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ABSTRACT
Objectives  In long-term juvenile dermatomyositis 
(JDM), altered adipose tissue distribution and subclinical 
cardiac dysfunction have been described. Our aims were 
to compare adipokine levels in patients with JDM after 
long-term disease with controls, and explore associations 
between adipokines and (1) adipose tissue distribution and 
(2) cardiac function.
Methods  The study cohort included 59 patients with JDM 
(60% female, mean age 25.2 years, mean disease duration 
16.9 years), and 59 age/sex-matched controls. Updated 
Pediatric Rheumatology International Trials Organization 
criteria for clinically inactive JDM were used to stratify 
patients into active (JDM-active) or inactive (JDM-inactive) 
disease groups. Lipodystrophy was clinically assessed in 
all patients. In all study participants, we measured adipose 
tissue distribution by dual-energy X-ray absorptiometry 
and cardiac function by echocardiography. Serum 
adipokines (adiponectin, apelin-12, lipocalin-2, leptin, 
visfatin and resistin) were analysed using ELISA.
Results  Patients with JDM had higher leptin levels 
compared with controls (p≤0.01). In JDM-active, apelin-12 
and visfatin were higher compared with JDM-inactive 
(p≤0.05). In JDM-total and JDM-active, lower adiponectin 
correlated with lipodystrophy and total fat mass. Also, 
systolic dysfunction correlated with: lower adiponectin in 
JDM-total, JDM-inactive and JDM-active, and with lower 
apelin-12 in JDM-total and JDM-active and resistin in 
JDM-active (all p≤0.05). Lower adiponectin correlated with 
diastolic dysfunction in JDM-total and JDM-active.
Conclusion  After long-term disease, leptin levels were 
unfavourably regulated in patients with JDM compared 
with controls, and apelin-12 and visfatin in JDM-active 
versus JDM-inactive. We found associations between 
adipokines and both adipose tissue distribution and cardiac 
systolic function in all patients with JDM, which was most 
prominent in patients with active disease.

INTRODUCTION
Multiorgan pathologies are found in idio-
pathic inflammatory myopathies (IIMs) 
including juvenile dermatomyositis (JDM). 

The main characteristics of JDM are skin 
rashes and proximal muscle weakness, prob-
ably caused by vasculopathy.1 Furthermore, 
the heart can be affected although mostly 
subclinical.1 Another frequent consequence 
to JDM is altered adipose tissue distribu-
tion with the presence of lipodystrophy2 
and increased abdominal adipose tissue3 as 
recently reported from our study group.4

Adipokines are cytokines produced mainly 
in adipose tissue cells, with an effect on fat 
distribution, blood pressure, metabolism and 
vascular homeostasis.5 Adipose tissue consists 
of adipocytes and immune cells, and when 
expanding, adipocytes increase in size and 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ After long-term disease, patients with juvenile der-
matomyositis (JDM) show signs of subclinical car-
diac dysfunction and unfavourable adipose tissue 
distribution.

	⇒ In JDM, little is known about adipokine profile and 
associations with adipose tissue distribution and 
cardiac function.

WHAT THIS STUDY ADDS
	⇒ We here showed that after long-term disease, pa-
tients with clinically active JDM had higher levels of 
apelin-12 and visfatin compared with patients with 
inactive disease.

	⇒ Cardiac systolic function was positively associated 
with apelin-12 in all patients with JDM, and more 
strongly in patients with clinically active disease.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our findings indicate involvement of the adipokines: 
leptin, apelin-12, visfatin and adiponectin in JDM, 
other than a relation to obesity, which should be 
studied further.
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more immune cells accumulate. In this context, both cell 
types generate an inflammatory milieu due to altered 
proinflammatory cytokine release.6 In the general popu-
lation, most adipokines such as resistin,7 apelin-12,8 
visfatin,9 leptin10 and lipocalin-2 (also known as neutro-
phil gelatinase-associated lipocalin (NGAL)11 12 increase 
in obesity, with the exception of adiponectin,13 which is 
decreased. In autoimmune diseases, the situation might be 
more complex. In fact, there is evidence that adipokines 
associate with disease activity and systemic inflammation 
independent of total body mass index (BMI),14–19 also 
shown in JDM.14 16 However, to our knowledge, adipokine 
levels and their relation to the adipose tissue distribution 
have not been studied in long-term JDM.

