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Abstract

Background: Little is known so far on the lipid profile in polymyositis (PM) patients. Our aim is to identify lipid profiles in
untreated patients with early PM, to assess the association between lipid profiles and C-reactive protein (a sensitive marker
of inflammation) in these patients.

Methods and Findings: This work was conducted as a case-control study. Sixty untreated patients with PM and 60 age- and
sex-matched healthy controls were included. The duration of PM was less than six months, and none of them had received
intermittent or regular corticosteroids or disease-modifying antirheumatic drugs or biological agents prior to the study.
Triglyceride (TG), total cholesterol (TC), LDL-cholesterol (LDL-C), and HDL-cholesterol (HDL-C), and C-reactive protein (CRP)
were assessed using standard techniques. Thirty patients (50%) had a decreased level of HDL-C and 47% had an increased
level of TG. The levels of HDL-C, LDL-C, and TC in PM were significantly lower than in controls (P,0.001, P,0.01, P,0.001,
respectively). The level of TG was significantly higher in PM than in controls (P,0.001). The level of very low LDL-cholesterol
(VLDL-C), and the ratios of VLDL-C/LDL-C, TC/HDL-C, and LDL-C/HDL-C were significantly higher than in controls (all P,
0.001). Serum CRP levels correlated negatively with HDL-C (r=20.352, P= 0.006) and TC (r =20.262, P = 0.043). After
adjustment for age, gender, smoking, drinking, body mass index, and pulmonary fibrosis/infection, linear regression model
demonstrated that CRP is associated with HDL-C among PM patients (P= 0.028).

Conclusions: Dyslipidemia is a common feature in patients with PM that is characterized by a decrease in HDL-C and an
increase in TG, suggesting a high risk of atherosclerosis. The Inflammatory condition in PM may account for the metabolism
of HDL-C.
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Introduction

Altered lipid levels have been reported in patients with

autoimmune disorders [1–3]. For example, patients with active

untreated rheumatoid arthritis (RA) have reduced HDL-choles-

terol (HDL-C), total cholesterol (TC), and LDL-cholesterol (LDL-

C) [1]. Decreased HDL-C and raised triglyceride (TG) levels,

namely the ‘‘lupus pattern of dyslipoproteinemia’’, have also been

found in active patients with systemic lupus erythematosus (SLE),

where inflammation and disease activity may be related to the

changes of lipid levels [3]. These observations showed an

interaction between lipoproteins alteration (quantitatively and/or

qualitatively) and inflammatory metabolism, and furthermore,

suggested a close link between autoimmune disorders and

atherosclerosis, due to traditional and nontraditional risk factors

for cardiovascular diseases [1–3].

Previous studies have reported abnormal lipid profiles in

patients with dermatomyositis [4–6]. These results demonstrated

that dyslipidemia is a common feature in dermatomyositis patients

which is characterized by an increase in TG and a decrease in

HDL-C, suggesting a high risk of atherosclerosis in dermatomy-

ositis. Polymyositis (PM), together with dermatomyositis, belongs

to idiopathic inflammatory myositis, which represents a heteroge-

neous group of autoimmune systemic diseases characterized by

chronic muscle weakness and inflammatory cell infiltrates in

skeletal muscle [7]. Similarly, cardiovascular disease is also one of

the leading causes of death in PM [8]. In fact, the cardiovascular

risk in PM is increased in comparison the general population. For

example, Tisseverasinghe et al. found an increased incidence of

arterial events associated with hypertension (adjusted RR 2.6, 95%

CI 1.2–5.5) and lipid disorders (adjusted RR 2.6, 95% CI 1.0–6.5)

in dermatomyositis and PM from Canada administrative databas-

es [9]. Altered lipid level, such as increasing serum cholesterol/TG

levels, and low HDL-C, is closely associated with cardiovascular

disease in the general population and patients with autoimmune

disorders including PM [10]. However, the association between

lipid levels and cardiovascular disease risk in autoimmune
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disorders may be more complex than that in the general

population, because systemic inflammation, such as C-reactive

protein, may contribute to changes of lipid levels [10].

