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Abstract
Objective
Metabolic syndrome (MetS) is a cluster of metabolic abnormalities that are associated with increased cardiovascular
diseases (CVD). MetS has been systematically evaluated in all systemic autoimmune rheumatic diseases except for
polymyositis (PM). This study aimed to evaluate the frequency of MetS in PM patients and analyse the possible
association of MetS with traditional risk factors of CVD and PM-related clinical and laboratory features.

Methods
The present cross-sectional, single-centre study included 35 consecutive PM patients (Bohan and Peter, 1975) and
70 healthy controls. MetS diagnosis was determined according to the National Cholesterol Education Program Adult
Treatment Panel III (NCEP ATPIII).

Results
The age, gender and ethnicity distributions between the PM and control groups were comparable (p>0.050). The median
PM disease duration was 5 years. Compared with healthy subjects, PM patients had higher prevalence of MetS (45.7% vs.
20.0%, p=0.011). In an additional univariate analysis of PM patients with (n=26) and without (n=19) MetS revealed that
patients with this complication were older (56.1+7.8 vs. 44 .3+12.8 years; p=0.002) with more cumulative prednisolone
doses, higher scores on the health assessment questionnaire and on the physician visual analogue scale (p<0.050).
Disease duration was comparable between both groups (p>0.050).

Conclusion
MetS and CVD risks are highly prevalent in PM. Monitoring for and early treatments of modifiable risk factors for
CVD in PM patients are necessary.
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Introduction

Polymyositis (PM) is a rare idiopathic
inflammatory myopathy characterised
by an insidious weakness of the sym-
metric proximal muscle that can lead to
disability and a poorer quality of life.
The annual incidence of polymyositis
is 2.2 to 7.7 cases per million individu-
als (1, 2). PM is twice as common in
women as in men, and it primarily af-
fects individuals between the ages of
45 and 55 (1-3).

Metabolic syndrome (MetS) is a clus-
ter of classical cardiovascular risk fac-
tors characterised by impaired glucose
tolerance, dyslipidaemia, central obe-
sity and arterial hypertension (4-6).
MetS affects 27%, 30% and 40% of
the Indian, European and United States
populations, respectively (6-8), and its
presence is a strong predictor of cardio-
vascular diseases (CVD), diabetes mel-
litus and stroke (4).

It has been postulated tthat the inflam-
matory process plays a major role in
the development and propagation of
CVD, which is associated with the dys-
regulation of lipid metabolism, as well
as conventional risk factors such as
arterial hypertension, high body mass
index, low physical activity and smok-
ing, which contribute to an increased
risk of CVD (8).

Studies have assessed MetS in systemic
rheumatoid diseases such as systemic
lupus erythematosus (6-8), rheumatoid
arthritis (8-11) and Sjogren’s syndrome
(12). In a recent study, we assessed the
high prevalence of MetS in dermato-
myositis (13).

Some studies (8, 9, 14, 15) report that
a high prevalence of MetS in these au-
toimmune diseases is a consequence
of systemic and chronic inflammation.
In systemic lupus erythematosus, for
instance, MetS is associated indepen-
dently with corticosteroid therapy, tri-
glyceride levels, hydroxychloroquine
sulfate, high-density lipoprotein-cho-
lesterol (HDL-C) levels, antiphospho-
lipid antibodies and C3 complement
serum levels (16, 17). In rheumatoid
arthritis, MetS is correlated with in-
flammatory markers and disease activ-
ity (8-11). In Sjogren’s syndrome, the
MetS components hypertriglyceridae-
mia and diabetes mellitus are related
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to a higher prevalence of vasculitis and
extraglandular features in the liver and
kidney (12). In dermatomyositis, we
showed that prior hypertension appears
to be a major determinant of the de-
velopment of MetS, while disease and
therapy-related factors do not appear to
play arole (13).

Because there have been no studies that
analyse MetS in PM, we herein assess
the frequency of MetS in PM patients
and analyse the possible association of
MetS with the traditional risk factors of
CVD and PM-related clinical and labo-
ratory features.