In the general population, it is well established that 
obesity-related inflammation is associated with cardiovas-
cular diseases with impaired cardiac contractile (systolic) 
and relaxation (diastolic) function, especially in individ-
uals with central adiposity.5 Subclinical cardiac diastolic 
dysfunction has been found in adult-onset DM20 21 after 
short-term disease. Both diastolic and systolic dysfunc-
tion (mostly subclinical) have been reported in our 
JDM cohort of adults and children clinically examined 
after long-term disease.22 23 Studying the same cohort of 
patients with JDM and controls, we recently described 
an altered body composition with increase in body 
fat percentage and abdominal fat accumulation (this 
included increased android to gynoid fat mass ratio 
and visceral adipose tissue (VAT)) with associations with 
cardiac and metabolic dysfunction.24 25

In view of the unfavourable adipose tissue distribu-
tion associated with impaired cardiometabolic func-
tion in long-term JDM, we aimed to explore the role of 
adipokines in this clinical setting. Aims of the study were 
to compare the adipokine profile in patients with JDM 
versus controls and in patients with active versus inac-
tive disease. Further, we aimed to explore associations 
between the selected adipokines and adipose tissue distri-
bution as well as cardiac systolic and diastolic function.

PATIENTS AND METHODS
Study population
In this cross-sectional study, the eligibility criteria for the 
Norwegian nationwide JDM cohort have been described 
in detail.4 Briefly, patients were included if they had age 
<18 years at disease onset, age ≥6 years at the follow-up 
examination, disease duration >24 months, and a prob-
able or definitive diagnosis of DM according to the 
Bohan and Peter criteria.26 These inclusion criteria were 
met by the 66 patients diagnosed in Norway between 
January 1970 and June 2006. Four of those were deceased 
and 62 were tracked through the National Population 
Register; 59 of 62 (95%) patients participated in the JDM 
cohort study.4 Sex and age-matched controls (1:1) were 
randomly drawn from the National Population Register 
as previously described in detail.27 Exclusion criteria for 

the controls were among others cardiac and other auto-
immune diseases including JDM.27

Data collection and clinical measurements
Patients with JDM and controls were comprehensively 
clinically examined during a follow-up examination visit 
of 1–2 days at Oslo University Hospital (OUS) (September 
2005–May 2009). The examination included echocar-
diography, dual-energy X-ray absorptiometry (DXA) 
scanning for body composition and blood sampling as 
previously described in detail.4 23 24 Muscle strength/
endurance was assessed by unilateral Manual Muscle 
Test 8 (MMT-8) (0–80) and Childhood Myositis Assess-
ment Score (CMAS) (0–52). In the patients, we assessed 
disease activity by the Disease Activity Score for JDM 
(0–20) and cumulative organ damage by the Myositis 
Damage Index (0–40).4 Clinically inactive disease was 
defined according to updated Pediatric Rheumatology 
International Trials Organization (PRINTO) criteria as 
the presence of physician’s global assessment of overall 
disease activity ≤0.2, and at least three of the following: 
(a) serum creatine kinase ≤150 units/L, (b) MMT-8 
≥78 and (c) CMAS ≥48.28 Patients with clinically inactive 
disease were defined as JDM-inactive and the remaining 
were defined as having active disease or JDM-active. A 
self-reporting questionnaire was used to assess average 
physical activity inducing sweating or breathlessness and 
reported as physical activity hours/week.

Serum analyses
Non-fasting blood samples were drawn at the follow-up 
examination. Lipid profile and erythrocyte sedimentation 
rate were measured at the accredited medical biochem-
istry laboratory, Department of Medical Biochemistry, 
OUS, Rikshospitalet according to a standard protocol. 
The remaining serum blood samples were stored in 
smaller batches at −80°C.

Adipokines were analysed in serum batches in 2014 by 
ELISA according to the manufacturer’s protocol. The 
chosen adipokines were: resistin (DY1359), adiponectin 
(DY1065), leptin (DY398), lipocalin-2/NGAL (DY1757) 
(all R&D Systems Minneapolis, Minnesota, USA), visfatin 
(EK-003-80) and apelin-12 (EKE-057-23) (both from 
Phoenix Pharmaceutical Burlingame, California, USA). 
Samples from all patients and controls were analysed at 
the same time to minimise the run-to-run variability.