Until now, to our best knowledge, detailed investigations of

serum lipid profiles in patients with PM have not yet to be

performed. What is more, there is currently scarce information

regarding the role of acute phase reactants on lipid metabolism of

PM. Therefore, we conducted a case-control study to compare

lipid levels in untreated early PM patients with those in healthy

individuals, and to assess the relationship of the inflammatory

condition in early PM with lipid profiles.

Materials and Methods

The study was approved by the ethic committee of the Third

People’s Hospital of Chengdu. Written informed consent was

obtained from subjects enrolled.

This was a case-control study. We studied sixty PM patients

(mean age 6 SD 42.9612.5, range 18–70 years, 44F) referred to

the cardiology department of the No 3 Hospital of Chengdu and

the rheumatology department of West China Hospital between

September 2009 and February 2013. All patients were affected

PM according to the criteria of Bohan and Peter by skilled

clinicians [11], with a duration less than six months (mean time 6

SD 3.361.8, range 1–6 months). Sixty healthy individuals with

similar age and sex (mean age 6 SD 42.9611.7, range 19–68

years, 44 F) were recruited as a control group. Patients with

diseases that may cause secondary hyperlipidaemia including

chronic kidney disease, diabetes mellitus, nephritic syndrome,

hypothyroidism and obstructive liver disease, as well as other

connective tissue diseases, such as SLE, RA and mixed connective-

tissue disease, were excluded. In addition, none of the PM patients

had received intermittent or regular corticosteroids, disease-

modifying antirheumatic drugs or biologics before serum sam-

pling; and none of the PM patients had a history of heart diseases

or interventional management for cardiovascular diseases.

Patients who agreed to participate were scheduled for an

additional appointment. Information, such as general data,

physical examination, and blood sample, on each patient was

collected through face-to-face interviews conducted by trained

medical students or clinical doctors with a self-report question-

naire. Clinical information such as respiratory tiredness, myalgia,

muscle weakness, arthralgia, and dysphagia were collected

according to the description of patients, and myoedema was

confirmed by muscle biopsy. Body mass index (kg/m2) was

calculated as body weight (kilograms) divided by height (meters

squared). Patients were asked whether they had ever had habits of

smoking, and alcohol consumption. Smokers or drinkers were

defined as a subject who had been regularly smoking or drinking

for at least one year and was still smoking or drinking, whereas

nonsmokers or nondrinkers were defined as those who had not

[12]. In addition, High-resolution CT was used to assess lung

involvement. In the study, lung involvement included pulmonary

infection, pulmonary fibrosis, pulmonary tuberculosis, and pleural

effusion.

After an overnight fast, venous blood was taken in the morning

from all cases. The following laboratory parameters were assessed:

TG (normal range: 0.29–1.83 mmol/L), total cholesterol (TC)

(normal range: 2.8–5.7 mmol/L), LDL-cholesterol (LDL-C) (nor-

mal range: ,4.0 mmol/L), HDL-C (normal range: .0.9 mmol/

L), and C-reactive protein (CRP) (normal range: ,5.0 mg/L).

Non-HDL-cholesterol (Non-HDL-C) and VLDL-cholesterol

(VLDL-C) values were calculated according to the following

formulas: Non-HDL-C=TC - HDL-C; VLDL-C=TG/5. Ath-

erogenic index (TC/HDL-C ratio), VLDL-C/LDL-C, and LDL-

C/HDL-C ratio were calculated.

Statistical analysis was performed using SPSS 16.0 for Windows

(SPSS, Chicago, USA). Mean and standard deviation (S.D.) for

quantitative variables and number of patients (%) for categorical

variables were calculated. All quantitative variables are normally

distributed, and comparisons of them between two groups were

performed by two-tailed paired Student’s t-test. Corrections

between variables were analyzed using Pearson’s correlation test.

