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ABSTRACT
Objective. It has been frequently stat-
ed that rheumatoid cachexia (RC) as-
sociates with increased cardiovascular 
risk; however, no studies to date have 
investigated this. The aim of this study 
was to investigate the association of 
RC with multiple novel and classical 
cardiovascular disease (CVD) risk fac-
tors and the presence of established 
CVD in rheumatoid arthritis (RA). 
Methods. A total of 34 RA patients with 
RC (RA+RC) were identified from a 
database of 400 RA patients using pub-
lished RC criteria and compared to the 
remaining patients (RA-RC) who did 
not fulfil RC criteria. All patients were 
assessed for fat and fat-free mass, albu-
min (indicator of catabolism), disease 
activity/severity, novel and classical 
risk CVD factors and established CVD. 
Results. Fat-free mass (kg) and al-
bumin (g/L) were significantly de-
creased in RA+RC vs. RA-RC patients: 
37.3(33.9–41.6) vs. 45.9(41.2–55.5), 
p<0.001 and 39.6±6.7 vs. 42.4±4.9, 
p=0.001). Percent body fat was not 
significantly different. No significant 
differences were detected in either the 
classical or novel CVD risk factors, 
10-year CVD risk or the prevalence of 
established CVD. 
Conclusions. RC does not appear to be 
associated with worse CVD profile in 
RA patients, but this needs to be con-
firmed in prospective studies. 

Introduction
Rheumatoid arthritis (RA) is character-
ised by systemic inflammation and as-
sociates with increased morbidity and 
mortality from cardiovascular disease 
(CVD). It also leads to a metabolic ab-
normality, rheumatoid cachexia (RC) 
(1-3), characterised by excessive invol-
untary wasting of fat-free mass; this is 
rarely reflected in changes of weight or 
body mass index (BMI), because it may 
be masked by increased fat mass (2, 
4). RC is attributed mainly to reduced 
physical activity and increased produc-
tion of pro-inflammatory cytokines, 
particularly tumour necrosis factor al-
pha (TNF-α), which alter normal pro-
tein metabolism towards a catabolic 
state (3). Preliminary evidence suggests 
that RC may be reversed using exercise 

and high-protein diet (5, 6). Regard-
ing TNF-α biologics the available data 
are still inconclusive; however, it has 
been found that TNF-α inhibition in-
creases physical activity mainly due to 
improved physical function (7) as well 
as protein intake, possibly due to an in-
crease in ghrelin (8).
It has been suggested that RC associ-
ates with increased CVD (9), but there 
are no studies that have directly investi-
gated this. The aim of the present study 
was to investigate whether RC associ-
ates with worse classical or novel CVD 
risk factor profile, cumulative 10-year 
risk for CVD, or prevalence of CVD in 
patients with RA. 

Materials and methods
The Dudley RA comorbidity cohort 
(DRACCO), a large prospective cohort 
of 400 RA patients whose clinical, labo-
ratory, metabolic, demographic and an-
thropometric characteristics have been 
previously described in detail (10), was 
utilised in this study. 
RC was defined by recently published 
criteria (11) which are based on well-
established, age-related, cut-off points 
set by bioelectrical impedance: fat-free 
mass index (FFMI) below the 10th per-
centile, and fat mass index (FMI) above 
the 25th percentile (12). All patients with 
RC (RA+RC, n=34) satisfying these 
criteria were identified and compared 
- for classical and novel CVD risk fac-
tors, 10-year CVD risk and prevalent 
CVD - with all remaining 366 patients 
from the cohort who did not satisfy RC 
criteria (RA-RC, n=366). 
Height was recorded on a Seca Stadiom-
eter (Vogel & Halke & Co., Hamburg, 
Germany). Weight and segmental body 
composition were evaluated by bioelec-
trical impedance (Tanita BC418MA, 
Tokyo, Japan): fat-free mass and fat-
mass data were then used to calculate 
the fat-free mass index-FFMI (fat-free 
mass (kg)/height2) and fat mass index-
FMI (fat mass(kg)/height2) (12). Classi-
cal and novel CVD risk factors assessed 
in fasting blood included: Triglycerides, 
total cholesterol, high-density lipopro-
tein, calculated low-density lipoprotein 
(LDL) (Vitros® 5.1 FS chemistry sys-
tem, USA); glucose and insulin (Im-
munolite 2000 Analyser, Diagnostic 
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Products Corporation, USA); Type I 
plasminogen activator inhibitor antigen, 
tissue-type plasminogen activator an-
tigen (Asserchrom, Diagnostica Stago, 
France), homocysteine (fluorescent po-
larization immunosorbent, Abbott labo-
ratories, USA), apolipoprotein B, C-re-
active protein (CRP), serum uric acid 
(Vitros® 5.1 FS, USA), interleukins 
(IL)-1b, IL-6,  TNF-α (multi-analyte 
Biochip Array Technology, Randox, 
USA), haemoglobin, white cell count 
(ADVIA® 120 Hematology System, 
Bayer Healthcare), fibrinogen and von 
Willebrand Factor (IL Futura Advance 
analyser, UK). Albumin was also meas-
ured, as an indicator of protein loss.

