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ORIGINAL INVESTIGATION

Impact of long-term steroid therapy 
on epicardial and pericardial fat deposition: a 
cardiac MRI study
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Abstract 

Background: Increased cardiac fat has been identified as a risk factor for coronary artery disease. Metabolic syn-
drome is associated with increased cardiac fat deposition. Steroids are known to imitate some effects of metabolic 
syndrome and are frequently used in patients with rheumatic disorders. Primary aim was to evaluate the impact of 
long-term steroid use on cardiac fat deposition in patients with rheumatic disorders. In addition, we sought to investi-
gate if this effect might be dose-dependent.

Methods: Patients were enrolled as follows: (1) rheumatic disorder; and (2) long-term steroid therapy, and (3) under-
went cardiovascular magnetic resonance (CMR) imaging. Patients were stratified in a high-dose (>7.5 mg prednisone 
equivalent/day for at least 6 months) and a low-dose steroid group (<7.5 mg prednisone equivalent/day) and com-
pared to steroid-naïve controls without rheumatic disorders.

Results: 122 patients were included (n = 61 steroid patients, n = 61 controls). N = 36 were classified as high-dose, 
n = 25 as low-dose steroid group. Steroid patients showed larger epicardial 5.7 [3.5–9.1] cm2 and pericardial 13.0 
[6.1–26.8] cm2 areas of fat than controls 4.2 [1.3–5.8] cm2/6.4 [1.6–15.4] cm2, p < 0.001, p < 0.01, respectively. High-
dose steroid patients had more epi- and pericardial fat both than controls: 7.2 [4.2–11.1] cm2 vs. 4.4 [1.0-6.0] cm2, 
p < 0.001; 18.6 [8.9–38.2] cm2 vs. 10.7 [4.7–26.8] cm2, p < 0.05, and patients in the low-dose steroid group (p < 0.01, 
p < 0.001, respectively).

Conclusion: The present data suggest increased cardiac fat deposition in steroid-treated patients with rheumatic 
disorders. Furthermore, this accumulation of cardiac fat seems to be dose-dependent, pointing towards a cumulative 
effect of steroids.
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Background
Coronary artery disease (CAD) is the leading cause of 
death in the western world [1]. Current clinical practice 
guidelines recommend strict control of established cardi-
ovascular risk factors such as diabetes, arterial hyperten-
sion, obesity and dyslipidemia [2]. Beside these traditional 
cardiovascular risk factors, there is growing interest in 

new potential cardiovascular risk factors, which may help 
improving patients’ treatment and/or prognosis. One of 
these potential new risk factors is cardiac adipose tissue, 
since recent studies reported that increased cardiac adi-
pose tissue in the setting of metabolic syndrome [3] (and 
in particular accumulation of epicardial adipose tissue) is 
associated with the presence of coronary artery disease 
[4–6], as well as with cardiovascular adverse events [7, 8].

Steroid medication is known to imitate many effects 
of the metabolic syndrome [9]. However, the impact of a 
long-term steroid therapy on myocardial adipose tissue 
deposition in a clinical setting has not been investigated 
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so far. This is of special interest in the large group of 
patients with different rheumatic disorders, since these 
patients are often dependent on the long-term use of 
steroids.

Thus, our primary aim was to evaluate the impact 
of long-term steroid therapy on cardiac fat deposi-
tion in patients with rheumatic disorders. In addi-
tion, we sought to investigate if this effect might be 
dose-dependent.

Methods
Patient population
Sixty-one consecutive patients presenting at our institu-
tion between October 2012 and November 2013 were 
prospectively enrolled if they fulfilled the following crite-
ria: (1) underlying rheumatic disorder; and (2) long-term 
steroid medication; and (3) successfully underwent cardi-
ovascular magnetic resonance (CMR) imaging. Patients´ 
medical history was reviewed in detail regarding dosage 
and duration of steroid therapy, and clustered in a high-
dose and a low-dose steroid group (definitions see below). 
Exclusion criteria were contraindications for CMR (e.g. 
pregnancy, pacemaker/implantable cardioverter defibril-
lator (ICD), glomerular filtration rate  <30  ml/min., pre-
vious adverse reactions to gadolinium, cochlea implant). 
Patients gave written informed consent according to the 
Declaration of Helsinki prior to inclusion in the study. 
The data collection and the study have been approved 
by the ethics committee of the University of Tübingen 
(527/2012B02).

Control group
Sixty-one age-, sex-, and body mass index (BMI) matched 
patients with no rheumatic disorder, and who never had 
been on steroids served as control group. Due to the 
paired matched character of the control group, these 
controls were further divided in two groups to match (1) 
the high-dose steroid group, and (2) the low-dose steroid 
group. Baseline characteristics of the patients with ster-
oid therapy and the paired matched control groups can 
be viewed in Table 1.

CMR protocol
Electrocardiogram (ECG) gated CMR imaging was per-
formed in breath-hold using a 1.5T Aera (Siemens-
Healthcare, Germany) in line with recommendations 
of the Society of Cardiac Magnetic Resonance (SCMR) 
and the European Society of Cardiology (ESC) Work-
ing Group EuroCMR, respectively [10]. Cine short axis 
CMR images were prescribed every 10 mm (slice thick-
ness 6  mm) from base to apex. In-plane resolution was 
typically 1.2 × 1.8 mm. Cine CMR was performed using a 
steady-state–free-precession-sequence.

CMR analysis
Scans were analyzed by consensus of two experienced 
observers, who were blinded to patient identity and clini-
cal information.

Cine images were evaluated as described previously 
[11]. In brief, endocardial and epicardial borders were 
outlined on the short axis cine images. Volumes and ejec-
tion fraction were derived by summation of epicardial 
and endocardial contours.

A single cine four-chamber view of each patient was 
used for quantification (in cm2) of epicardial and peri-
cardial fat layer (definitions see below), as described else-
where [3, 12]. In brief, after careful examination of all 
phases of the cine four-chamber view image, epicardial 
and pericardial fat layers were outlined in the end-dias-
tolic image with commercially available Siemens Argus 
software (Siemens-Healthcare, Germany), also see Fig. 1. 
Intra- and inter-observer variability was evaluated in 30 
patients (15 steroid-treated patients, 15 steroid-naïve 
controls) on separate occasions.

