65.4 (19.8) 0.37 §
Trunk TM 29.3 (12.9) 32.4(9.0) 0.29 30.8 (11.2) 31.2(10.4) 0.79 §
Arms TM 5.9 (2.5) 6.8 (1.9) 0.13 6.4 (2.2) 6.8 (2.2) 0.099 g
Legs TM 20.3 (7.5) 23.4(6.3) 0.092 21.9(7.0) 23.2(7.1) 0.17 gi
Body Fat % g
Total BF % 32.0(6.9) 28.1 (8.1) 0.052 30.1 (7.7) 27.1(7.3) 0.018 g
Trunk BF % 30.6 (9.3) 27.9 (9.6) 0.28 29.3 (9.5) 26.4 (8.9) 0.080 g
Arms BF % 35.1(9.1) 27.3(9.3) 0.002 31.3(10.0) 28.3 (8.5) 0.019 %
Legs BF % 34.8 (8.5) 29.5(9.2) 0.025 322(9.2) 29.1(7.7) 0.011 %’
AFM BF % 34.9 (8.6) 29.0 (9.2) 0.014 32.0(9.3) 28.9 (7.9) 0.011 g
Indices (kg/m?) or ratio 5
LMI 14.0 (2.9) 154 (1.8) 0.029 14.7 (2.5) 15.6 (2.6) 0.014 g
ALMI 5.9(1.6) 6.8 (1.1) 0.013 6.4 (1.4) 7.0 (1.5) 0.006 g
FMI 6.4 (4.8-9.4) 6.0 (4.3-7.5) 0.32 6.1 (4.5-8.5) 5.7 (4.7-1.8) 0.12 g:’\j
AFMI 3.2(2.6-4.2) 2.7(2.1-3.7) 0.21 3.0 (2.3-3.8) 2.8(2.3-3.6) 0.24 §
A:G ratio 0.37 (0.32-0.66)  0.39 (0.26-0.49) 0.93 0.38 (0.26-0.62)  0.32(0.24-0.44)  0.005 %

Values are mean (SD), median (IQR) or number (%); p-values between patients with JDM and controls and
between JDM active and JDM inactive. Significant p-values are marked in bold. LM, lean mass; ALM,
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appendicular lean mass; FM, fat mass; AFM, appendicular fat mass; BF%, body fat percentage of total body
mass; TM, total body mass; BMC, bone mineral content; LMI, LM index; ALMI, ALM index; FM%, FM
percentage; FMI, FM index; AFMI, AFM index; A:G ratio, android:gynoid fat mass ratio.

Table 4. Associations between body composition measures and disease variables in patients with JDM

Univariable analysis Multivariable analysis
B 95% CI p-value B 95% CI p-value
ALMI, kg/m?
Age,y 0.05 0.02,0.08  <0.001 0.06 0.03,0.09  <0.001
Male sex 1.30 0.62,1.99  <0.001 1.26 0.61,1.91  <0.001
Cumulative prednisolone dose, g 0.00 -0.03,0.03  0.99
IL-6, pg/mL 0.00 -0.05,0.04  0.88
MCP-1, pg/mL 0.008 -0.010,0.026 0.37 -0.019 -0.035,-0.002 0.029
DAS total at FU -0.13 -0.25,0.00  0.050
BF%
Age,y 0.11 -0.05,0.27 0.17 0.10 -0.05,0.24  0.17
Male sex =792 -11.51,-432 <0.001 -6.93  -10.48,-3.38 <0.001
hs-CRP, mg/L 1.15 0.60,1.71  <0.001 0.83 0.29,1.36  0.003
Cumulative prednisolone dose, g 0.08 -0.09,0.25 0.36
IL-6, pg/mL 0.04 -0.16,0.24  0.67
MCP-1, pg/L 0.03 -0.06,0.13  0.49
A:G ratio
Age,y 0.02 0.01,0.02  <0.001 0.01 0.01,0.02  <0.001
Male sex 0.21 0.03,0.40  0.026 0.15 -0.03,0.33  0.092

Cumulative prednisolone dose, g 0.01 0.00,0.02  0.004

IL-6, pg/mL 000  -0.01,0.01 0.85
MCP-1, pg/mL 0.006  0.001,0.010 0.016
DAS total at FU 002  -0.01,0.05 022

Univariable and multivariable linear regression analysis with ALMI, BF% and A:G ratio as dependent variables;
Values are unstandardized B3 (8) and 95% confidence interval (CI); significant p-values are marked in bold.
ALMI, appendicular lean mass index; BF %, body fat percentage of total body mass; A:G ratio, android:gynoid
fat mass ratio; hs-CRP, high sensitivity c-reactive protein; IL-6, interleukin 6; MCP-1, monocyte attractant
protein; DAS total, disease activity score.
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Figure 1. Body composition in patients with JDM and controls stratified by sex and age at follow-up.
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A: body composition variables (ALMI (left panel), BF% (middle panel) and A:G ratio (right panel)) in study participants (patients with JDM and

age- and sex matched controls), stratified by sex. B: body composition variables (ALMI (left panel), BF% (middle panel) and A:G ratio (right

panel)) in study participants (patients with JDM and age- and sex matched controls), stratified by age < 18 versus >= age 18 years .

ALMI, appendicular lean mass index; BF%, Body fat percentage; A:G ratio, android fat mass:gynoid fat mass ratio.
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