Statistical analyses
After assessing normal distribution, 
either ANOVA or Mann-Whitney tests 
were used to assess the differences be-
tween the two groups, as appropriate. 
Values are reported either as mean±SD 
or median (interquartile range). Com-
parisons of categorical variables were 
conducted using Chi-square tests. 
Multivariable models were conducted 
to investigate the prediction power of 
pro-inflammatory cytokines and meth-
otrexate against cachexia. Statistical 
analyses were conducted using SPSS 
(version 13.0.1, Chicago, Illinois), with 
statistical significance set at p<0.05.

Results
Population characteristics 
Demographic, anthropometric and clin-
ical characteristics, as well as medi-
cation use in the group of RA patients 
with RC (RA+RC) and the remaining 
RA patients without RC (RA-RC) are 
shown in Table I. Significant differences 
were present in most anthropometric and 
some clinical characteristics. TNF-α and 
IL-1β levels were significantly increased 
in the RA+RC group (Table I). More-
over, TNF-α and IL-1β were strong pre-
dictors of cachexia (F=3.7, p=0.04 and 
F=5.4, p=0.022, respectively); this sig-
nificant prediction persisted even after 
adjustment for DAS28 and HAQ (TNF-
α: F=4.6, p=0.034 and IL1β: F=7.5, 
p=0.008). Finally, the use of methotrex-
ate was not predicted by cachexia; its 
strongest predictor in all models was 
disease severity (HAQ, p=0.008).

As expected, FFMI was significant-
ly reduced in RA+RC compared to 
RA-RC (14.2±1.5 vs. 17.9±2.4 kg, 
p<0.001) while this was not the case 
for FMI (RA+RC vs. RA-RC: 12.1±3.2 
vs. 13.5±3.8 kg, p>0.05). Albumin lev-
els were significantly lower in RC+RA 
than RA-RC (39.6±6.7 vs. 42.4±4.9 g/L, 
p=0.001). 

Classical CVD risk factors: 
A non-significantly larger proportion of 
RA+RC patients were current smokers 
(i.e. smokers at the time of the assess-
ment) compared to RA-RC (Table I). 
Systolic blood pressure was not signifi-
cantly different between the two groups, 
but RA+RC had significantly lower 
diastolic blood pressure (73.3±10.8 

mmHg) than RA-RC (79.4±11.1 
mmHg) (p=0.003). No significant differ-
ences (p>0.05) were detected in any of 
the lipid assessments (RA+RC vs. RA-
RC: triglycerides = 1.3(1.0–1.6) vs. 1.2 
(0.9–1.6), total cholesterol=5.5(4.8–6.3) 
vs. 5.2(4.4–5.8) and LDL=3.1±1.3 vs. 
3.0±1.2), or insulin resistance assessed 
via the homeostatic model assessment 
(RA+RC vs. RA-RC: 1.6(0.9–2.6) vs. 
1.9(1.1–3.2)). 

Novel CVD risk factors: 
No significant differences were detect-
ed in any of the novel CVD risk fac-
tors studied: RA+RC vs. RA-RC: Type 
I plasminogen activator inhibitor an-
tigen (28.0(25.9–46.6) vs. 28.4(18.0–
40.5) ng/ml), tissue-type plasminogen 

Table I. Demographic, anthropometric and clinical characteristics of the study popu-        
lations.