Definitions and variables
High-dose steroid group: Patients with an intake 
of  >7.5  mg prednisone equivalent per day (Cushing 
threshold) for at least 6 months before CMR exam [13].

Low-dose steroid group: Patients with an intake 
of  <7.5  mg prednisone equivalent per day for at least 
6 months before CMR exam [13].

Long-term steroid use: Use of prednisone (or equiva-
lent) daily, minimum during the past 6  months before 
CMR exam [13].

All glucocorticoid preparations were calculated to 
prednisone equivalent doses as described elsewhere [14].

Epicardial fat: Adipose tissue layer located between the 
myocardium and the visceral pericardium [3].

Pericardial fat: Intrathoracic adipose tissue located out-
side the parietal pericardium [12].

Body mass index (BMI): Weight (in kilograms) divided 
by the square of the height (in meters).

CAD: recognized or unrecognized myocardial infarc-
tion, or CAD with >20 % luminal diameter stenosis in at 
least one major coronary artery or its branches [15].

Arterial hypertension: Systolic blood pressure above 
140 mmHg, diastolic blood pressure above 90 mmHg, or 
antihypertensive treatment [8].

Diabetes: Fasting plasma glucose level of ≥126  mg/dl 
or treatment with either insulin or a hypoglycemic agent.

Hypercholesterolemia: Total cholesterol level >200 mg/
dl or use of cholesterol-lowering medication.

Smoker: Current or ever smokers.
Family history of CAD: Symptomatic CAD in a male 

first-degree relative before age 55, or a female first-degree 
relative before age 65 [16].
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Metabolic syndrome: Patients had to fulfill the crite-
ria of the International Diabetes Federation, which were 
described in detail previously [17].

Statistical analysis
All continuous variables were tested for normality using 
the Kolmogorov–Smirnov test. Normally distributed 
continuous variables were expressed as means (with 
standard deviation) and skewed variables were presented 
as medians (with quartiles). Comparisons between 
groups were made using the Mann–Whitney U test or 

the Fisher’s exact test, as appropriate. Comparisons 
between paired groups were made using the Wilcoxon 
test. Intra- and inter-observer variability was assessed 
via intra-class correlation coefficients (ICC). Absolute 
agreement ICCs were calculated by a two-way mixed 
model for single measures. P values (two-tailed) of <0.05 
were considered significant. All statistical analyses were 
performed using the GraphPad Prism statistical software 
package (GraphPad, San Diego, CA, USA) and SPSS Sta-
tistics version 23 (IBM Corporation, Armonk, NY, USA), 
respectively.

Table 1 Baseline patient characteristics

Values are mean ± SD, median [IQR], n (%)

BMI body mass index, LVEF left ventricular ejection fraction, LVEDV left ventricular end-diastolic volume, LVESV left ventricular end-systolic volume, CAD coronary 
artery disease, LDL low-density lipoprotein, HDL high-density lipoprotein, ANCA anti-neutrophil cytoplasmic antibody, RA rheumatoid arthritis
a ANCA pos. vasculitis: granulomatosis with polyangiitis, eosinophilic granulomatosis with polyangiitis, microscopic polyangiitis
b Other vasculitis: IgA vasculitis, Kawasaki disease, Takayasu’s Arteritis, giant cell arteritis
c Collagenosis: systemic lupus erythematosus, overlap syndrome, systemic sclerosis, sjogrens syndrome
d Others: Behçet’s disease, sarcoidosis

Variable Steroid-treated patients Steroid-naïve controls p

n 61 61 –

Age (years) 54 ± 16 54 ± 16 –

Female 43 (70.5) 43 (70.5) –

BMI, kg/m2 27 ± 6 27 ± 6 –

LVEF, % 62 [60–67] 66 [59–69] 0.16

LVEDV, ml 121 [108–136] 117 [102–140] 0.99

LVESV, ml 44 [35–56] 42 [33–5] 0.74

Epicardial fat, cm2 5.7 [3.5–9.1] 4.2 [1.3–5.8] <0.001

Pericardial fat, cm2 13.0 [6.1–26.8] 6.4 [1.6–15.4] <0.01

CAD 9 (14.8) 0 <0.01

Arterial hypertension 33 (54.1) 23 (37.7) 0.10

Systolic blood pressure, mmHg 127 ± 20 118 ± 16 <0.05

Diastolic blood pressure, mmHg 74 ± 10 71 ± 8 0.18

Diabetes 10 (16.4) 1 (0.2) <0.01

Hypercholesterolemia 10 (16.4) 13 (21.3) 0.44

Total cholesterol, mmol/l 5.34 ± 1.24 5.18 ± 0.95 0.32

LDL cholesterol, mmol/l 3.26 ± 1.02 3.07 ± 0.95 0.41

HDL cholesterol, mmol/l 1.51 ± 0.49 1.43 ± 0.52 0.51

Triglycerides, mmol/l 4.56 ± 3.38 3.56 ± 1.77 0.05

Smoker 12 (19.7) 14 (23.0) 0.83

Family history of CAD 27 (44.3) 13 (21.3) <0.05

Duration steroid therapy, months 30 [8–93] – –

Daily steroid dose at inclusion, mg 10 [5–30] – –

Metabolic syndrome 2 (3.2) 0 0.50

ANCA pos. vasculitisa 21 (34.4) – –

Other vasculitisb 6 (9.8) – –

Collagenosisc 20 (32.8) – –

RA 10 (16.4) – –

Sarcoidosis 2 (3.3) – –

Othersd 2 (3.3) – –
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Results
Patient population
In total 122 patients were included in the final analy-
sis: n = 61 patients received long-term steroid therapy 
due to underlying rheumatic disorder, n =  61 patients 
served as an age, gender and BMI-matched ster-
oid-naïve control group. At inclusion, patients were 
54 ± 16 years of age, predominantly female (71 %), with 
a mean BMI of 27 ± 6 kg/m2. Median disease duration 
was 4.7 [0.8–8.2] years. Functional CMR parameters did 
not differ significantly between both groups. However, 
patients on steroid therapy showed larger epicardial 
5.7 [3.5–9.1] cm2, as well as pericardial 13.0 [6.1–26.8] 
cm2 fat areas compared to paired matched controls (4.2 
[1.3–5.8] cm2/6.4 [1.6–15.4] cm2, p  <  0.001, p  <  0.01, 
respectively). Additional clinical characteristics can be 
viewed in Table 1.