Materials and methods

Study design

The present cross-sectional study was
performed at one centre and included
35 consecutive PM patients and 70
healthy control individuals from June
2011 to May 2012. All of the patients
met all of the Bohan and Peter crite-
ria (18), and they were recruited from
the myopathies unit of our tertiary
service. Healthy individuals aged >18
years were included in the study; pa-
tients with cancer-associated myositis
or overlapping rheumatic diseases, as
well as pregnant or lactating women,
were excluded. The study was ap-
proved by the local ethics committee,
and all of the study participants signed
an informed consent form.

Patient data

All of the participants underwent a clin-

ical evaluation that included a standard-

ised interview, and all of their medical
charts were extensively reviewed. The
following data were collected:

a) Demographic data obtained: current
age, gender, ethnicity, household
income status, waist circumference
and body mass index (BMI: weight/
height® [kg/m?].

b) Clinical and laboratory data collect-
ed: the patient’s age at disease onset,
the disease duration, as well as the
serum levels of creatine kinase, aldo-
lase, alanine aminotransferase (ALT),
aspartate aminotransferase (AST),
lactate dehydrogenase, total choles-
terol, HDL-C, low-density choles-
terol (LDL-C), triglycerides, fast-
ing blood glucose and inflammation
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markers [C-protein reactive (CPR,
reference value: <5 mg/L) and the
erythrocyte sedimentation rate (ESR,
reference value: <19 mm/1% hour)].
c¢) Disease status: The patient’s disease
status was evaluated through the
application of questionnaires and
scores such as manual muscle testing
(MMT-8) (19), global assessment of
the disease by the physician and the
patient through the visual analogue
scale (VAS), and the health assess-
ment questionnaire (HAQ) (20).

d) Pharmacological therapy: immuno-
suppressants, corticosteroids, and
statins were recorded. When nec-
essary, the patient’s charts were re-
viewed to obtain drug history infor-
mation.

e) Comorbidities: information on ar-
terial hypertension, dyslipidaemia,
type 2 diabetes mellitus, hypothy-
roidism, myocardium infarction,
and ischaemic stroke was collected.
Dyslipidaemia was defined as hav-
ing a plasma total cholesterol >200
mg/dL, an HDL-C <40 mg/dL, an
LDL-C >130 mg/dL, triglycerides
>150 mg/dL or drug treatment for
an elevated LDL or TG (21).

f) Lifestyle: information regarding
tobacco use, alcohol use (defined
as having up to one drink/day for
women and up to two drinks/day for
men), sedentary lifestyle (22,23) and
food habit alteration was collected.

g) Family history of CVD: myocardial
infarction, angina, and sudden death
in first-degree relatives before the
age of 55 for men and before the age
of 65 for women were recorded.

Metabolic syndrome

MetS was diagnosed according to
the National Cholesterol Education
Program Adult Treatment Panel III
(NCEP-ATPIII) (24), which requires
the presence of three or more of the
following five criteria: (a) central obe-
sity (waist >102 cm in men and 88 cm
in women); (b) hypertriglyceridaemia
>150 mg/dL; (c) low HDL (<40 mg/dL
in men and <50 mg/dL in women); (d)
high blood pressure (=130/85 mmHg or
use of drugs for high blood pressure);
(e) high fasting glucose level (=110
mg/dL).

Table I. General characteristics of polymyositis patients and controls.

Polymyositis Control p-value
(n=35) (n=70)