 RA+RC (n=34) RA-RC (n=366) p-value

General demographics
Age (years) 68.3 (64.7–73.0) 62.7 (54.0–69.4) <0.001
Sex female n (%) 27 (80%) 265 (72.4%) NS
Smoking status current smokers n (%) 8 (24.2%) 57 (15.9%) NS

Anthropometric
Height (cm) 164.0 (159.7–170.0) 162.5 (157.0–170.0) NS
Weight (kg) 59.2 (51.4–65.5) 74.4 (65.8–85.2) <0.001
Body mass index (kg/m2) 21.7 ± 3.5 28.3 ± 4.7 <0.001
Fat-free mass (kg) 37.3 (33.9–41.6) 45.9 (41.2–55.5) <0.001
Fat mass (%) 35.4 (28.8–37.6) 36.2 (30.4–41.8) NS

RA characteristics 
General characteristics

RF positive n (%)   8 (25.0%) 87 (24.2%) NS
Disease duration (years) 11.0 (6.0–20.5) 10.0 (4.0–18.0) NS

Disease activity
C-reactive protein  (mg/L) 6.5 (4.0–14.0) 9.0 (5.0–20.0) 0.023
ESR (mm/1hr) 16.5 (9.7–39.0) 21.0 (9.0–37.0) NS
Disease Activity Score 284.3 ± 1.8 4.2 ± 1.4 NS
Interleukin 1b (pg/ml) 5.7 (1.9–39.0) 1.1 (0.0–7.4) 0.020
Interleukin 6 (pg/ml) 11.4 (8.2–19.9) 13.6 (9.6–21.3) NS
TNF-α (pg/ml) 34.2 (7.2–112.3) 7.5 (5.0–32.8) 0.027

Disease severity
HAQ 1.6 (0.3–2.0) 1.5 (0.6–2.1) NS
Extra-articular disease (%) 25 (73.5%) 244 (66.7%) NS
Depression n (%) 8 (23.5%) 63 (17.2%) NS

Medication
DMARDs n (%) 22 (64.7%) 205 (56%) NS
MTX n (%) 33 (97.1%) 277 (75.7%) 0.001
Anti-TNF-α n (%) 4 (12%) 42 (11.5%) NS
leflunomide n (%) 0 (0%) 16 (4.4%) NS
prednisolone n (%) 13 (38.2%) 118 (32.2%) NS
NSAIDs n (%) 7 (20.6%) 72 (19.7%) NS
Cholesterol-lowering n (%) 6 (17.6%) 72 (19.7%) NS

Results expressed as number (percentages), median (interquartile range) or mean ± SD as appropriate.
RA+RC: patients with rheumatoid cachexia; RA-RC: patients without rheumatoid cachexia; P: level of 
significance; NS: non significant; RF: rheumatoid factor; ESR: erythrocyte sedimentation rate; TNF-α: 
tumour necrosis factor alpha; HAQ: Health Assessment Questionnaire; DMARDs: disease modifying 
anti rheumatic drugs; MTX: methotrexate; NSAIDs: non-steroidal anti-inflammatory drugs.



987

BRIEF PAPERRheumatoid cachexia and CVD / G.S. Metsios et al.

activator antigen (11.5(9.9–13.7) vs. 
9.4(7.7–13.0) ng/ml), homocysteine 
(10.3(9.3–15.5) vs. 11.4(9.0–14.2) 
μmo/l), apolipoprotein B (1.0(0.7–
1.1) vs. 0.9(0.7–1.1) μmol/l), serum 
uric acid (288.5(241.2–358.5) vs. 
298.0(247.0–367.0) μmol/l), haemo-
globin (13.4(12.3–14.2) vs. 13.2(12.3–
14.2) g/dl), white cell count (7.3(5.4–
8.9) vs. 7.4(6.1–9.3) x109/L), fibrino-
gen (4.3(3.5–5.1) vs. 4.4(3.7–4.9) g/dl) 
and von Willebrand Factor (113(11.6.5–
169.5) vs. 130.6(96.8156.1) lU/dl); all 
p>0.05.  

10-year CVD probability: 
No significant difference (p>0.05) was 
detected in the 10-year CVD risk be-
tween the groups: RA+RC=5.0%(3.5–
10.0) vs. RA-RC=5.0%(2.0–10.0).