Adipose tissue distribution
We analysed adipose tissue data retrieved from the orig-
inal DXA scans which were performed at the follow-up 
examination. For this study, the data were reanalysed in 
the same software version, as described earlier.24 In brief, 
in all study participants, total fat mass was measured by 
a narrow fan-beam densitometer scan according to the 
manufacturer’s protocol (GE Healthcare Lunar Prodigy 
Advance, Madison, Wisconsin, USA). VAT was quanti-
fied in the android region of the trunk using the appli-
cation (CoreScan; GE Healthcare). The android region 
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of interest (ROI) contained both VAT and subcutaneous 
adipose tissue (SAT). The software estimated the quan-
tity of SAT in the android ROI, and the amount of VAT 
was computed by subtracting SAT from the total android 
fat in study participants ≥18 years (38 patients and 36 
controls) and is presented as total mass (kg).25

Cardiac function measures
Cardiac function was assessed by echocardiography 
(Vivid 7 ultrasound scanner, GE-Vingmed Ultrasound, 
Horten, Norway) as described earlier.23 Mitral annulus 
(MA) displacement was assessed by anatomical M-mode 
in lateral and septal position using the four-chamber 
apical view. Left ventricular (LV) length was assessed as 
the distance from the endocardial border of the apex to 
the mid-portion of the MA plane. Systolic function was 
measured as long-axis strain (LAS) and calculated as 
MA displacement expressed as a percentage of LV end-
diastolic length. Diastolic function was recorded as early 
diastolic tissue velocity (e’).22

Statistics
For normally distributed continuous data, differences 
between patients and controls were tested by paired 
samples t-test, and differences between JDM subgroups 
by independent samples t-test. The Χ2 test was used 
for categorical data. We used Spearman’s or Pearson’s 
correlation coefficients to determine correlations when 
appropriate. Strengths of correlations were defined as 
weak rsp=0.1–0.30, moderate rsp=0.31–0.60 and strong 
rsp=0.61–1.0; only moderate and strong correlations 
were presented and discussed. P values of ≤0.05 were 
considered statistically significant. Due to the hypothesis-
generating nature of the study, we did not correct for 
multiple comparisons.

RESULTS
Characteristics and disease variables in patients
Mean (SD) age of patients at follow-up was 25.2 (12.5) 
years and the mean disease duration 16.9 (10.6) years 
(table 1). According to the updated PRINTO criteria, 21 
(35.6%) had inactive disease and 38 (64.4%) had active 
disease (table 1). All the 10 (16.9%) patients who received 
prednisolone at follow-up were JDM-active (table  1). 
Patients had lower low-density lipoprotein-cholesterol, 
total cholesterol and high-density lipoprotein-cholesterol 
than controls, while triglyceride was higher in patients 
than controls (table 1). Further, both systolic/LAS% and 
diastolic/e’ function were reduced in patients versus 
controls (p≤0.01) (table  1). Lipodystrophy was found 
in 10 (16.9%) patients and none of the controls. VAT 
was measured in all study participants ≥18 years and 
was higher in patients compared with controls (p≤0.05) 
(table 1). There were no significant differences in total 
fat mass, VAT, cardiac function, or lipid levels between 
JDM-active and JDM-inactive patients.

Serum adipokine levels in study participants
Leptin levels were higher in JDM-total than controls 
(p≤0.05) (table 2). In JDM-active, visfatin and apelin-12 
were both higher compared with JDM-inactive (p≤0.05 and 
p≤0.01, respectively) (table  2). When stratifying JDM-
total according to the occurrence of lipodystrophy, 
patients with lipodystrophy had lower adiponectin levels 
compared with patients without (mean (SD) 2.4 µg/mL 
(2.8) vs 5.4 µg/mL (1.7); p≤0.01).

Correlations between adipokines and fat distribution 
variables in study participants
In JDM-total and JDM-active, adiponectin correlated 
moderately and negatively with the occurrence of lipodys-
trophy and with total fat mass (table 3). Also, there was a 
moderate and negative correlation between adiponectin 
and VAT in JDM-total and controls, and more strongly 
in JDM-active (table  3). Further, lipocalin-2 correlated 
moderately and positively with total fat mass in JDM-active 
and controls and with VAT in JDM-inactive (table  3). 
Resistin correlated moderately and positively with total 
fat mass in JDM-total and JDM-inactive (table  3). In 
JDM-inactive, both apelin-12 and visfatin correlated 
moderately and negatively with VAT. A similar correla-
tion between apelin-12 and VAT was found in controls 
(table 3). Leptin correlated strongly and positively with 
total fat mass in all groups (table 3).