Current age (years) 497 £12.2 487+95 0.699
Age at disease onset (years) 433 £12.8 - -
Female 27 (77.1) 54 (77.1) 1.000
White ethnicity 21 (60.0) 43 (614) 1.000
Disease duration 5 [3-11] - -
Body mass index (kg/m?) 27.5 [24.3-31.5] 26.0 [23.6-29.0] 0.355
Waist circumference (cm) 96.0 [87.0-106.0] 87.0 [79.0-97.0] 0.020
Prednisolone 17 (48.6) - -
Prednisolone >20 mg/day 129 - -
Antimalarial 129 - -
Acetylsalicylic acid 1 (29 1(14) 0.614
Immunosuppressive 20 (57.2) - -
Statin use 0 3 (4.3) 0.549
Family history of CVD 13 (37.1) 4 (5.7 <0.001
Systemic arterial hypertension 16 (45.7) 19 (27.1) 0.047
Diabetes mellitus 12 (34.3) 3 (43) <0.001
Ischaemic stroke 19 0 0.155
Dyslipidaemia 25 (714) 36 (514) 0.025
Myocardial infarction 1 9 1(1.4) 0.614
Hypothyroidism 5(5.7) 7 (10.0) 0.460
Alcohol consumption 0 129 0.313
Sedentarism 28 (80.0) 48 (68.6) 0.121
Tobacco 5 (14.3) 13 (17.1) 0.708
Fasting blood glucose (mg/dL) 91.0 [78.0-108.0] 81.0 [73.0-89.0] 0.003
Triglycerides (mg/dL) 149.0 [70.0-211.0] 99.0 [80.0-123.0] 0.011
Total cholesterol (mg/dL) 196.0 [168.0-227.0] 194.0 [174.0-210.0] 0.422
HDL cholesterol (mg/dL) 57.0 [47.0-72.0] 550 [48.0-66.0] 0.901
LDL cholesterol (mg/dL) 111.0 [90.0-131.0] 122.0 [90.0-129.0] 0.881
C-reactive protein (mg/L) 34 [1.1-74] 1.3 [0.7-2.5] 1.000
ESR (mm/1* hour) 12.0 [8.0-31.0] 6.0 [3.0-8.0] <0.001
Metabolic syndrome 16 (45.7) 14 (20.0) 0.011

The results are expressed as percentages (%), means + standard deviation or medians [interquartile].
Immunosuppressive drugs: azathioprine, methotrexate, cyclosporine, mofetil mycophenolate.

CVD: cardiovascular disease; ESR: erythrocyte sedimentation rate; HDL-C, high-density lipoprotein
cholesterol; LDL-C: low-density lipoprotein cholesterol.

Statistical analysis

The Kolmogorov-Smirnov test was
used to evaluate the distribution of
each parameter. The demographic and
clinical features are expressed as the
means and standard deviation (SD) for
continuous variables or as frequencies
and percentages for categorical varia-
bles. The median (25" — 75™ percentile)
was calculated for continuous variables
that were not normally distributed.
Comparisons between the patients and
the controls and between the patients
with and without MetS were performed
using Student’s f-test or the Mann-
Whitney test for continuous variables.
Pearson’s chi-squared test and Fisher’s
exact test were used to evaluate the cat-
egorical variables. The measurements
were expressed as odds ratios (ORs)
with 95% confidence intervals (CIs). A
value of p<0.050 was considered sig-
nificant. All of the analyses were per-
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formed using the SPSS 15.0 statistics
software (Chicago, USA).

Results

The present cross-sectional study in-
cluded 35 PM patients and 70 healthy
control individuals. The PM patients
and the control subjects had a com-
parable median age (p=0.699), female
gender frequency (p=1.000) and white
ethnicity count (p=1.000) (Table I).
The median disease duration was five
years [range: 3—11].

The body mass index was similar be-
tween the groups (p=0.355), but the
waist circumference (p=0.020) was
higher in the PM patients than in the
controls (Table I).

Seventeen (48.6%) PM patients were
using prednisolone, and one of these
patients was taking more than 20 mg/
day. Twenty (57.2%) PM patients were
using immunosuppressive drugs, and



one (2.9%) was taking an antimalar-
ial drug. No PM patients were taking
statins (Table I).

Higher frequencies of the following
CVD risk factors were found more
frequently in the patients than in the
controls: a family history of prema-
ture cardiovascular disease, systemic
arterial hypertension, diabetes mellitus
and dyslipidaemia (as shown in Table
I). However, no differences were ob-
served in the rates of ischaemic stroke,
myocardial infarction, hypothyroid-
ism, alcohol consumption, smoking or
sedentary lifestyle.