The association between CRP and HDL-C level was controlled for

age, gender, smoking, drinking, body mass index, and pulmonary

fibrosis/infection in a linear regression model. A p-value of less

than 0.05 (two-tailed) was considered statistically significant.

Results

The baseline characteristics of patients are outlined in Table 1.

The frequency of elevated TG, elevated TC, elevated LDL-C,

reduced HDL-C, and CRP positivity were 47%, 5%, 0%, 50%,

and 60%, respectively.

Table 2 shows the lipid profiles of PM patients and healthy

individuals. In PM patients, levels of TG, VLDL-C, total/HDL

cholesterol ratio, VLDL/LDL cholesterol ratio and LDL/HDL

cholesterol ratio were higher than those of healthy individuals (P,

0.001, 1.8960.81 mmol/L vs 1.3060.67 mmol/L; P,0.001,

0.3860.16 mmol/L vs 0.2660.13 mmol/L; P,0.001,

4.5461.20 vs 3.1860.89; P,0.001, 0.1860.10 vs 0.1060.05;

P,0.001, 2.6260.79 vs 1.8360.68, respectively), while HDL-C,

TC and LDL-C levels in PM patients were lower than those of

controls (P,0.001, 0.9360.27 mmol/L vs 1.5460.31 mmol/L;

P,0.001, 4.0560.94 mmol/L vs 4.7060.74 mmol/L, and P,

0.05, 2.3560.69 mmol/L vs 2.6960.72 mmol/L, respectively).

There were not significantly different for non-HDL-cholesterol

between the patients and the healthy individuals.

The correlations between lipid profiles and CRP in PM patients

have been seen in Table 3. Serum CRP levels correlated

negatively with HDL-C (r=20.352, P=0.006) and TC (r =2

0.262, P= 0.043).

We assessed the association between HDL-C and CRP in a

linear regression model (Table 4). After adjustment for age,

gender, smoking, drinking, body mass index, and pulmonary

fibrosis/infection, multiple linear regression models demonstrated

that CRP is associated with HDL-C among PM patients

(P = 0.028).

Discussion

In the present study, untreated patients with early PM showed a

frequent dyslipidaemia and had a more marked atherogenic lipid

profiles compared with the healthy individuals. These atherogenic

lipid profiles include decreased HDL-C, increased TG, VLDL-C,

total/HDL-C ratio, VLDL/LDL-C ratio, and LDL/HDL-C

ratio, which are thought to be risk factors for cardiovascular

diseases, contributing to accelerated atherosclerosis not only in the

general population, but also in SLE and RA [1,3]. In addition,

serum CRP, an independent risk factor for cardiovascular diseases

[10], has been found to be associated with HDL-C in the

population.

To our knowledge, it is the first study on serum lipid profiles in

untreated early PM patients. Recent studies focusing on lipid

profiles in dermatomyositis have addressed a pattern of dyslipide-

mia dyslipoproteinemia characterized by an increase in TG and a

decrease in HDL-C [4–6], which are also similar to those seen in

patients with metabolic syndrome and other autoimmune diseases.

Analogous to these studies, a consistent pattern of low HDL-C and
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raised TG levels has been seen in our patients compared with age-

and sex-matched controls, but it becomes more complex with

respect to TC and LDL-C levels. Some trials focusing on RA

showed significant elevations in these parameters relative to

controls but other do not [1]. In the present study, levels of TC

and LDL-C are significantly lower in patients with early PM than

controls. It is very interesting that the results are comparable to the

findings in severe, untreated, active RA [7]. For example, TC and

LDL-C levels often decline in patients with early active RA, as well

as in other pathologies/conditions associated with inflammation or

infection, such as severe meningococcal sepsis, trauma or cancer

[13–15], and these changes are also frequently in line with

Table 1. Clinical characteristic of untreated patients with early polymyositis and controls.

