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Abstract

Objectives. Primary aims were to compare adipose tissue distribution in adult patients with juvenile-onset DM
(UDM), with matched controls. Secondary aims were to explore how adipose tissue distribution is associated with
cardio-metabolic status (cardiac dysfunction and metabolic syndrome) in patients.

Methods. Thirty-nine JDM patients (all aged >18y, mean age 31.7y and 51% female) were examined mean 22.7y
(s.0. 8.9y) after disease onset and compared with 39 age/sex-matched controls. In patients, disease activity and
lipodystrophy were assessed by validated tools and use of prednisolone noted. In all participants, dual-energy X-ray
absorptiometry (DXA) and echocardiography were used to measure visceral adipose tissue (VAT)(g) and cardiac func-
tion, respectively. Risk factors for metabolic syndrome were measured and associations with adipose tissue distribution
explored. For primary and secondary aims, respectively, P-values <0.05 and <0.01 were considered significant.
Results. Patients exhibited a 2.4-fold increase in VAT, and reduced HDL-cholesterol values compared with controls
(P-values < 0.05). Metabolic syndrome was found in 25.7% of the patients and none of the controls. Cardiac dysfunction
(systolic and/or diastolic) was found in 23.7% of patients and 8.1% of controls (P=0.07). In patients, VAT levels were
correlated with age, disease duration and occurrence of metabolic syndrome and cardiac dysfunction. Occurrence of
lipodystrophy (P=0.02) and male sex (P=0.04) tended to be independently associated with cardiac dysfunction.
Conclusion. Adults with JDM showed more central adiposity and cardio-metabolic alterations than controls.
Further, VAT was found increased with disease duration, which was associated with development of cardio-
metabolic syndrome.
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Rheumatology key messages

« Juvenile onset dermatomyositis patients had 2.4 times more visceral adipose tissue than controls.

o Cardio-metabolic alterations were found in approximately 25% of the JDM patients and 8% of controls.

e Occurrence of lipodystrophy and male sex tended to be independently associated with cardiac dysfunction in
JDM.
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during childhood and adolescence, and most cases
occur with juvenile autoimmune diseases [5-7], especial-
ly JDM [2, 4, 5, 8].

In lipodystrophy, lack of, or dysfunctional versions of
subcutaneous adipocytes with limited ability to store fat
[9] is associated with the development of metabolic
abnormalities such as hypertension, dyslipidaemia and
impaired glucose tolerance [9-12]. These abnormalities
are similarly consequences of expanded visceral adi-
pose tissue as found in abdominal obese phenotypes
[13]. Although lipodystrophy and abdominal obesity are
separate phenotypes, both conditions are associated
with increased risk of developing metabolic syndrome
[11, 12]. A comorbidity to metabolic syndrome is cardio-
vascular diseases—hence, the condition is also referred
to as cardio-metabolic syndrome [14]—of which cardiac
dysfunction is a measure of the reduced pumping cap-
acity of the heart [15]. Metabolic syndrome has been
found in almost 50% of DM patients [16-18] and subclin-
ical cardiac dysfunction is frequently found in JDM
patients (28-72%) [19, 20].

Lipodystrophy in JDM is clinically scored as an item in
the myositis damage index (MDI). We and others have
found lipodystrophy to be present in 13-65% of JDM
patients after both short- and long-term disease [2-4,
17, 21]. Yet assessment of lipodystrophy according to
the MDI does not provide any objective measure of adi-
pose tissue distribution or mass. These features can be
measured by use of dual-energy X-ray absorptiometry
(DXA). Use of DXA software enables the measurement
of the amount of VAT separate from that of total body
fat, and therefore provides important data that have not
been reported before for JDM. The association between
VAT and cardio-metabolic syndrome in this patient
group has also not been studied previously.

Our primary aim was to compare the distribution of
regional fat, including of VAT, in adults who had long-
term JDM with that in age- and sex-matched controls.
Secondary aims were to explore the association be-
tween adipose tissue phenotypes, metabolic syndrome
and cardiac dysfunction.