Associations between adipokines and cardiac function in 
study participants
In JDM-total, we found both adiponectin and apelin-12 to 
correlate moderately and positively with LAS% (systolic 
function) (figure  1A,B). No correlations were found 
between LAS% and lipocalin-2 and resistin in neither 
JDM-total nor controls (figure 1C,D). When correlating 
adipokines with LAS% in JDM-active patients, we found 
moderate positive correlations with adiponectin and 
apelin-12, and moderate negative correlations with lipoca-
lin-2 and resistin (figure 1E,H). Also, in JDM-inactive, we 
found a moderate positive correlation between LAS% 
and adiponectin (figure 1E). In both JDM-total and JDM-
active, adiponectin correlated moderately and positively 
with e’ (diastolic function) (figure 2A,B).

DISCUSSION
Our study is the first to demonstrate associations of 
circulating adipokines with measures of adipose tissue 
distribution and cardiac function in JDM. After long-
term disease duration, patients with JDM had higher 
levels of leptin compared with controls, and in patients 
with JDM-active, apelin-12 and visfatin were higher 
compared with JDM-inactive disease. Lower levels of 
the anti-inflammatory adipokine adiponectin corre-
lated with unfavourable fat distribution including 
the presence of lipodystrophy, increased VAT and 
increased total fat mass in both JDM-total and JDM-
active. Higher adiponectin and apelin-12 exhibited 
potential cardioprotective properties in JDM, showing 
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positive correlations with cardiac systolic function. 
Adiponectin was also positively correlated with dias-
tolic function. In contrast, higher resistin and lipoca-
lin-2 correlated with impaired cardiac systolic func-
tion, only in the JDM-active group.

The obesity-related apelin-12 was higher in JDM-
active compared with JDM-inactive, although there 
were no significant differences in apelin-12 between 

JDM-total and controls. To our knowledge, this is the 
first time apelin-12 is studied in any autoimmune 
disease. Interestingly, under hypoxic conditions, 
cellular apelin-12 secretion increases and subsequently 
stimulates angiogenesis.29 30 Since vasculopathy with 
concomitant hypoxia is a hallmark of JDM,1 increased 
levels of apelin-12 in patients with active disease might 
be a consequence of this compensatory mechanism.

Table 1  Characteristics and disease variables in patients with JDM at follow-up and controls, and in patients with active and 
inactive disease

JDM-active
(n=38)

JDM-inactive
(n=21)

JDM-total
(n=50–59)

Controls
(n=50–59)

Characteristics and disease variables

Disease duration, years 15.9 (10.7) 18.6 (10.3) 16.9 (10.6) NA

Female, n 26 (68.4) 10 (47.6) 36 (61) 36 (61)

Age at FU, years 24.3 (13.2) 27.0 (11.2) 25.2 (12.5) 25.3 (12.5)

Weight, kg 60.6 (22.5) 66.3 (14.6) 62.6 (20.1) 65.6 (20.1)

Height, cm 162 (17) 170 (9)* 165 (15) 169 (16)

BMI, kg/m2 21.9 (5.1) 22.7 (4.5) 22.3 (4.8) 22.5 (4.5)

Prednisolone treatment at FU, n 10 (26) 0 10 (17) NA

Cumulative prednisolone at FU, g 11.1 (13.0) 8.8 (9.4) 10.3 (7.9) NA

DAS 6.14 (2.4) 2.1 (1.8)** 4.7 (2.9) NA

MDI total at FU 4.8 (3.1) 3.3 (2.8) 3 (2.6) NA

MMT-8 at FU 74.9 (5.4) 79.1 (1.1)** 76.4 (4.8) 79.7 (0.8)**

CMAS at FU 46.9 (6.2) 50.7 (2.0)** 48.3 (5.5) 51.2 (0.2)**

ESR, mm/hour 8.3 (6.5) 6.3 (4.9) 7.4 (6.2) 5.7 (4.7)

hs-CRP, mg/L 1.0 (0.1–8.5) 1.0 (0.1–19.8) 1.0 (0.1–19.8) 0.6 (0.12–20.7)

Glucose, mmol/L 5.0 (0.9) 5.3 (0.8) 5.1 (0.9) 4.9 (0.7)

Creatine kinase, U/L 52.6 (15.2) 61.1 (9.6)* 55.7 (14.0) 62.5 (15.1)**

Physical activity, hours/week 3.7 (1.1) 3.6 (1.5) 3.7 (1.3) 4.3 (1.4)