Clinical characteristic Patients (n=60) Controls (n =60)

Age (years) 42.9612.5 42.9611.7

F/M 44/16 44/16

Smoking (n, %) 6/60 (10) 7/60 (10)

Drinking (n, %) 5/60 (8.3) 6/60 (10)

Body mass index (kg/m2) 22.762.8 22.162.6

systolic pressure (mmHg) 117.1611.3 118.2610.5

diastolic pressure (mmHg) 75.766.2 74.967.5

Respiratory tiredness (n, %) 7/60 (12) 0/60 (0)

Myalgia (n, %) 45/60 (75) 0/60 (0)

Muscle weakness (n, %) 45/60 (75) 0/60 (0)

Myoedema (n, %) 13/60 (22) 0/60 (0)

Arthralgia (n, %) 22/60 (37) 0/60 (0)

Raynaud’s phenomenon (n, %) 9/60 (15) 0/60 (0)

Dysphagia (n, %) 6/60 (10) 0/60 (0)

Pulmonary fibrosis/infection (n,%) 29/60 (48) NA

Positive ANA (n, %) 44/60 (73) NA

Positive anti-Jo-1 antibody (n, %) 7/60 (12) NA

Elevated triglyceride (n, %) normal range: 0.29–1.83 mmol/L 28/60 (47) 12/60 (20)*

Elevated total cholesterol (n, %) normal range: 2.8–5.7 mmol/L 3/60 (5) 5/60 (8)

Elevated LDL-cholesterol (n, %) normal range: ,4.0 mmol/L 0/60 (0) 4/60 (7)

Reduced HDL-cholesterol (n, %) normal range: .0.9 mmol/L 30/60 (50) 0/60 (0)*

Positive CRP (n, %) normal range: ,5.0 mg/L 36/60 (60) 4/60 (7)*

CRP levels 11.6613.9 3.361.2*

F, female; M, male; CRP, C-reactive protein; HDL-C, high-density lipoprotein -cholesterol; LDL-C, low-density lipoprotein- cholesterol; NA, not available.
* P,0.05.
doi:10.1371/journal.pone.0089827.t001

Table 2. Lipid profiles in untreated patients with early
polymyositis and controls.

Patients
(n=60)

Controls
(n =60) P

Triglyceride (mmol / L) 1.8960.81 1.3060.67 ,0.001

Total cholesterol (mmol / L) 4.0560.94 4.7060.74 ,0.001

LDL-cholesterol (mmol / L) 2.3560.69 2.6960.72 ,0.01

HDL-cholesterol (mmol / L) 0.9360.27 1.5460.31 ,0.001

Non-HDL-cholesterol
(mmol / L)

3.1160.83 3.1660.82 NS

VLDL-cholesterol (mmol / L) 0.3860.16 0.2660.13 ,0.001

VLDL/LDL cholesterol ratio 0.1860.10 0.1060.05 ,0.001

Total/HDL cholesterol ratio 4.5461.20 3.1860.89 ,0.001

LDL/HDL cholesterol ratio 2.6260.79 1.8360.68 ,0.001

HDL-C, high-density lipoprotein -cholesterol; LDL-C, low-density lipoprotein-
cholesterol; NS, not significant; VLDL-C, very low LDL-cholesterol.
doi:10.1371/journal.pone.0089827.t002

Table 3. Correlation between CRP and lipid profiles among
untreated patients with early polymyositis.

CRP r p

TC 20.262 0.043

TG 20.070 0.593

LDL-c 20.179 0.171

HDL-c 20.352 0.006

Non-HDL 20.181 0.167

VLDL 20.069 0.601

TC/HDL-c 0.165 0.207

LDL-c/HDL-c 0.199 0.128

VLDL-c/LDL-c 0.027 0.836

HDL-C, high-density lipoprotein -cholesterol; LDL-C, low-density lipoprotein-
cholesterol; NS, not significant; VLDL-C, very low LDL-cholesterol.
doi:10.1371/journal.pone.0089827.t003
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inflammatory marker elevations including CRP. Similarly, there is

a negative correlation between TC and CRP in our study.