Patients and methods
Study population

This study was part of a larger, controlled, cross-sectional
study conducted in Norway which included JDM patients
who had been diagnosed between 1970 and 2006 previ-
ously described in detail [22]. Briefly, JDM patients were
identified from hospital records and all could be tracked
through the national population register. In the overall study,
inclusion criteria for patients were: a probable or definite
diagnosis of DM, disease onset before 18y of age, age
>6y and a minimum of 24 months of disease duration at in-
clusion. Fifty-nine patients were included and age- and sex-
matched controls (1:1 with patients) were randomly drawn
from the National Population Register. At the time of inclu-
sion, 39/59 patients were >18y old. We consider VAT as
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an essential variable which was only possible to measure in
adult study participants age >18y. Therefore, we only
included all adult study participants (39 patients and 39
controls) in the present study.

Ethics

As required under the Declaration of Helsinki, written
informed consent was obtained from all patients and
controls, and from parents in the cases of participants
who were <16y of age. The current study was specific-
ally approved by The Regional Committees for Medical
Research Ethics South-East Norway, REC south-east B,
approval number S-05144.

Data collection and clinical measurements

Study participants were clinically examined over the
period 2005-2009 by a single physician (HS) during a
follow-up (FU) programme that was conducted at Oslo
University Hospital (OUS). This included systolic and
diastolic blood pressure. In patients, disease activity
was measured by DAS for JDM (DAS) (0-20) including
DAS skin (0-9) and DAS muscle (0-11) [23]. Cumulative
organ damage including lipodystrophy was measured
through use of the MDI (0-40) [24]. All study participants
completed self-reported questionnaires at FU to assess
their daily smoking levels at that time and their average
weekly physical activity over the last year [25]. We cate-
gorized activities as those that induced sweat or breath-
lessness as frequencies: < or > twice a week.

Blood samples were taken from participants when in
a non-fasting state and were analysed for levels of glu-
cose, total cholesterol, triglycerides (TG), high density
lipoproteins (HDL), low density lipoproteins (LDL) and
lipoproteins (a), and erythrocyte sedimentation rate (ESR
were all measured consecutively at the accredited med-
ical biochemistry laboratory at OUS Rikshospitalet
according to standard protocols). High-sensitivity CRP
(hsCRP) was assayed (Cobas c702, Roche Diagnostics,
Indianapolis, IN, USA) in a single run at the same medic-
al laboratory. Samples were taken at approximately the
same time point (early in the morning and non-fasting)
from both patients and controls.

To identify study participants who had metabolic syn-
drome, we used the definition set by the US national
cholesterol education program adult treatment panel IlI
[11]. These require the presence of three or more of the
following risk factors: waist circumference >102 cm in
men and >88 cm in women; TG >1.7mmol/l; HDL
<1.04 mmol/l in men and <1.29 mmol/l in women; fast-
ing blood glucose >5.6 mmol/l; and elevated SBP and
DBP >130/85 mmHg. For this study, no waist circumfer-
ence measurements were available. However, a BMI of
>30 kg/m? was used as a surrogate estimate of central
obesity. The World Health Organization [12] and others
[26] have included BMI in their definition of the metabol-
ic syndrome. Although blood samples for TG and glu-
cose measurement had been drawn during non-fasting
periods, we used standard fasting reference values.
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Cardiac function measures

Two-dimensional M-mode and Doppler echocardiog-
raphy were performed, using a Vivid 7 ultrasound scan-
ner, (GE-Vingmed Ultrasound, Horten, Norway), as
previously described [20]. In brief, to assess left ven-
tricular (LV) systolic function we calculated long axis
strain (LAS) as the average septal and mitral annulus
displacement expressed as a percentage of LV end-
diastolic length. LV diastolic cardiac function was
assessed as early diastolic tissue velocity (e’). We
defined systolic dysfunction as LAS <13.7% and
diastolic dysfunction as e’ <8.2cm/second, which are
median—2SD of control values [27]. LV cardiac dys-
function was defined as occurrence of systolic and/or
diastolic dysfunction.