Prevalent CVD and death: 
Results are reported in number (per-
cent). There were no significant dif-
ferences in the prevalence of angina 
(2(5.9%) vs. 35(9.6%)), coronary artery 
bypass grafting (1(2.9%) vs. 9(2.5%)), 
heart attack (3(8.8%) vs. 25(6.8%)), 
peripheral vascular disease (2(5.9%) 
vs. 11(3.0%)), cardiac rhythm dis-
ease (1(2.9%) vs. 21(5.7%)), stroke 
(3(8.8%) vs. 14(3.8%)) or valve prob-
lems (1(2.9%) vs. 8(2.2%)) in RA+RC 
vs. RA-RC, respectively. During a fol-
low-up period of 3 years, there was no 
significant difference either in all cause 
or CVD mortality between the two 
groups (RA+RC vs. RA-RC: 6.0% vs. 
6.8% or 0% vs. 2.2), respectively.

Discussion
To the best of our knowledge, this is 
the first study directly investigating the 
cardiovascular profile of RA patients 
with RC. The results suggest that the 
presence of RC is not associated with 
worse classical or novel CVD risk fac-
tor profile, 10-year CVD risk, increased 
mortality or CVD prevalence. 
Our findings are opposed to the state-
ment that RC+RA is associated with 
increased CVD risk (9). This lack of 
association may be explained by the 
fact that the only published criteria for 
RC, as adopted in this study, are very 
stringent; this has resulted in a sample 
of RC+RA patients that had, in general, 

decreased body mass, but similar fat 
mass, in comparison with what is nor-
mally seen in RA (e.g. mean BMI of 
the present total cohort was ~28 kg/m2). 
As such, the present RC criteria (being 
age- but not weight-related (12)) do 
not take into account overweight and 
obese patients;  these may experience 
RC as well as increased CVD risk due 
to the increased prevalence of insulin 
resistance or worse adipokine profile 
(13, 14). It is also possible that due to 
the increased mortality of cachectic pa-
tients, the severely cachetic RA patients 
may have already died before inclusion 
in the cohort. This may be further sup-
ported by the fact that no difference 
was found either in all-cause or CVD 
mortality between RA+RC and RA-RC 
in this cohort over a follow-up period 
of three years exceeding 1500 patient 
years. 
The potential link between RC and 
CVD has been previously highlighted 
(9) but never before investigated per 
se. This, however, is an important topic 
to explore since the increased fat depo-
sition that masks the enhanced protein 
catabolism as a result of RC (3), could 
lead an adverse cardiovascular profile 
(15). Our data suggest this may not 
be the case, since, interestingly, the 
present RA+RC patients had similar 
body fat with the RA-RC patients de-
spite the fact that their BMI was sig-
nificantly lower. 
In our study, RC prevalence was 10%, 
which is identical to that reported by 
Morley et al. (16), who also used a 
stringent approach for the diagnosis of 
RC. Using the present published crite-
ria, the BMI of the RA+RC population 
is normal as opposed to the remain-
ing non-cachectic population which 
is characterised as obese. Hence, the 
present findings are in line with pub-
lished data that underweight and obese 
RA patients have worse disease mani-
festations (17). It is, however, very im-
portant to highlight, that to date, there 
are no uniform criteria for the defini-
tion of RC and most of the studies in-
vestigating the prevalence of RC have 
used different criteria (18). Hence, the 
statement that RC occurs in 2/3 of the 
RA population (9), is likely to be in-
accurate and needs to be reconsidered. 

In the present study, we adopted recent 
reference cut-off points for FFMI and 
FMI assessed by bioelectrical imped-
ance (12), because this method has 
been consistently used in RA. We are 
aware that this method has its own dis-
advantages and needs further validation 
in RA (4) but it is based on more sound 
scientific methodology compared to 
previously adopted methods (18) and 
thus, provides a better prediction of 
overall fat and fat-free mass content 
(19). The fact that our RA+RC patients 
had significantly lower albumin may 
further support that they were experi-
encing enhanced catabolism. 
This study is the first to show that, us-
ing the present strict criteria for RC, 
this metabolic abnormality does not ap-
pear to associate with worse cardiovas-
cular profile in RA patients. This needs 
to be confirmed in long-term prospec-
tive studies. 
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