Therefore, TC and LDL-C levels appear normal or even low in

these patients possibly due to different inflammatory condition

and/or stages of disease. Although the exact mechanisms remain

unclear, cytokine-induced activation of the reticuloendothelial

system may be potentially critical to such changes [7], as recent

studies in activated macrophages have shown that the activation of

reticuloendothelial system usually occurs with inflammation and

lowers LDL-C [16]. It is noted that low TC level is often

associated with increased death, which may suggest a poor

prognosis in these patients [17]. In addition, we found an

unfavorable atherogenic index (TC/HDL cholesterol ratio) similar

to findings in RA. This ratio is more stable than the different

individual lipid profiles including TC, LDL-C and HDL-C, and it

does not change dramatically with treatments in many autoim-

mune diseases [7].

In the present study, we found a close association between CRP

and HDL-C after controlling for age, gender, smoking, drinking,

body mass index and pulmonary fibrosis/infection. In fact, low

HDL-C in autoimmune diseases including RA often negatively

correlated with acute phase reactants including CRP and

erythrocyte sedimentation rate, and further results also showed

that these acute phase reactants are at least partially responsible

for the presence of low HDL-C in RA [18]. The precise

mechanisms remain to be established, however, inflammatory

cytokines and acute phase reactants may act in adipose tissue,

skeletal muscle and the liver to promote metabolic changes that

result in lipoproteins abnormalities [19]. A number of enhanced

productions of other acute phase reactants, such as tumor necrosis

factor-alpha (TNF-alpha), interleukin-1 (IL-1) and IL-6, may also

play an important role in lipoproteins alteration in untreated

patients in early PM, as well as in other diseases [20,21]. On the

other hand, anti-inflammatory therapy may lead to increases, not

only levels of HDL-C, but also TC, LDL-C and, perhaps, TG.

There are also increasing data showing that lipid-lowering therapy

positively impacts inflammation [22,23], suggesting an interaction

between lipid profiles and inflammation in autoimmune diseases.

Inflammation may be the driving force of dyslipidemia, and it

might be that normalizes during corticosteroids administration.

However, it’s should be noted on one hand corticosteroids can

reduce inflammation; on the other hand they have cardiovascular

adverse events.

Other mechanisms may be proposed to explain the altered lipid

levels in PM. For example, lipoprotein lipase (LPL), a key enzyme

in lipid metabolism, can influence the lipid profiles and induce

lipid peroxidation, resulting in enhanced clearance of HDL-C and

reduced levels of HDL-C [24]. Therefore, patients with impaired

activity of LPL might have relatively low HDL levels, as well as

high TG, high VLDL, and low LDL levels, similar to the results

observed in our populations. In fact, a higher VLDL-C/LDL-C

ratio often suggests the impaired activity of LPL [25]. In the

present study, there is a higher VLDL-C/LDL-C ratio compared

with healthy individuals (0.1860.10 vs. 0.1060.05), suggesting

LPL activity may be impaired in patients with PM. Other

mechanisms, such as immobilization, and disease-specific anti-

bodies, may also be involved.

The current study has some limitations that deserve a mention.

Firstly, the sample of PM patients was relatively small. However,

as differences between PM patients and controls for the outcome

measures were generally large with limited variability, even small

differences were detectable within the bounds of statistical

significance. Secondly, PM might be an overdiagnosed entity

[26–28]. However, the criteria of Bohan/Peter, as a clinical

standard, is widely used in the world. Thirdly, pulmonary

infections in several PM patients could be contributing to elevated

CRP levels as a confounder, however, the result remained

unchanged when we controlled for the pulmonary infections in

linear regression model.