When both metabolic syndrome and cardiac dysfunc-
tion are mentioned together, we used the term ‘cardio-
metabolic syndrome’.

Adipose tissue distribution

Adipose tissue distribution was determined in all study
participants through use of DXA. The total mass of fat
(FM) was measured by application of a narrow fan-beam
densitometer scan according to the manufacturer’s
protocol (GE Healthcare Lunar Prodigy, Madison, WI,
USA). Android and gynoid fat was measured in regions of
interest through use of the DXA enCORE software (ver-
sion 16 from GE Healthcare). VAT was computed by sub-
traction of SAT from the total amount of android fat
(which had been analysed in 2014) [28] and the
android : gynoid ratio was calculated. Complete VAT
data were obtained in 38 patients and 36 controls,
and are presented as weight and percentage of total
body fat.

Statistics

Differences between patients and controls were tested
by independent sample t-tests, Mann-Whitney U tests
or y? tests, as appropriate. Correlations were deter-
mined by the Pearson or Spearman correlation coeffi-
cients when appropriate. Associations with sex, time
factors, blood pressure and adipose phenotypic values,
and the composite variables ‘metabolic syndrome’ and
‘cardiac dysfunction’, were assessed for the patients
only. Strengths of correlations were defined as weak
rsp=0.1-0.3, moderate as ry,=0.3-0.6 and strong
rsp=0.6-1.0. P-values <0.05 were considered statistic-
ally significant. Statistical analysis was only performed
when n>4. Correlations between variables that were
included in composite variables were not assessed.

Determinants contributing to decreased cardiac func-
tion and occurrence of metabolic syndrome as outcome
measures was assessed using logistic regression analy-
ses. First, explanatory variables were tested in univariate
models. If they showed associations with (P <0.05) or
were known from the literature to be associated with the
outcome variables, these variables were included in the
multivariate models (using enter).

The significance level was set at 5% (P < 0.05) for our
primary aims. In order to correct for multiple compari-
sons, the significance level was set at 1% (P <0.01) for
our secondary aims. All statistical analyses were
performed SPSS version 26.0 (SPSS, Chicago, IL, USA).

Results
Characteristics and disease variables in patients

In patients, mean disease duration was 22.7y (s.n. 8.9y)
at FU (Table 1). Approximately half of the patients (i)

TasLe 1 Characteristics and disease variables in study participants

Characteristics

Patients (n = 39)

Controls (n = 39)

Female, n (%) 8(51.4) 8(51.4) NA
Age at FU, y* 31 7(10.3) 31 8(10.2) NA
Weight, kg? 71.9 (16.2) 72.9 (14.7) 0.78
Height, m? 1. 73( 1) 1.74(0.1) 0.46
PRINTO inactive, n (%) 20 (47.4) NA NA
Disease duration, y? 22 7(8.9) NA NA
DAS total FUP .5(3.0-6.5) NA NA
MDI total at FUP .0(2.0-7.0) NA NA
Lipodystrophy, n (%) 0(25.6) NA NA
ESR, mm/h® .0 (4.0-10.0) 4 (3.0-8.0) 0.81
hs-CRP, mg/I° .1(0.2-3.1) 0.7 (0.3-1.3) 0.46
Prednisolone treatment at FU, n (%) 4(10.3) NA NA
Years of prednisolone use during disease course® .8(0.8-6.5) NA NA
Cumulative prednisolone at FU, g° .0 (8.5-16.7) NA NA
Physical activity frequencies >2 times/week, n (%) 23 (59.0) 27 (69.2) 0.35
Smokers daily at FU, n (%) 1(28.2) 7(17.9) 0.28