In the steroid group, duration of steroid therapy 
was 30 [8–93] months with a median daily prednisone 
dose at inclusion of 10 [5–30] mg. Of note, the preva-
lence of metabolic syndrome did not differ signifi-
cantly between the steroid group and controls; two out 
of 61 patients in the steroid group fulfilled criteria of 
metabolic syndrome, no patient in the control group, 
p = 0.5.

The majority of steroid-treated patients presented with 
ANCA positive vasculitis (34  %), followed by patients 
with collagenosis (33  %), and patients with rheumatoid 
arthritis (16 %).

Low-dose steroid group vs. high-dose steroid group
Clinical data of the steroid population divided in low-
dose and high-dose steroid groups are displayed in 
Table 2. Twenty-five (out of 61) patients were in the low-
dose steroid group, 36 (out of 61) patients were in the 
high-dose steroid group. BMI was higher in the high-dose 
steroid (28 ± 6 kg/m2) compared to the low-dose steroid 
group (25 ± 5 kg/m2, p < 0.05). Functional CMR param-
eters were similar between both groups. More patients in 
the high-dose steroid group (n = 7) had prevalent CAD 
than in the low-dose steroid group (n  =  2; p  =  0.29). 
Traditional cardiovascular risk factors did not differ sig-
nificantly between both groups. Metabolic syndrome was 
present in two patients of the high-dose steroid group, no 
patient in the low-dose steroid group fulfilled criteria of 
metabolic syndrome, p = 0.51.

Epicardial and pericardial fat
Focusing on patients with high-dose steroid therapy 
(>7.5  mg prednisone equivalent daily during the past 
6  months) revealed, that those patients had signifi-
cantly more epicardial fat compared to matched steroid-
naïve controls: 7.2 [4.2-11.1] cm2 vs. 4.4 [1.0–6.0] cm2, 
p  <  0.001. Furthermore, patients on high-dose steroid 
therapy also had significantly more epicardial fat com-
pared to patients on low-dose steroid therapy (<7.5  mg 
prednisone equivalent daily during the past 6  months): 
7.2 [4.3–11] cm2 vs. 4.7 [2.1–7.5] cm2, p < 0.01, see Fig. 2.

Among patients on high-dose steroid therapy, CMR 
revealed significantly more pericardial fat compared 
to steroid-naïve controls: 18.6 [8.9–38.2] cm2 vs. 10.7 
[4.7–26.8] cm2, p < 0.05. Additionally, patients on high-
dose steroid therapy had significantly more pericardial fat 
compared to patients on low-dose steroid therapy: 18.6 
[8.9–38.2] cm2 vs. 8.3 [2.3–18.7] cm2, p < 0.001.

No significant differences in epicardial and pericardial 
fat deposition could be detected between patients on 
low-dose steroid therapy and paired matched controls, 
see also Fig. 2.

Intra-observer reproducibility was high with an ICC of 
0.97 for epicardial fat and 0.98 for pericardial fat assess-
ment, respectively. Inter-observer reproducibility showed 
an ICC of 0.95 for epicardial and 0.96 for pericardial fat, 
respectively.

Cardiac fat and BMI
We found a correlation between epicardial and pericar-
dial fat and the BMI of patients in the steroid group, see 
Fig. 3. This holds also true for epicardial fat and BMI in 
the high-dose steroid group (p  <  0.001), as well as for 
pericardial fat in the low-dose steroid group, p  <  0.05. 
Furthermore, statistical analysis revealed a trend for peri-
cardial fat in the high-dose steroid group to be related to 

Fig. 1 Determination of epicardial and pericardial adipose tissue: Epi-
cardial (shown in red) and pericardial (shown in blue) contours were 
drawn in the end-diastolic image in a CMR 4-chamber view
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Table 2 Clinical data of steroid population

Values are mean ± SD, median [IQR], n (%); abbreviations see Table 1

Variable Low-dose steroid group High-dose steroid group p

n 25 36 –

Age (years ± SD) 52 ± 19 55 ± 14 0.60

Female 18 (72.0) 25 (69.4) –

BMI, kg/m2 25 ± 5 28 ± 6 <0.05

LVEF,  % 62 [61–71] 62 [56–65] 0.19

LVEDV, ml 120 [100–136] 121 [108–137] 0.64

LVESV, ml 42 [30–56] 45 [37–57] 0.22

Epicardial fat, cm2 4.7 [2.1–7.5] 7.2 [4.2–11.1] <0.01

Pericardial fat, cm2 8.3 [2.3–18.7] 18.6 [8.9–38.2] <0.001

CAD 2/25 (8.0) 7/36 (19.4) 0.29

Arterial hypertension 11 (44.0) 22 (61.1) 0.09

Systolic blood pressure, mmHg 123 ± 16 128 ± 21 0.23

Diastolic blood pressure, mmHg 74 ± 9 73 ± 10 0.81

Diabetes 3 (12.0) 7 (19.4) 0.51

Hypercholesterolemia 2 (8.0) 8 (22.2) 0.18

Total cholesterol, mmol/l 5.2 ± 3.12 5.37 ± 1.19 0.64

LDL cholesterol, mmol/l 3.2 ± 1.11 3.25 ± 0.98 0.88

HDL cholesterol, mmol/l 1.48 ± 0.52 1.52 ± 0.48 0.77

Triglycerides, mmol/l 4.46 ± 3.28 4.53 ± 3.57 0.95

Smoker 5 (20.0) 7 (19.4) 1.00

Positive family history of CAD 12 (48.0) 15 (41.7) 0.79

Daily steroid dose at inclusion, mg 5.0 [3.8–7.5] 15 [10–28] 0.46

Metabolic syndrome 0 2 (5.5) 0.51

Fig. 2 Values of epicardial and pericardial fat deposition in steroid-treated patients and matched steroid-naïve controls. a The high-dose ster-
oid group (>7.5 mg prednisone equivalent daily) showed significant higher amounts of epicardial fat than the low-dose steroid group (<7.5 mg 
prednisone equivalent daily) and the age, sex and BMI matched steroid-naïve controls. In addition, the amount of epicardial fat was not significant 
different between low-dose steroid patients and the control group. b Likewise, these results could be confirmed for pericardial fat
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BMI (p = 0.06), and also for epicardial fat in the low-dose 
steroid group (p =  0.1). No correlation of epicardial or 
pericardial fat deposition with BMI could be detected in 
the control group, see Fig. 3.