The blood fasting glucose levels, tri-
glyceride levels and ESR were higher
in the PM patients compared with the
control group (Table I), whereas the
CPR, HDL-C, total cholesterol and
LDL-C levels were similar between the
two groups.

According to the NCEP-ATPIII, MetS
was present in 45.7 and 20% of the PM
and control groups (p=0.011), respec-
tively.

A further analysis of the PM patients
with (n=16) and without MetS (n=19)
revealed that the patients with this com-
plication had higher ages (56.1+7.5 vs.
44 3+12.8, p=0.002), whereas the gen-
der and ethnicity distributions were
comparable between the two groups
(Table II).

The MetS patients also showed a
higher body mass index (p=0.027), a
larger waist circumference (p=0.015)
and higher current systemic arterial
hypertension (p=0.002), but did not
show these differences prior to the dis-
ease (p=0.105). The physician’s VAS
(»=0.037) and HAQ (p=0.001) were
higher in patients with MetS than in
patients without MetS in a univariate
analysis, whereas the patient’s VAS,
MMT-8 score, therapy schemes (type
and number of immunosuppressants:
azathioprine 2-3 mg/kg/day, methotrex-
ate <25 mg/week, cyclosporine 2-3 mg/
kg/day, mycophenolate mofetil 2-3 g/
day, antimalarial 3-4 mg/kg/day) and
non-steroidal anti-inflammatory drugs
were not. The current corticosteroid
dosage levels were also similar between
the two groups except for a higher prev-
alence of cumulative doses in the MetS
group (p=0.038). In addition, a fam-
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Table II. Demographics, disease status, comorbidities, clinical features and treatment of
polymyositis patients with and without metabolic syndrome.

MetS (+) (n=16) MetS (-) (n=19) p-value
Current age (years) 56.1+£738 443+128 0.002
Age at disease onset (years) 48.5+10.0 395+13.6 0.050
Female 17 (87.5) 10 (68.4) 0.244
White ethnicity 10 (52.6) 11 (68.7) 0.491
Disease duration (years) 53+49 52+58 0.925
Body mass index (kg/m?) 299+4.6 258+43 0.027
Waist circumference (cm) 102.5+139 894+ 134 0.015
VAS, patient (cm) 1.2 [0-6.5] 1 [0-2] 0.230
VAS, physician (cm) 2 [0-3] 0 [0-1] 0.037
MMT-8 73 [72-80] 80 [76-80] 0.071
HAQ 1.04 [0.43-1.93] 0 [0-0.48] 0.001
Prednisolone
Pulse therapy 2 (12.5) 3 (15.8) 1.000
Currently using 8 (50.0) 9 (474) 1.000
>20 mg/day 1 (53) 0 0.457
Cumulative dose (g) 230+15.8 21.8+104 0.038
Immunosuppressive
None 7 (43.8) 9 (47.1) 1.000
One* 7 (43.8) 8 (42.1) 1.000
Two 2 (12.5) 2 (10.5) 1.000
Antimalarial 1 (6.3) 3 (15.8) 0.608
Statins 0 0 1.000
Acetylsalicylic acid 1 (6.3) 0 0.457
Non-steroidal anti-inflammatory 1 (6.3) 0 0.457
Family history of premature CVD 8 (50.0) 5 (26.3) 0.179
Systemic arterial hypertension 12 (75.0) 4 (21.1) 0.002
Before disease onset™® 6 (37.5) 2 (10.5) 0.105
Diabetes mellitus 7 (43.8) 5 (26.3) 0.311
Before disease onset™* 3 (18.8) 1 (5.3) 0312
Ischaemic stroke 1 (6.3) 0 0.457
Dyslipidaemia 11 (68.8) 14 (73.7) 1.000
Myocardium infarction 1 (6.3) 0 0.457
Hypothyroidism 2 (12.5) 0 0.202
Alcohol consumption 0 0 1.000
Sedentarism 12 (75.0) 16 (84.2) 0.677
Tobacco 3 (18.8) 2 (10.5) 0.642
Food habit alteration 0 1 (5.3) 1.000

The results are expressed as percentages (%), means + standard deviation or medians [interquartile].
Immunosuppressive drugs: azathioprine, methotrexate, cyclosporine, mofetil mycophenolate.