Values are n (%), ®mean (s.0.) or °median (IQR). FU: follow-up; hs-CRP: high sensitive CRP; MDI: myositis damage index;
NA: not applicable. Independent samples t test and Xz were used to compare differences between patients and controls,
when appropriate.
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TaBLE 2 Body composition in study participants
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Patients (n = 39) Controls (n = 39) P
Total body fat mass, kg° 22.6 (8.7) 20.3(7.6) 0.21
VAT, g® 5572 (178-1072) 232° (72-751) 0.04
VAT % of total body fat mass® 2.5%(1.0-4.7) 1.2°(0.4-2.3) 0.009
SAT, g¢ 19.72 (14.7-29.2) 17.7° (14.5-24.5) 0.27
SAT % of total body fat mass® 2.6% (1.0-4.8) 1.3°(0.5-2.3) 0.02
Appendicular fat mass, kg°® 10 0(4.3) 9.3(3.2) 0.45
Android fat mass, kg°® .0@1.1) 1.6 (1.0) 0.10
Gynoid fat mass, kg°® 9(1.7) 3.8(1.4) 0.92
Android: Gynoid fat mass ratio® 0. 42 (0.35-0.70) 0.36 (0.29-0.49) 0.01

Values are ®n=238, Pn =35, °mean (s.0.) or median (IQR). VAT: visceral adipose tissue. Independent samples t tests were
used to compare differences between patients and controls. Values in bold: P <0.05.

TasLe 3 Cardio-metabolic risk factors and cardiac function in study participants

Patients Controls P
Triglycerides, mmol/I 8(1.63) 1(1.0) 0.03
LDL-cholesterol?, mmol/I 2. 42 0.76) 2. 90 (1.4) 0.02
HDL-cholesterol in women, mmol/I 1.25(0.28) 1.62 (0.41) 0.002
HDL-cholesterol in men, mmol/I 0.92 (0.31) 1.24 (0.30) 0.005
Total cholesterol®, mmol/I 4.44(0.83) 4.86 (0.96) 0.06
Lipoprotein(a), mg/I 351.0 (246.7) 398.7 (409.2) 0.64
Glucose®, mmol/I 5.11(0.93) 4.93 (0.58) 0.44
SBP, mmHg 121.3.0(22.7) 115.3 (13.0) 0.16
DBP, mmHg 72.4 (14.0) 70.3(7.9) 0.40
LAS, % 15.6 (2.4) 17.2(1.7) 0.001
e’,cm/s 10.2 (2.6) 11.8(2.1) 0.005
BMI, kg/m? 24.1 (4.4) 24.0 (3.9) 0.92

Values are mean (s.n.). Unless otherwise stated, n in both patients/controls =39, n =32, °n=31,

°n=230. DBP: diastolic

blood pressure; e’: early diastolic tissue velocity; HDL: high-density lipoprotein; LAS: long axis strain; LDL: low-density lipo-

protein; SBP: systolic blood pressure.

Independent samples t test and ;> were used to compare differences between

patients and controls, when appropriate. Values in bold: P <0.01.

were female (n=18, 51.4%) and (ii) had inactive disease
(n=20, 47.4%) (Table 1). Median MDI was 5.0 (2.0-7.0)
and lipodystrophy was found in 10 patients (26%). The
median total DAS was 4.5 (3.0-6.5) (Table 1). At FU, four
patients (10%) were treated with prednisolone.

Body fat composition in study participants

Patients had 2.4 times more VAT and approximately
twice as much VAT as a percentage of their total body
FM compared with controls (P’s 0.04 and 0.009, re-
spectively). Further, the android : gynoid ratio was 1.2
times higher than that of the controls (Table 2, P=0.01).
Also, SAT % of total body fat mass was higher in the
patient group (Table 2, P=0.02).

Metabolic risk factors and cardiac function in study
participants

Both female and male patients had lower HDL-
cholesterol levels than the controls of the same sex
(0.37 mmol/l and 0.34 mmol/l, P=0.002 and 0.005, re-
spectively) (Table 3). Glucose levels and blood pressure

https://academic.oup.com/rheumatology

were not significantly different between patients and
controls. In patients, both systolic function (LAS) and
diastolic function (e’) were reduced compared with con-
trols by 9% (P =0.005) and 1.6cm/second (P =0.001).
BMI was not significantly different between patients and
controls (Table 3).