Dividing patients on steroids and matched controls 
in an obese (BMI  >  25  kg/m2) and a non-obese group 
(BMI  <  25  kg/m2) revealed, that steroid patients with a 
BMI > 25 kg/m2 showed significantly more epicardial fat 
than steroid patients with a BMI < 25 kg/m2 (p < 0.0001). 
Similar results could be found for pericardial fat in the 
steroid-treated group (p = 0.001), see Fig. 4. However, no 
statistical significant difference in cardiac fat distribution 
between obese and non-obese control patients could be 
reported. Typical CMR results are displayed in Fig. 5.

Discussion
To the best of our knowledge, this is the first study sys-
tematically evaluating the impact of long-term steroid 
use on cardiac fat deposition in patients with different 
rheumatic disorders.

The main findings of the study are as follows: (1) Long-
term steroid use is associated with increased epicardial 
and pericardial fat deposition compared to steroid-naïve 
controls. (2) High-dose steroid therapy (>7.5  mg pred-
nisone equivalent daily) leads to higher amounts of 
epicardial and pericardial adipose tissue compared to 
low-dose steroid therapy. (3) Cardiac fat distribution cor-
relates with BMI in steroid treated patients, but not in 
steroid-naïve controls.

Thus, in awareness that cardiac fat may represent a new 
risk factor for CAD, patients with rheumatic disorders 
and long-term steroid therapy should be closely moni-
tored for early prevention of cardiovascular diseases.

Patient population
The mean patient age (54  years) and gender distribu-
tion (71 % female) are in line with previously published 
studies dealing with patients on long-term steroid treat-
ment [18]. As to expect, the steroid group demonstrated 
more epicardial and pericardial fat than the steroid-naïve 
control group. Diabetes was present in 10 patients of the 
steroid group, compared to only one patient in the con-
trol (p = 0.01), underscoring the need for glucose-lower-
ing medication in a cumulative dose-dependent manner 
in those patients [19, 20]. Moreover, the prevalence of 
arterial hypertension was increased in patients on steroid 
therapy vs. steroid-naïve controls (33 patients on steroids 
vs. 23 steroid-naïve controls, p =  0.10). These findings 
are in line with results from other groups, demonstrat-
ing that steroid treatment contributes to development of 
arterial hypertension [21, 22].

In total 9 patients, all treated with steroids, showed evi-
dence of CAD, which might have several reasons: First, it 

is known that a high level of cortisol can lead to adverse 
events including cardiovascular disease mediated by 
effects which favors arterial hypertension, obesity, dia-
betes, hypercholesterolemia [23]. Second, it is known 
that some rheumatic disorders (e.g. rheumatoid arthritis, 
systemic lupus erythematosus (SLE), ANCA-associated 
vasculitis) [9], implicate an increased cardiovascular risk 
profile.

Low-dose steroid group vs. high-dose steroid group
Several studies suggested a dose-dependent interaction 
between steroids and the prevalence of adverse effects 
[13, 24]. Our steroid population was divided in a low-
dose (<7.5  mg prednisone equivalent daily) and high-
dose steroid group (>7.5 mg prednisone equivalent daily), 
taking steroids for at least 6 months, which is in line with 
other reports [13, 24]. Consequently, BMI was higher in 
the high-dose steroid group (28 ±  6 kg/m2) than in the 
low-dose steroid group (25 ± 5 kg/m2, p = 0.05). Inter-
estingly, patients in the high-dose steroid group showed 
increased prevalence of arterial hypertension and diabe-
tes compared to the steroid-naïve control group. How-
ever, this difference was not statistically significant.

Previous studies demonstrated that cardiac fat vol-
umes gradually increased with the number of metabolic 
syndrome components [25]. Of note, in our population 
CAD was more prevalent in the high-dose steroid group 
(n = 7) compared to the low-dose steroid group (n = 2; 
p =  0.29). This trend supports the hypothesis that high 
levels of steroids lead to cardiovascular disease mediated 
by steroid side effects such as arterial hypertension, obe-
sity, diabetes, or hypercholesterolemia [23, 26–28].

Epicardial and pericardial fat
Steroids are known to cause obesity [23], which is an 
important component of the metabolic syndrome. More-
over, previous studies could demonstrate that high-dose 
steroids yield an increase of visceral adipose tissues 
[29–31].

Epicardial fat surrounds the coronary arteries, and 
shares embryological origin with abdominal visceral fat, 
which is known to be an independent cardiovascular risk 
factor [32]. A frequent discussed mechanism for coro-
nary atherosclerosis are paracrine effects by the close 
proximity to the coronary arteries and the high content 
of secreted inflammatory factors in epicardial adipose 
tissue [33–35].