In the current study, untreated patients with early PM may have

reduced HDL-C and raised TG levels, and often have an

unfavorable atherogenic index, suggesting a high risk of athero-

sclerosis and cardiovascular diseases. In the early stage of PM, TC

and LDL-C levels are also low in untreated PM patients and TC

levels inversely correlated with CRP. Therefore, physicians should

be aware of that the higher risk of cardiovascular diseases may

have already presented in patients at the time of initial diagnosis of

PM. However, more research is needed including association

between these lipid profiles and cardiovascular endpoints in PM.
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14. Vermont CL, den Brinker M, Kâkeci N, de Kleijn ED, de Rijke YB, et al. (2005)
Serum lipids and disease severity in children with severe meningococcal sepsis.

Crit Care Med 33: 1610–1615.

15. Alexopoulos CG, Pournaras S, Vaslamatzis M, Avgerinos A, Raptis S (1992)
Changes in serum lipids and lipoproteins in cancer patients during chemother-

apy. Cancer Chemother Pharmacol 30: 412–416.
16. Kruth HS, Jones NL, Huang W, Zhao B, Ishii I, et al. (2005) Macropinocytosis is

the endocytic pathway that mediates macrophage foam cell formation with
native low density lipoprotein. J Biol Chem 280: 2352–2360.

17. SoRelle R (2001) Death rate higher in elderly with low cholesterol. Circulation

104: E9011–E9013.
18. Dessein PH, Stanwix AE, Joffe BI (2002) Cardiovascular risk in rheumatoid

arthritis versus osteoarthritis: acute phase response related decreased insulin
sensitivity and high-density lipoprotein cholesterol as well as clustering of

metabolic syndrome features in rheumatoid arthritis. Arthritis Res 4: R5.

19. Khovidhunkit W, Kim MS, Memon RA, Shigenaga JK, Moser AH, et al. (2004)
Effects of infection and inflammation on lipid and lipoprotein metabolism:

mechanisms and consequences to the host. J Lipid Res 45: 1169–1196.

20. Chait A, Han CY, Oram JF, Heinecke JW (2005) Thematic review series: The

immune system and atherogenesis. Lipoprotein-associated inflammatory pro-
teins: markers or mediators of cardiovascular disease? J Lipid Res 46: 389–403.

21. Khovidhunkit W, Memon RA, Feingold KR, Grunfeld C (2000) Infection and

inflammation-induced proatherogenic changes of lipoproteins. J Infect Dis 181
Suppl 3: S462–S472.

22. McCarey DW, McInnes IB, Madhok R, Hampson R, Scherbakov O, et al.
(2004) Trial of atorvastatin in rheumatoid arthritis (TARA): double-blind,

randomised placebo-con-trolled trial. Lancet 363: 2015–2021.

23. Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM Jr, et al. (2008)
Rosuvastatin to prevent vascular events in men and women with elevated C-

reactive protein. N Engl J Med 359: 2195–2207.
24. Delgado AJ, Kumar S, Isenberg DA (2003) Cross-reactivity between anti-

cardiolipin, anti-high-density lipoprotein and anti-apolipoprotein A-I IgG
antibodies in patients with systemic lupus erythematosus and primary

antiphospholipid syndrome. Rheumatology 42: 893–899.

25. Borba EF, Bonfa E, Vinagre CG, Ramires JA, Maranhao RC (2000)
Chylomicron metabolism is markedly altered in systemic lupus erythematosus.

Arthritis Rheum 43: 1033–1040.
26. van der Meulen MF, Bronner IM, Hoogendijk JE, Burger H, van Venrooij WJ,

et al. (2003) Polymyositis: an overdiagnosed entity. Neurology 61: 316–321.

27. Hengstman GJ, van Engelen BG (2004) Polymyositis: an overdiagnosed entity.
Neurology 63: 402.

28. Bradley WG (2004) Polymyositis: an overdiagnosed entity. Neurology 63: 402.

Lipoproteins in Polymyositis

PLOS ONE | www.plosone.org 5 February 2014 | Volume 9 | Issue 2 | e89827