Occurrence of cardio-metabolic risk factors, meta-
bolic syndrome and cardiac dysfunction in patients
compared with controls

TG levels >1.7mmol/l were found in 37.1% of the
patients and in 11.4% of the controls (P=0.01)
(Fig. 1A). It was found that 26% of patients had meta-
bolic syndrome, whereas no controls did (P=0.02)
(Fig. 1A). Also, 24% of the patients had cardiac dysfunc-
tion, which was almost three times as many as the con-
trols; however, this did not reach significance (P=0.07)
(Fig. 1B). Three patients had coexisting metabolic syn-
drome and cardiac dysfunction; none of these patients
used glucocorticoids at follow-up.
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Fie. 1 Occurrence (%) of cardio-metabolic risk factors, metabolic syndrome and cardiac dysfunction in patients com-
pared with controls.
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(A) Occurrence (%) of the cardio-metabolic risk factors: body mass index (BMI), lipids, blood pressure and glucose at
levels exposing risk for the metabolic syndrome, and occurrence of metabolic syndrome. (B) Data for systolic and
diastolic dysfunction, and occurrence of cardiac dysfunction when one or both systolic and diastolic dysfunction
were present. High BMI: >30 kg/m? high TG: triglycerides >1.7 mmol/l; low HDL: high density lipoprotein
<1.04 mmol/l in men and 1.29 mmol/l in women; high BP: systolic and diastolic blood pressure >130/85 mmHg; high
glucose: blood glucose >5.6 mmol/l; low LAS: long axis strain <13.7%; low e’: early diastolic tissue velocity
<8.2 cm/s; cardiac dysfunction: presence of low LAS and/or low e’. *P < 0.05; **P < 0.01.

TasLe 4 Correlations between visceral adipose tissue, metabolic syndrome, cardiac dysfunction and relevant explana-
tory variables

Visceral adipose tissue Metabolic syndrome

Cardiac dysfunction

Patients Controls Patients Patients
(n = 38-39) (n = 37-39) (n = 38-39) (n = 38-39)

Cumulative prednisolone 0.21 NA -0.29 0.40
Male gender 0.30 0.33 0.28 0.46"
Age at first symptoms 0.28 NA 0.11 0.14
Age at FU 0.47 0.19 0.20 0.31

Disease duration to FU 0.44° NA 0.17 0.28
SBP 0.43 0.47 NA NA

DBP 0.50° 0.34 NA NA

VAT NA NA 0.75 0.43
Lipodystrophy 0.27 NA -0.17 0.51"
Android : gynoid fat mass ratio 0.75 0.85" 0.30 0.40

DBP: diastolic blood pressure; FU: follow-up; NA: not applicable; SBP: systolic blood pressure; VAT: visceral adipose tis-
sue. Values are Pearson’s or Spearman’s correlation coefficient when appropriate; *P <0.01.

Correlations between visceral adipose tissue,
metabolic syndrome, cardiac dysfunction and
relevant explanatory variables

of VAT, male gender and the occurrence of lipodystro-
phy (Table 4).

In patients, VAT was strongly associated with occur-
rence of metabolic syndrome and moderately associ-
ated with cardiac dysfunction, disease duration and

Determinants of cardiac dysfunction and metabolic
syndrome in patients

diastolic blood pressure (Table 4). Cardiac dysfunction
was moderately associated with both higher amounts

SI1200

Lipodystrophy and male sex tended to be associated
with cardiac dysfunction (Table 5), but did not reach
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TasLe 5 Determinants of cardiac dysfunction in patients

Univariate analyses

OR (95% CI)

Adipose tissue and cardio-metabolic alterations in JDM

Multivariate analysis

Cardiac dysfunction

Lipodystrophy 12.5(2.19, 71.36)
Male gender 15.2 (1.66, 139.31)
VAT 1.00 (1.000, 1.003)
Disease duration 1.09 (0.99, 1.21)

OR (95% CI)
0.004 20.11(1.61, 251.50) 0.02
0.16 21.50(1.18, 393.08) 0.04
0.28 1.00 (0.999, 1.003) 0.16
0.10 0.99 (0.85, 1.16) 0.90

Results from univariate and multivariate logistic regression analyses. OR: odds ratio; VAT: visceral adipose tissue. Values

in bold are P <0.05.

statistical significance for our P-values adjusted for mul-
tiple comparisons; both increased the odds ratio of car-
diac dysfunction by ~20%. VAT and disease duration
were not significantly associated with that outcome. No
determinants for metabolic syndrome were found (data
not shown).