Patients with high-dose steroid therapy showed sig-
nificantly more epicardial fat compared to matched ster-
oid-naïve controls. Furthermore, patients on high-dose 
steroid therapy had significantly increased amounts of 
epicardial fat compared to patients on low-dose steroid 
therapy, pointing towards a cumulative dose-dependent 
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Fig. 3 Correlation of multiple parameters in steroid-treated patients and matched steroid-naïve controls. a, b Epicardial and pericardial fat with BMI 
in patients with steroid therapy. c, d Epicardial and pericardial fat in age, sex and BMI matched steroid-naïve controls. e, f Epicardial and pericardial 
fat with BMI in the low-dose steroid group (<7.5 mg prednisone equivalent daily). g, h Epicardial and pericardial fat with BMI in the high-dose ster-
oid group (>7.5 mg prednisone equivalent daily)
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effect of steroids on cardiac adipose tissue accumula-
tion. As described above, use of steroids might result in 
adverse effects, which are similar to the components of 
the metabolic syndrome. A recent study could show that 
patients with metabolic syndrome had significantly larger 
areas of epicardial and pericardial fat in comparison to 
subjects without metabolic syndrome [3]. In line with 
these results, our study revealed significantly elevated 
amounts of epicardial and pericardial adipose tissue in 
the steroid-treated group compared to steroid-naïve con-
trols. Of note, the results for epicardial fat in our high-
dose steroid group 7.2 [4.2–11.1] cm2 are in line with 
the amounts of epicardial fat in this latter study [3]: 8.4 
[3.9–17.5] cm2. Moreover, the amounts of pericardial fat 
in our high-dose steroid group 18.6 [8.9–38.2] cm2 nicely 
matches the results of pericardial fat in patients with 
metabolic syndrome 19.1 [6.2–61.3] cm2, strongly sug-
gesting similar effects of a (high-dose) long-term steroid 
therapy and the metabolic syndrome on cardiac adipose 
tissue deposition [3, 12].

Cardiac fat and BMI
In the steroid treated group epicardial and pericardial 
fat correlated with patients BMI, also see Fig.  3. Look-
ing at patients with high-dose steroid therapy, this holds 
also true for the correlation of epicardial fat with BMI 
(p < 0.0001). Moreover, there was a trend for correlation 
of pericardial fat with BMI in the high-dose steroid group 
(p = 0.06). In the low-dose steroid group there was also a 
trend for correlation of epicardial fat and BMI (p = 0.1), 

whereas pericardial fat correlated with BMI (p  <  0.05), 
suggesting that even in low-dose steroid treated patients 
weight gain is yielding increased cardiac adipose tissue 
accumulation.

Dividing steroid treated patients and matched controls 
in an obese (BMI  >  25  kg/m2) and a non-obese group 
(BMI < 25 kg/m2) [36] revealed, that patients within the 
steroid group and a BMI > 25 kg/m2 showed significantly 
more epicardial fat than patients in the steroid group with 
BMI  <  25  kg/m2 (p  <  0.0001). Similar results could be 
found for pericardial fat in the steroid group (p = 0.001). 
However, no correlation of epicardial or pericardial fat 
deposition with BMI could be detected in the steroid-
naïve control group. These findings confirm another large 
study measuring epicardial fat thickness by computed 
tomography in 970 patients. In this study epicardial fat 
was associated with presence of CAD, as well as CAD 
severity, but not with BMI, supporting our results [37].

Clinical implications
On the basis of the data presented, it may be safe to 
assume that patients with rheumatic disorders on long-
term steroid therapy suffer from increased cardiac fat 
deposition compared to steroid-naïve controls. Further-
more, this effect seems to be dose-dependent, resulting 
in higher amounts of cardiac fat in patients with long-
term use of >7.5 mg prednisone equivalent/day. Adding 
this new additional cardiovascular risk factor to our per 
se high-risk population for CAD, careful cardiovascular 
monitoring is mandatory.

Fig. 4 Comparison of epicardial and pericardial fat deposition in steroid-treated patients vs. controls with BMI >25 and BMI <25. a Amounts of 
epicardial fat in steroid-treated patients with BMI >25 (obese) and <25 (non-obese) compared to steroid-naïve controls. b Amounts of pericardial fat 
in steroid-treated patients with BMI >25 and <25 compared to steroid-naïve controls
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Moreover, as stated by the European League Against 
Rheumatism (EULAR) recommendations on systemic 
steroid use [38], there should be effort to achieve a maxi-
mum of effectiveness with a minimum of toxicity.

Further large, randomized, multi-center studies are 
needed to clarify if quantification of cardiac fat distribu-
tion in long-term steroid treated patients with rheumatic 
disorders has the potential to serve as a powerful diag-
nostic tool in detecting patients of additional cardiovas-
cular risk in this per se high-risk population for CAD.

Limitations
The quantification of epicardial and pericardial vol-
umes in a single CMR four-chamber view instead of 
covering the whole ventricle by volume quantifica-
tion in every short-axis slice might be susceptible to 
bias. However, recent reports demonstrated that this 
approach shows good correlation to the time-consuming 
Simpson method. This holds true for CMR imaging as 
well as for CT imaging [3, 12, 16, 39]. Another limita-
tion might be the lack of standardized reference values 
for epicardial and pericardial fat volumes, which pres-
ently restrict a more widespread use in clinical routine. 
However, our results in the high-dose steroid group are 
similar to the results reported in patients with metabolic 
syndrome [3], suggesting a common pathway between 
high-dose steroid effects (steroid induced fat distribu-
tion) and effects in patients with metabolic syndrome. 
Moreover, there are different confounders, which must 
be addressed. First, we cannot exclude confounding by 
indication, since higher doses of steroids might be pre-
scribed to those patients with more severe course of the 
disease. Second, patients were not paired-matched for 
arterial hypertension and CAD. Third, it is ambiguous, 
whether rheumatic disorders themselves might have 
impact on the distribution of cardiac adipose tissue. 
Fourth, our control group was not matched for rheu-
matic disorders, since a potential deprivation of steroids 
would have been largely unethical. Thus, in some of the 
results, it might be difficult to differentiate if they are 
attributable to steroid use only, to disease severity, or a 
combination of both.

Conclusions
The present data suggest that the use of steroids in 
patients with different rheumatic disorders is associated 
with increased cardiac adipose tissue accumulation. This 
effect seems to be stronger in patients with high-dose 
prednisone equivalent doses (>7.5  mg daily for at least 
6  months) than in patients with low-dose prednisone 
equivalent doses, suggesting a cumulative dose-depend-
ent effect.