Lipids

Triglycerides, mmol/L 1.4 (1.0) 1.6 (1.9) 1.5 (1.4) 1.0 (0.5)*

LDL-cholesterol, mmol/L 2.3 (0.7) 2.3 (0.7) 2.3 (0.7) 2.7 (0.8)**

HDL-cholesterol in women, mmol/L 1.3 (0.2) 1.3 (0.3) 1.3 (0.3) 1.6 (0.4)**

HDL-cholesterol in men, mmol/L 0.9 (0.3) 1.1 (0.4) 1.0 (0.3) 1.3 (0.3)**

Total cholesterol, mmol/L 4.3 (0.8) 4.2 (0.9) 4.2 (0.8) 4.6 (0.9)**

Apolipoprotein(A), mg/L 325 (226) 329 (226) 326 (224) 365 (361)

Adipose tissue distribution

Lipodystrophy, n 7 (18) 3 (14) 10 (17) 0

Total fat mass, kg 19.4 (9.1) 19.4 (9.4) 19.4 (9.2) 18.0 (8.2)

VAT, g 565 (184–986)c 726 (162–1272)d 577 (178–1072)a 232 (72–751)*

Cardiac function

Long axis strain, % 16.7 (2.7) 16.4 (2.2) 16.6 (2.5) 17.7 (2.0)**

e’, cm/s 11.3 (2.8) 11.2 (2.5) 11.3 (2.7) 12.4 (2.1)**

Values are mean (SD) or median (IQR), and n (%).
HDL in women pair n=35, active n=25, HDL in men pair n=22, active n=11, LDL and total cholesterol active n=26, VAT a: n=38, b: n=35, c: n=23, d: 
n=15. Paired samples and independent samples were used to compare differences between patients and controls and between JDM-active and 
JDM-inactive, respectively. Χ2 was used to compare differences in categorical data.
*P≤0.05 and **p≤0.01 between study groups.
BMI, body mass index; CMAS, Childhood Myositis Assessment Scale; DAS, Disease Activity Score for JDM; e’, early diastolic tissue velocity; 
ESR, erythrocyte sedimentation rate; FU, follow-up; HDL, high-density lipoprotein; hs-CRP, high-sensitive C reactive protein; JDM, juvenile 
dermatomyositis; LDL, low-density lipoprotein; MDI, Myositis Damage Index; MMT-8, Manual Muscle Test 8; NA, not applicable; VAT, visceral 
adipose tissue.
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Higher levels of the proinflammatory visfatin were found 
in JDM-active than in JDM-inactive and higher levels of 
leptin found in JDM-total compared with controls. Both 
visfatin and leptin have been found increased in patients 

with IIM16 17 and in patients with rheumatoid arthritis 
(RA),18 31 all compared with controls. In mice, leptin defi-
ciency protects against development of various autoim-
mune diseases, including systemic lupus erythematosus 

Table 2  Adipokines in patients with JDM and controls, and in patients with active or inactive disease

JDM-active
(n=38)

JDM-inactive
(n=21)

JDM-total
(n=59)

Controls
(n=59)

Adiponectin* 5.0 (2.9) 4.7 (2.9) 4.9 (2.8) 5.8 (2.7)

Apelin-12 1.0 (0.5)* 0.7 (0.2) 0.9 (0.5) 0.9 (0.4)

Lipocalin-2 98.9 (34.5) 96.5 (40.3) 98.1 (36.3) 92.6 (40.0)

Leptin 17.5 (14.5) 12.9 (16.4) 15.8 (15.2) 9.9 (9.9)*

Resistin 13.6 (5.5) 13.0 (6.2) 13.4 (5.7) 12.6 (5.4)

Visfatin 6.6 (3.4)** 4.6 (1.6) 5.9 (3.0) 6.0 (2.6)

Values are ng/mL and mean (SD). Paired samples t-test and independent samples t-test were used to compare differences between patients and 
controls, and JDM-active and JDM-inactive patients, respectively.
*P≤0.05 and **p≤0.01 between JDM-active and JDM-inactive, and *p≤0.05 between patients and controls.
*Values are µg/mL.
JDM, juvenile dermatomyositis.