CVD: cardiovascular disease; PM: polymyositis; HAQ: health assessment questionnaire; MetS: meta-
bolic syndrome; MMT: manual muscle test; VAS: visual analogue scale.

*Analysed drug by drug; **Before polymyositis symptoms.

ily history of premature CVD, diabetes
mellitus, ischaemic stroke, dyslipidae-
mia, myocardaium infarction, hypo-
thyroidism and sedentary lifestyle were
comparable between the two groups
(p>0.050).

All laboratory results for PM patients
with and without MetS were also simi-
lar with the exception of higher levels
of triglycerides (p=0.002) in patients
with MetS.

In a multivariate analysis, we did not
find any statistically significant asso-
ciations between MetS and the previ-
ous univariate parameters in PM pa-
tients.
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Discussion

The literature has mentioned a correla-
tion between MetS and risk factors for
premature CVD in systemic rheumat-
ic diseases (8-21, 24) but not in PM.
Thus, this is the first study that focuses
on MetS in a group of patients with
PM. Our results showed a high preva-
lence of MetS and CVD risk factors in
this disease.

We recently showed for the first time
that the MetS is highly prevalent in
DM, and prior hypertension appears
to be a major determinant of its devel-
opment, whereas disease and therapy-
related factors do not appear to play a
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Table III. Laboratory findings of polymyositis patients with and without metabolic

syndrome.
MetS (+) (n=16) MetS (-) (n=19) p-value

Creatine kinase (IU/L) 199.0 [127.0-405.0] 186.0 [103.0-918.0] 0.931
Aldolase (IU/L) 4.9 [3.6-6.8] 6.9 [3.7-9.1] 0.246
Dehydrogenase lactate (IU/L) 4368 £ 111.5 486.6 = 140.9 0.623
AST (IU/L) 250 [15.0-34.0] 23.0 [16.0-46.0] 0.402
ALT (IU/L) 25.0 [18.0-45.0] 23.0 [19.0-32.0] 0.954
Fasting blood glucose (mg/dL) 974 + 14.7 100.6 = 71.1 0.850
Triglycerides (mg/dL) 186.0 [148.0-252.0] 110.0 [69.0-145.0] 0.002
Total cholesterol (mg/dL) 193.0 [163.0-205.0] 208.0 [168.0-237.0] 0.354
HDL-C (mg/dL) 524+ 137 592+ 21.1 0.261
LDL-C (mg/dL) 107.0 [85.0-117.0] 123.0 [99.0-140.0] 0.146
ESR (mm/1* hour) 18.0 [11.0-29.0] 11.0 [8.0-36.0] 0.728
C-reactive protein (mg/L) 3.4 [1.0-10.6] 18.0 [11.0-29.0] 0.728

The results are expressed as means + standard deviation or medians [interquartile].
ALT: alanine aminotransferase; AST: aspartate aminotransferase; ESR: erythrocyte sedimentation
rate; HDL-C, high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; MetS:

metabolic syndrome; TG: triglycerides.

role (13). We found a high prevalence
of other CVD parameters in DM pa-
tients, such as a family history of CVD,
dyslipidaemia and defined-diabetes
mellitus (13). In the present study, the
percentages of these comorbidities
remained higher in PM patients com-
pared with controls, leading us to the
current discussion of whether these
risk factor parameters are common to
all idiopathic inflammatory myopathies
and are in conjunction with the under-
lying inflammatory process and a de-
creased functional capacity.

When PM patients with and without
MetS were compared, we observed (in
the univariate analysis) a higher age, a
higher age at the onset of disease, an
increased body mass index, and sys-
temic arterial hypertension prior to the
disease and to ESR, which were pre-
cisely the same parameters highlighted
in DM patients (13).