Fig. 5 Patient examples of 4-chamber oriented end-diastolic images 
for determination of epicardial and pericardial fat. a, b 55-year old 
male with high-dose steroid treated rheumatoid arthritis for more 
than 8 years. Patients BMI was 27.8 kg/m2, beside arterial hypertension 
he suffered from diabetes. CMR 4-chamber view revealed extensive 
epicardial fat deposition (shown in red) and pericardial fat deposition 
(shown in blue). c, d Age, sex and BMI matched steroid-naïve control 
to the high-dose steroid-treated patient in panels A/B with less 
amounts of epicardial and pericardial fat. e, f 49-year old steroid-naïve 
female (control group) with moderate epi- and pericardial fat deposi-
tion despite a high elevated BMI of 41.2 kg/m2 (obese class III). g, h 
69-year old steroid-naïve female (control group) with a BMI of 26.8 kg/
m2. Despite only moderate elevated BMI and no history of steroid 
intake, this patient showed considerable amounts of epi- and pericar-
dial fat, underlining the lack of association between BMI and amounts 
of epi- and pericardial fat in the steroid-naïve control group



Page 10 of 11Kitterer et al. Cardiovasc Diabetol  (2015) 14:130 

Abbreviations
ANCA: anti-neutrophil cytoplasmic antibody; BMI: body mass index; CAD: cor-
onary artery disease; CMR: cardiovascular magnetic resonance; CT: computed 
tomography; ECG: electrocardiogram; EDV: end-diastolic volume; EF: ejection 
fraction; ESV: end-systolic volume; ICC: intra-class correlation coefficient; ICD: 
implantable cardioverter defibrillator; IQR: interquartile range; LV: left ventricle; 
SD: standard deviation; SLE: systemic lupus erythematosus.

Authors’ contributions
SG, DK, HM contributed to the idea and design of the study, analysis of the 
data, and writing of the report. JL, JH, MDA, SB, US, NB and HM contributed 
to the idea and design of the study, analysis of the data, and revision of the 
report. DK, SG, JL, HM and MB analyzed the data. All authors contributed to 
the interpretation of the data and the writing of the paper. All authors read 
and approved the final manuscript.

Author details
1 Division of Nephrology, Department of Internal Medicine, Robert-Bosch-Med-
ical Center, Auerbachstrasse 110, 70376 Stuttgart, Germany. 2 Division of Rheu-
matology, Department of Internal Medicine II, Universitätsklinik Tübingen, 
Tübingen, Germany. 3 Department of Cardiology, Robert-Bosch-Medical Center, 
Auerbachstrasse 110, 70376 Stuttgart, Germany. 4 Department of Radiology, 
Robert-Bosch-Medical Center, Auerbachstrasse 110, 70376 Stuttgart, Germany. 

Acknowledgements
This study was funded in part by the Robert Bosch Foundation (KKF 13-2).

Compliance with ethical guidelines

Competing interests
The authors declare that they have no competing interest.

Received: 14 August 2015   Accepted: 11 September 2015

References
 1. Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, De Simone 

G, et al. Executive summary: heart disease and stroke statistics—2010 
update: a report from the American Heart Association. Circulation. 
2010;121(7):948–54. doi:10.1161/CIRCULATIONAHA.109.192666.

 2. TaskForce M, Montalescot G, Sechtem U, Achenbach S, Andreotti F, Arden 
C, et al. 2013 ESC guidelines on the management of stable coronary 
artery disease: the Task Force on the management of stable coronary 
artery disease of the European Society of Cardiology. Eur Heart J. 
2013;34(38):2949–3003. doi:10.1093/eurheartj/eht296.

 3. Nyman K, Graner M, Pentikainen MO, Lundbom J, Hakkarainen A, Siren R, 
et al. Cardiac steatosis and left ventricular function in men with metabolic 
syndrome. J Cardiovasc Magn Reson Off J Soc Cardiovasc Magn Reson. 
2013;15:103. doi:10.1186/1532-429X-15-103.

 4. Ding J, Hsu FC, Harris TB, Liu Y, Kritchevsky SB, Szklo M, et al. The associa-
tion of pericardial fat with incident coronary heart disease: the Multi-Eth-
nic Study of Atherosclerosis (MESA). Am J Clin Nutr. 2009;90(3):499–504. 
doi:10.3945/ajcn.2008.27358.

 5. Tamarappoo B, Dey D, Shmilovich H, Nakazato R, Gransar H, Cheng 
VY, et al. Increased pericardial fat volume measured from noncontrast 
CT predicts myocardial ischemia by SPECT. JACC Cardiovasc Imaging. 
2010;3(11):1104–12. doi:10.1016/j.jcmg.2010.07.014.

 6. Aslanabadi N, Salehi R, Javadrashid A, Tarzamni M, Khodadad B, Enamza-
deh E, et al. Epicardial and pericardial fat volume correlate with the sever-
ity of coronary artery stenosis. J Cardiovasc Thorac Res. 2014;6(4):235–9. 
doi:10.15171/jcvtr.2014.018.

 7. Cheng VY, Dey D, Tamarappoo B, Nakazato R, Gransar H, Miranda-Peats R, 
et al. Pericardial fat burden on ECG-gated noncontrast CT in asymptomatic 
patients who subsequently experience adverse cardiovascular events. JACC 
Cardiovasc Imaging. 2010;3(4):352–60. doi:10.1016/j.jcmg.2009.12.013.

 8. Mahabadi AA, Berg MH, Lehmann N, Kalsch H, Bauer M, Kara K, et al. 
Association of epicardial fat with cardiovascular risk factors and incident 

myocardial infarction in the general population: the Heinz Nixdorf 
Recall Study. J Am Coll Cardiol. 2013;61(13):1388–95. doi:10.1016/j.
jacc.2012.11.062.

 9. Mason JC, Libby P. Cardiovascular disease in patients with chronic inflam-
mation: mechanisms underlying premature cardiovascular events in 
rheumatologic conditions. Eur Heart J. 2015;36(8):482-9c. doi:10.1093/
eurheartj/ehu403.

 10. Kramer CM, Barkhausen J, Flamm SD, Kim RJ, Nagel E, Society for Cardio-
vascular Magnetic Resonance Board of Trustees Task Force on Standard-
ized P. Standardized cardiovascular magnetic resonance (CMR) protocols 
2013 update. J Cardiovasc Magn Reson Off J Soc Cardiovasc Magn Reson. 
2013;15:91. doi:10.1186/1532-429X-15-91.