Table 3  Correlations between adipokines and fat measures in patients with JDM and controls, and in patients with active 
and inactive disease

JDM-active
(n=38)

JDM-inactive
(n=21)

JDM-total
(n=59) Controls (n=59)

Adiponectin

 � Lipodystrophy −0.40* −0.39 −0.39** NA

 � VAT −0.63** −0.49 −0.52** −0.43**

 � Total fat mass −0.56** −0.03 −0.38** −0.20

Lipocalin-2

 � Lipodystrophy −0.27 −0.24 −0.16 NA

 � VAT −0.17 0.33* 0.02 −0.08

 � Total fat mass 0.32* 0.00 0.24 0.35**

Resistin

 � Lipodystrophy −0.09 −0.27 −0.15 NA

 � VAT 0.10 −0.12 −0.02 −0.16

 � Total fat mass 0.30 0.52* 0.38** 0.19

Apelin-12

 � Lipodystrophy −0.01 −0.32 −0.05 NA

 � VAT −0.09 −0.43* −0.12 −0.36*

 � Total fat mass −0.15 0.07 −0.08 −0.23

Visfatin

 � Lipodystrophy −0.18 −0.26 −0.16 NA

 � VAT −0.03 −0.52* −0.09 −0.26

 � Total fat mass −0.05 −0.08 −0.06 −0.26*

Leptin

 � Lipodystrophy 0.05 −0.17 −0.02 NA

 � VAT 0.29 −0.04 0.24 0.27

 � Total fat mass 0.62** 0.69** 0.67** 0.59**

Lipodystrophy n=10, VAT n=15 and 23 in JDM-inactive and JDM-active, respectively. Values are Spearman’s or Pearson’s correlations as 
appropriate.
*P≤0.05 and **p≤0.01.
JDM, juvenile dermatomyositis; NA, not applicable; VAT, visceral adipose tissue.
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Figure 1  Correlations between systolic function and adipokines. (A–D) Correlations in all patients with juvenile 
dermatomyositis (JDM-total) compared with controls. (E–H) Correlations in patients with active compared with patients with 
inactive disease. (A and E) adiponectin, (B and F) apelin-12, (C and G) lipocalin-2 and (D and H) resistin. *P≤0.05, **p≤0.01. 
LAS, long-axis strain; rsp, Spearman’s correlation coefficient.
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and RA.32 Also, a positive correlation between leptin and 
C reactive protein (CRP) in non-obese healthy individ-
uals has been shown.33 Further, visfatin has been asso-
ciated with disease activity in patients with IIM,16 and 
might be involved in regulating angiogenesis in a non-
beneficial cardiovascular manner.34 Interestingly, the two 
adipokines have several immune-modulatory effects.34 
As such, visfatin and leptin might be involved in devel-
opment or maintaining inflammation and/or disease 
activity in JDM; however, we have no data to support this 
notion.

We found lower levels of the anti-inflammatory 
adiponectin to be associated with higher VAT, more 
total fat mass and the presence of lipodystrophy in JDM-
total, as well as in the JDM-active group. Also, the level 
of adiponectin was lower in patients with lipodystrophy 
than in patients without lipodystrophy. It is well estab-
lished that adiponectin decreases with visceral fat accu-
mulation.6 13 Importantly, lower adiponectin could also 
be a result of reduced adipose tissue mass as found in 
patients with generalised lipodystrophy,35 which might 
also be the case for the patients with JDM in our study.

Higher resistin correlated with increased total fat mass 
in JDM-total and in JDM-inactive. A positive correlation 
was found between resistin and measures of fat mass 
in younger obese subjects when looking at changes 
over time.36 Interestingly, studying human cells, obese 
adipocytes secreted more resistin compared with lean 
adipocytes and subsequently contributed to impaired 
myogenesis, especially in older muscle cells.7

Lipocalin-2 correlated moderately and visfatin nega-
tively with VAT in JDM-inactive. Lipocalin-2 has been 
found to correlate with both BMI and CRP in overweight 
to obese individuals,12 which indicates an involvement 
of lipocalin-2 in low-grade inflammation. Associations 
between visfatin and measures of adipose compartments 
are inconclusive.9 37 As such, we have no explanation for 
our finding in JDM.