Discussion

In our study of JDM patients, assessed after mean dis-
ease duration 22.7years, VAT was increased by 2.4
times compared with controls. Patients had poorer car-
diac outcomes as diastolic and systolic functions, and
more frequent occurrence of metabolic syndrome, both
compared with controls. In patients, VAT correlated
positively with metabolic syndrome and cardiac dys-
function (Table 4). Further, lipodystrophy and male sex
tended to be independently associated with cardiac
dysfunction (Table 5).

We found higher VAT masses and higher android:
gynoid ratios in patients compared with controls, al-
though total FM and BMIs were comparable between
groups. We have previously described body compos-
ition as assessed by DXA in children and adults with
JDM [29]. Similarly, in adult patients with SLE and RA,
VAT has been found to be expanded whereas other adi-
pose tissues were comparable between patients and
controls [30-32]. These studies suggested that the
reported increases in VAT might be due to disease-
related factors rather than the weight gain that is often
induced by glucocorticoid treatment. It is of note that
only 10% of our patients were on prednisolone at FU.

A quarter of our patient group had lipodystrophy. Of
all autoimmune diseases, JDM is the most frequent
associated with lipodystrophy, a complication rarely
described in adult-onset DM [33]. Both lipodystrophy
and high VAT mass have been associated with metabol-
ic abnormalities [9, 10, 13], as discussed below. A po-
tential reason for the metabolic implications of both
lipodystrophy and increased VAT mass might be a com-
mon lack of subcutaneous lipid-storing cells. This
storage-cell shortage causes lipids to accumulate in-
stead in the metabolically active visceral adipocytes in

https://academic.oup.com/rheumatology

the abdomen and/or in the liver [9]. However, in visceral
adipocytes, the molecular mechanism that leads to de-
velopment of metabolic syndrome might differ in
patients with autoimmune diseases, such as JDM [9],
compared with the general population [10].0f the risk
factors for metabolic syndrome, HDL-cholesterol levels
in our patients were lower than those of the controls.

Also in patients, there was a tendency towards higher
TG and lower LDL cholesterol levels compared with the
controls (although not reaching our adjusted P-values).
Decreased rather that increased cholesterol levels are
commonly reported in inflammatory diseases such as
RA, SLE and JDM [26, 31, 34], including long-term JDM
[35]. A lipid lowering effect from pro-inflammatory cyto-
kines is a potential explanation for the lower levels of
cholesterol in rheumatic patients [36]. Still, this dyslipi-
demic profile constitutes—similarly to a high lipid profile
in non-rheumatic patients—a risk of developing meta-
bolic syndrome, cardiovascular disease, and eventually
heart failure [34, 36].

Patients more frequently had cardiac dysfunction (sys-
tolic and/or diastolic dysfunction) than controls (albeit
mostly sub-clinically), as we have reported previously in
both children and adults with JDM [20]. Cardiac abnor-
malities and the degree of dysfunction vary according to
the underlying autoimmune disease [37]. In other words,
both types of autoimmunity, along with disease-related
myocarditis and inflamed cardiac vasculature, might be
primary causes of the cardiac dysfunction that is found
in idiopathic inflammatory myopathy (IIM) including JDM
[20, 38].