 11. Mahrholdt H, Goedecke C, Wagner A, Meinhardt G, Athanasiadis A, 
Vogelsberg H, et al. Cardiovascular magnetic resonance assessment 
of human myocarditis: a comparison to histology and molecu-
lar pathology. Circulation. 2004;109(10):1250–8. doi:10.1161/01.
CIR.0000118493.13323.81.

 12. Graner M, Siren R, Nyman K, Lundbom J, Hakkarainen A, Pentikainen MO, 
et al. Cardiac steatosis associates with visceral obesity in nondiabetic obese 
men. J Clin Endocrinol Metab. 2013;98(3):1189–97. doi:10.1210/jc.2012-3190.

 13. Huscher D, Thiele K, Gromnica-Ihle E, Hein G, Demary W, Dreher R, et al. 
Dose-related patterns of glucocorticoid-induced side effects. Ann Rheum 
Dis. 2009;68(7):1119–24. doi:10.1136/ard.2008.092163.

 14. Furst DE, Saag KG. Determinants of glucocorticoid dosing. Up to date 
2015. 2013. http://www.uptodate.com/contents/determinants-of-glucoc
orticoiddosing?source=search_result&search=glucocorticoid&selectedT
itle=4~150. Accessed 15 Sept 2015.

 15. Kim SH, Chung JH, Kwon BJ, Song SW, Choi WS. The associations of 
epicardial adipose tissue with coronary artery disease and coronary 
atherosclerosis. Int Heart J. 2014;55(3):197–203.

 16. Chen O, Sharma A, Ahmad I, Bourji N, Nestoiter K, Hua P, et al. Correlation 
between pericardial, mediastinal, and intrathoracic fat volumes with the 
presence and severity of coronary artery disease, metabolic syndrome, 
and cardiac risk factors. Eur Heart J Cardiovasc Imaging. 2015;16(1):37–46. 
doi:10.1093/ehjci/jeu145.

 17. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome–a new world-wide 
definition. A Consensus Statement from the International Diabe-
tes Federation. Diabet Med J Br Diabet Assoc. 2006;23(5):469–80. 
doi:10.1111/j.1464-5491.2006.01858.x.

 18. Curtis JR, Westfall AO, Allison J, Bijlsma JW, Freeman A, George V, et al. 
Population-based assessment of adverse events associated with long-term 
glucocorticoid use. Arthritis Rheum. 2006;55(3):420–6. doi:10.1002/art.21984.

 19. Gulliford MC, Charlton J, Latinovic R. Risk of diabetes associated with 
prescribed glucocorticoids in a large population. Diabetes Care. 
2006;29(12):2728–9. doi:10.2337/dc06-1499.

 20. Gurwitz JH, Bohn RL, Glynn RJ, Monane M, Mogun H, Avorn J. Glucocorti-
coids and the risk for initiation of hypoglycemic therapy. Arch Intern Med. 
1994;154(1):97–101.

 21. Saruta T, Suzuki H, Handa M, Igarashi Y, Kondo K, Senba S. Multiple factors 
contribute to the pathogenesis of hypertension in Cushing’s syndrome. J 
Clin Endocrinol Metab. 1986;62(2):275–9. doi:10.1210/jcem-62-2-275.

 22. Whitworth JA. Studies on the mechanisms of glucocorticoid hyperten-
sion in humans. Blood Press. 1994;3(1–2):24–32.

 23. Mancini T, Kola B, Mantero F, Boscaro M, Arnaldi G. High car-
diovascular risk in patients with Cushing’s syndrome according 
to 1999 WHO/ISH guidelines. Clin Endocrinol. 2004;61(6):768–77. 
doi:10.1111/j.1365-2265.2004.02168.x.

 24. Wei L, MacDonald TM, Walker BR. Taking glucocorticoids by prescription 
is associated with subsequent cardiovascular disease. Ann Intern Med. 
2004;141(10):764–70.

 25. Gorter PM, van Lindert AS, de Vos AM, Meijs MF, van der Graaf Y, 
Doevendans PA, et al. Quantification of epicardial and peri-coronary fat 
using cardiac computed tomography; reproducibility and relation with 
obesity and metabolic syndrome in patients suspected of coronary 
artery disease. Atherosclerosis. 2008;197(2):896–903. doi:10.1016/j.
atherosclerosis.2007.08.016.

 26. Macfarlane DP, Raubenheimer PJ, Preston T, Gray CD, Bastin ME, Marshall I, 
et al. Effects of acute glucocorticoid blockade on metabolic dysfunction in 
patients with Type 2 diabetes with and without fatty liver. Am J Physiol Gas-
trointest Liver Physiol. 2014;307(7):G760–8. doi:10.1152/ajpgi.00030.2014.

http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192666
http://dx.doi.org/10.1093/eurheartj/eht296
http://dx.doi.org/10.1186/1532-429X-15-103
http://dx.doi.org/10.3945/ajcn.2008.27358
http://dx.doi.org/10.1016/j.jcmg.2010.07.014
http://dx.doi.org/10.15171/jcvtr.2014.018
http://dx.doi.org/10.1016/j.jcmg.2009.12.013
http://dx.doi.org/10.1016/j.jacc.2012.11.062
http://dx.doi.org/10.1016/j.jacc.2012.11.062
http://dx.doi.org/10.1093/eurheartj/ehu403
http://dx.doi.org/10.1093/eurheartj/ehu403
http://dx.doi.org/10.1186/1532-429X-15-91
http://dx.doi.org/10.1161/01.CIR.0000118493.13323.81
http://dx.doi.org/10.1161/01.CIR.0000118493.13323.81
http://dx.doi.org/10.1210/jc.2012-3190
http://dx.doi.org/10.1136/ard.2008.092163
http://www.uptodate.com/contents/determinants-of-glucocorticoiddosing%3fsource%3dsearch_result%26search%3dglucocorticoid%26selectedTitle%3d4%7e150
http://www.uptodate.com/contents/determinants-of-glucocorticoiddosing%3fsource%3dsearch_result%26search%3dglucocorticoid%26selectedTitle%3d4%7e150
http://www.uptodate.com/contents/determinants-of-glucocorticoiddosing%3fsource%3dsearch_result%26search%3dglucocorticoid%26selectedTitle%3d4%7e150
http://dx.doi.org/10.1093/ehjci/jeu145
http://dx.doi.org/10.1111/j.1464-5491.2006.01858.x
http://dx.doi.org/10.1002/art.21984
http://dx.doi.org/10.2337/dc06-1499
http://dx.doi.org/10.1210/jcem-62-2-275
http://dx.doi.org/10.1111/j.1365-2265.2004.02168.x
http://dx.doi.org/10.1016/j.atherosclerosis.2007.08.016
http://dx.doi.org/10.1016/j.atherosclerosis.2007.08.016
http://dx.doi.org/10.1152/ajpgi.00030.2014