As expected, leptin was associated with total fat mass 
in all patient subgroups as well as in controls. Leptin is 
secreted from subcutaneous fat cells, proportional with 
adipocyte growth,38 and has previously been shown to 
correlate with total fat mass, in both healthy adults10 and 
in patients with RA.18 39

Moving to cardiac function, both lower adiponectin and 
apelin-12 were associated with impaired systolic function 
(measured by LAS%) in all patient subgroups (but not 
controls and not significant for apelin-12 in JDM-inactive). 
Besides being upregulated in obesity and mostly associ-
ated with metabolic abnormalities in the general popu-
lation,29 there is evidence that apelin-12 is beneficial to 
cardiac function29 similar to higher adiponectin levels.40 41 
Improved systolic function correlated with higher levels 
of apelin-12 in patients with mild to severe heart failure42 
and with higher levels of adiponectin in patients with 
inflammatory cardiomyopathy.40 Also, in experimental 
studies, cardiomyocyte contraction improved after expo-
sure to both adipokines.43 44 Apelin-12 might provide 
increased angiogenesis as discussed earlier, also in the 
heart.

We found better diastolic function with higher levels 
of adiponectin in JDM-total and JDM-active. Similar to 
our findings, adiponectin was found independently and 
positively associated with diastolic function in the general 
population.41 Also, lower adiponectin has been found in 
both humans and rodents with myocarditis and impaired 
diastolic function.40 45 These data support a possible 
beneficial role for both adiponectin and apelin-12 upon 
cardiac function, which may also apply for patients with 
JDM.

In JDM-active, higher resistin and lipocalin-2 were 
associated with impaired systolic function. Interestingly, 
both resistin and lipocalin-2 seem to be involved with the 
severity of heart failure,46 47 indicating an involvement 
for both adipokines in cardiomyocytes. Experimental 
studies have shown that resistin impaired cardiomyocyte 

Figure 2  Correlations between diastolic function and adiponectin. (A) Correlations in all patients with juvenile dermatomyositis 
(JDM) compared with controls. (B) Correlations in patients with active versus inactive disease. *P≤0.05, **p≤0.01. e’, early 
diastolic tissue velocity; rsp, Spearman’s correlation coefficient.
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contraction in rats48 and that both resistin and lipo-
calin-2 induced cardiomyocyte hypertrophy,12 48 which 
is frequently found in systolic dysfunction. Importantly, 
there was no difference in systolic function between 
patients with active versus those with inactive disease in 
our cohort.22 The role for resistin and lipocalin-2 upon 
systolic function in active disease should be studied 
further.

Our results might suggest that in JDM assessed after 
long-term disease, adipokines are released from dysfunc-
tional adipose tissue as well as from other tissues affected 
by the disease. The increase in leptin might induce or 
maintain JDM due to an immune-modulatory mechanism 
besides the traditional leptin/obesity-related inflam-
matory effect. The novel finding of increased apelin-12 
and visfatin in JDM-active might be involved in angio-
genesis, which may have an impact on cardiac function. 
As such, it is important to keep in mind that in patients 
with unfavourable adipose tissue distribution, the adipo-
kine profile is presumably altered. The adipokine profile 
found in long-term JDM might be an added burden on 
the inflammatory state of the disease.

Strengths and limitations
The present study represents a longstanding JDM 
outcome study in which 95% of all identified and tracked 
patients with JDM participated. Thus, our results are 
less biased toward serious cases compared with other 
outcome studies.49 Our age-matched and sex-matched 
controls represent the general population as they were 
randomly drawn from the Norwegian population registry. 
There are some limitations to our study besides those 
earlier mentioned. Unfortunately, lipodystrophy was 
not further categorised into generalised, partial or focal 
based on the patient’s fat loss. Leptin is highly respon-
sive to food intake as it is a satiety hormone providing 
cross-talk between adipocytes and the satiety centre in 
the hypothalamus. For accurate measurements, blood 
sampling should have been done after an overnight fast. 
However, in our study, blood was drawn at approximately 
the same time point during the late morning. Also, being 
a cross-sectional study, no conclusions can be drawn as to 
the causal effect of the adipokines on cardiac function. 
Our study was performed some years ago and included 
patients who might not have been subjected to optimal 
treatment.

CONCLUSION
Our study demonstrates an imbalance in proinflamma-
tory and anti-inflammatory adipokines, which suggests 
adipocyte dysfunction in JDM after long-term disease. 
Further, the unfavourable adipose tissue distribution and 
subclinical cardiac dysfunction are associated with these 
imbalanced adipokine levels, especially in patients with 
active disease. The finding of increased apelin-12 and its 
association with systolic function in JDM-active patients 

is novel. The underlying mechanisms need to be further 
explored.
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