The metabolic syndrome was observed in around a
quarter of our patient and none of the controls. Three
patients had coexisting metabolic syndrome and cardiac
dysfunction, none of these patients were using prednis-
olone at follow-up. Prevalence of metabolic syndrome
has been found more commonly in autoimmune dis-
eases when compared with controls, and has been
observed in almost 50% of patients with adult-onset IIM
[18, 39]. The prevalence of metabolic syndrome in JDM
and in other paediatric rheumatic diseases is unknown;
however, an increased risk (OR: 5.2) of metabolic syn-
drome has been described in adults with juvenile-onset
arthritis [40]. The inflammatory state of [IM, which
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involves increased ESR and levels of hsCRP and raised
levels of various cytokines that are produced by acti-
vated immune cells, is a probable promoter of the syn-
drome. Also, increased levels of VAT would further
escalate the inflammatory state and metabolic altera-
tions leading to metabolic syndrome in IIM [10] also in
JDM. In patients, higher amounts of VAT were moder-
ately associated with disease duration. Similarly, VAT
has been found to increase with disease duration in fe-
male SLE patients; this is thought to be due to long-
term use of low doses of corticosteroids [31]. However,
we found no correlation between VAT and cumulative
prednisolone dosage. Thus, we might speculate that the
association with disease duration that was found in our
patients was due to autoimmune damage to subcutane-
ous fat. Still, we have no evidence of such damage to
support this explanation.

Occurrence of the metabolic syndrome was not sur-
prisingly associated with increased levels of VAT.
Expansion of VAT has been found to increase the risk of
development of metabolic syndrome in the general
population [13]. However, after adjustments for sex, lipo-
dystrophy and disease duration, the metabolic syn-
drome among our patients was no longer significantly
associated with levels of VAT; this may have been
related to the relatively small sample size (Type 2 error).
A larger study found a strong association between levels
of VAT and metabolic syndrome in RA patients even
after several adjustments [30]. This finding shows the
impact of VAT on the development of metabolic syn-
drome, also in rheumatic patients.

Cardiac dysfunction was associated with male sex,
and with measures of adipose distribution, which were:
levels of VAT and occurrence of lipodystrophy. Diastolic
and systolic dysfunctions represent different functional
impairments in cardiac function [41, 42]. Whereas obesity
is associated with both systolic and diastolic dysfunction
[15], male sex and autoimmune alteration to the myocar-
dium are associated with systolic dysfunction [41, 43].
Also, dysfunctional microvasculature has been found to
be associated with a reduction in cardiac contractility in
obese people [15]. Therefore, JDM patients can have
microvasculature abnormalities due to their vasculopathy
and might be at higher risk of suffering from cardiac dys-
function. However, in a previous study we found no such
association in our patients [44]. Moreover, cardiac altera-
tions in patients with acquired lipodystrophy have been
found to involve both diastolic and systolic dysfunctions
[45, 46]. There was a tendency towards associations be-
tween cardiac dysfunction and lipodystrophy and male
sex when adjusted for disease duration, age and
amounts of VAT. However, the study might be underpow-
ered to detect important associations.

A strength of this study was that the results were less
biased towards serious cases than other outcome stud-
ies have been [47], as 95% of all the tracked and identi-
fied JDM patients participated in the study. Also, the
controls, who were randomly selected from the
Norwegian national registry, were representative of the
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cardio-metabolic status of the general population. This
feature contributed to the strength of the validity of our
study. One limitation was the availability of measure-
ments taken from non-fasting blood samples only; an-
other limitation was that we had no waist circumference
measurements for the study participants. However, the
android: gynoid ratio has been reported to be a good
substitute measure [13].

Conclusion

In this cross-sectional study, adults with juvenile-onset
DM, presents adipose tissue distribution most frequently
as central adiposity and lipodystrophy. Increased levels
of VAT were associated with disease duration and the
development of metabolic syndrome and cardiac dys-
function. The results of this study support the hypoth-
esis that there is a disease-related cause of altered
adipose tissue distribution and of development of meta-
bolic alterations, which adds an extra burden to the risk
of development of cardio-metabolic syndrome in JDM.
However, and importantly, the cardiac dysfunction found
was mostly subclinical and longitudinal studies are
needed in order to follow the progression of cardio-
metabolic alterations in long-term JDM.
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