However, unlike in relation to the DM
patients (13), we found increased rates
in the physician’s HAQ and VAS in
those patients that had MetS in this
study. The disease activity may be an
important factor in this population,
which further emphasises the need for
early and aggressive treatment for this
group of patients.

In the multivariate analysis, we did not
find any association between MetS and
the previous parameters (age, age at the
onset of disease, body mass index, and
systemic arterial hypertension prior to

the disease and to ESR) with statistical
significance in PM patients, whereas in
the DM patients, only the prevalence
of prior arterial hypertension was in-
creased (13).

In untreated patients with DM, an al-
tered lipid level is a frequent disorder,
and CRP is an independent risk factor
for CVD characterised by abnormal
lipid and lipoprotein patterns that are
explained by an increase in TG and a
decrease in HDL-C (25). In the present
study, TG and ESR were higher in the
PM patients compared with the control
group. However, we found no differenc-
es in the analysis of CPR, HDL-C level,
total cholesterol or LDL-C between the
groups. This result may suggest a high
risk of atherosclerosis in myopathic pa-
tients, and increased inflammation may
be associated with marked changes in
lipid and lipoprotein metabolism.
Compared with other systemic rheu-
matic diseases, MetS prevalence in
PM was higher than that found in sys-
temic lupus erythematosus populations
(16.0-29.4%) (6-8) but comparable to
that found in rheumatoid arthritis and
DM studies (19-42%) (8, 11, 13, 26).
Particularly in rheumatoid arthritis, the
MetS prevalence ranges from 9.7% to
30.8% according to ethnicity and can
contribute also to carotid artery inti-
ma-media thickness and carotid artery
plaque (25).

The pathogenesis underlying the clus-
tering of CVD risk factors in MetS re-
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mains unclear. Although insulin resist-
ance has a central role, genetic predis-
position (instead of disease activity),
drug treatment (such as corticosteroid
therapy), as well as obesity and inflam-
mation, may be involved (27, 28) and
should be considered to treatment (24).
Moreover, the lipid profile may be in-
fluenced by weight, body mass index or
antimalarial drugs or statins. Similarly,
the exposure of PM patients to corticos-
teroid therapy is associated with MetS
(27,28). In the present study, there was
a significant difference in cumulative
prednisolone doses between the PM
patients with and without MetS.

PM must be regarded as a condition as-
sociated with CVD risk factors. This
risk must be due to both an increased
prevalence of traditional risk factors
and the inflammatory burden as hap-
pen in others systemic autoimmune
diseases (24). In the present study we
had relatively few CVD events, such
as stroke and myocardial infarction.
Nevertheless, such events require long-
er observation periods in cohort study
before they can be observed in a large
sample.

There are some limitations to the pre-
sent study. First, we had a small sam-
ple size which could limit the strength
of the results. Second, we selected our
patients with PM based on the Bohan
and Peter criteria (18) which show poor
specificity (29). Third, we analysed pa-
tients with chronic defined diseases,
and not patients at onset diseases and
without glucocorticoid / immunosup-
pressive therapy naive; although, in
general, PM can increase CVD risk
factors, lifestyle and drug therapies
can also contribute to the increase of
risk factors and must be considered in
medical practice. Fourth, we used the
NCEP-ATP-III definition for its easy
applicability to clinical practice be-
cause it does not require insulin and mi-
croalbuminuria assessments or the oral
glucose tolerance test that is required
for the diagnostic criteria suggested by
the World Health Organisation.

In summary, our data confirm an in-
creased frequency of MetS and a
higher prevalence of CVD risk fac-
tors in PM patients. Thus, monitoring
and early treatment of modifiable risk



factors for CVD (for example: dyslipi-
daemia, systemic arterial hypertension,
high fasting blood glucose) should be
achieved. Furthermore, the manage-
ment of these patients according to
international guidelines, with early
control of the disease activity status or
systemic inflammatory condition, with
the lowest dose for the shortest period
possible of corticosteroid use, is neces-
sary to decrease possible CVD morbid-
ity and subsequently mortality amongst
PM patients.
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