Page 11 of 11Kitterer et al. Cardiovasc Diabetol  (2015) 14:130 

 27. Ichikawa R, Daimon M, Miyazaki T, Kawata T, Miyazaki S, Maruyama M, 
et al. Influencing factors on cardiac structure and function beyond glyce-
mic control in patients with type 2 diabetes mellitus. Cardiovasc Diabetol. 
2013;12:38. doi:10.1186/1475-2840-12-38.

 28. Yuen KC, Roberts CT Jr, Frystyk J, Rooney WD, Pollaro JR, Klopfenstein 
BJ, et al. Short-term, low-dose GH therapy improves insulin sensitivity 
without modifying cortisol metabolism and ectopic fat accumulation in 
adults with GH deficiency. J Clin Endocrinol Metab. 2014;99(10):E1862–9. 
doi:10.1210/jc.2014-1532.

 29. Geer EB, Shen W, Gallagher D, Punyanitya M, Looker HC, Post KD, et al. 
MRI assessment of lean and adipose tissue distribution in female 
patients with Cushing’s disease. Clin Endocrinol. 2010;73(4):469–75. 
doi:10.1111/j.1365-2265.2010.03829.x.

 30. Rockall AG, Sohaib SA, Evans D, Kaltsas G, Isidori AM, Monson JP, et al. 
Computed tomography assessment of fat distribution in male and 
female patients with Cushing’s syndrome. Eur J Endocrinol/Eur Fed 
Endocr Soc. 2003;149(6):561–7.

 31. Wajchenberg BL, Bosco A, Marone MM, Levin S, Rocha M, Lerario 
AC, et al. Estimation of body fat and lean tissue distribution by dual 
energy X-ray absorptiometry and abdominal body fat evaluation by 
computed tomography in Cushing’s disease. J Clin Endocrinol Metab. 
1995;80(9):2791–4. doi:10.1210/jcem.80.9.7673425.

 32. Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an inde-
pendent risk factor for cardiovascular disease: a 26-year follow-up of par-
ticipants in the Framingham Heart Study. Circulation. 1983;67(5):968–77.

 33. Dusserre E, Moulin P, Vidal H. Differences in mRNA expression of the 
proteins secreted by the adipocytes in human subcutaneous and visceral 
adipose tissues. Biochim Biophys Acta. 2000;1500(1):88–96.

 34. Katagiri H, Yamada T, Oka Y. Adiposity and cardiovascular disorders: 
disturbance of the regulatory system consisting of humoral and neuronal 
signals. Circ Res. 2007;101(1):27–39. doi:10.1161/CIRCRESAHA.107.151621.

 35. Mazurek T, Zhang L, Zalewski A, Mannion JD, Diehl JT, Arafat H, et al. Human 
epicardial adipose tissue is a source of inflammatory mediators. Circulation. 
2003;108(20):2460–6. doi:10.1161/01.CIR.0000099542.57313.C5.

 36. Taguchi R, Takasu J, Itani Y, Yamamoto R, Yokoyama K, Watanabe S, et al. 
Pericardial fat accumulation in men as a risk factor for coronary artery 
disease. Atherosclerosis. 2001;157(1):203–9.

 37. Picard FA, Gueret P, Laissy JP, Champagne S, Leclercq F, Carrie D, et al. Epi-
cardial adipose tissue thickness correlates with the presence and severity 
of angiographic coronary artery disease in stable patients with chest 
pain. PLoS One. 2014;9(10):e110005. doi:10.1371/journal.pone.0110005.

 38. Hoes JN, Jacobs JW, Boers M, Boumpas D, Buttgereit F, Caeyers N, et al. 
EULAR evidence-based recommendations on the management of 
systemic glucocorticoid therapy in rheumatic diseases. Ann Rheum Dis. 
2007;66(12):1560–7. doi:10.1136/ard.2007.072157.

 39. Oyama N, Goto D, Ito YM, Ishimori N, Mimura R, Furumoto T, et al. 
Single-slice epicardial fat area measurement: do we need to measure the 
total epicardial fat volume? Jpn J Radiol. 2011;29(2):104–9. doi:10.1007/
s11604-010-0524-z.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://dx.doi.org/10.1186/1475-2840-12-38
http://dx.doi.org/10.1210/jc.2014-1532
http://dx.doi.org/10.1111/j.1365-2265.2010.03829.x
http://dx.doi.org/10.1210/jcem.80.9.7673425
http://dx.doi.org/10.1161/CIRCRESAHA.107.151621
http://dx.doi.org/10.1161/01.CIR.0000099542.57313.C5
http://dx.doi.org/10.1371/journal.pone.0110005
http://dx.doi.org/10.1136/ard.2007.072157
http://dx.doi.org/10.1007/s11604-010-0524-z
http://dx.doi.org/10.1007/s11604-010-0524-z

	Impact of long-term steroid therapy on epicardial and pericardial fat deposition: a cardiac MRI study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Patient population
	Control group
	CMR protocol
	CMR analysis
	Definitions and variables
	Statistical analysis

	Results
	Patient population
	Low-dose steroid group vs. high-dose steroid group
	Epicardial and pericardial fat
	Cardiac fat and BMI

	Discussion
	Patient population
	Low-dose steroid group vs. high-dose steroid group
	Epicardial and pericardial fat
	Cardiac fat and BMI
	Clinical implications
	Limitations

	Conclusions
	Authors’ contributions
	References




