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Rheumatoid cachexia in early rheumatoid arthritis: prevalence and
associated variables

L Angstrom’, K Hérnberg', B Sundstrém', A Sédergren'?

'Department of Public Health and Clinical Medicine/Rheumatology, Umea University, Umed, Sweden
%Wallenberg Centre for Molecular Medicine (WCMM), Umea University, Umea, Sweden

Objective: Rheumatoid cachexia (RC) is prevalent among patients with established rheumatoid arthritis (RA). Although
changes in muscle mass and fat mass have been reported in early RA, these findings have not been classified according to
existing RC definitions. This study aimed to describe the prevalence of RC and associated variables in patients with early RA.
Method: This cross-sectional study included 87 patients. Body composition was evaluated with dual-energy X-ray absorptiometry
after a median disease duration of 15 months. RC was defined as a fat-free mass index < 10th percentile and fat mass index > 25th
percentile. We also assessed the erythrocyte sedimentation rate (ESR), C-reactive protein, Disease Activity Score in 28 joints, aerobic
capacity, physical activity, traditional cardiovascular disease risk factors, functional disability, and sociodemographic data. Associa-
tions between RC and the independent variables were determined with logistic regression analyses.

Results: The prevalence of RC was 24%. RC was significantly associated [odds ratio (95% confidence interval)] with aerobic
capacity [0.28 (0.09-0.89), p = 0.030], low-intensity physical activity [0.77 (0.60-0.99), p = 0.048], body mass index [0.78 (0.70—
0.92), p = 0.002], waist circumference [0.96 (0.92-0.99), p = 0.023], body weight [0.94 (0.90-0.98), p = 0.004], and ESR at the time
of diagnosis [1.02 (1.00-1.05), p = 0.033]. All of these associations remained significant after adjusting for age and gender.

Conclusion: RC was highly prevalent in early RA. Patient outcome may be improved by detecting this condition early and

applying treatments for improving inflammation, aerobic capacity, physical activity, and body composition.

Rheumatoid arthritis (RA) has negative consequences on
functional ability, quality of life, and work disability (1).
RA also confers a higher risk of several comorbidities,
such as cardiovascular disease (CVD) and infections (2).
Patients can be affected by rheumatoid cachexia (RC),
which is characterized by reduced muscle mass and stable
or increased fat mass (3, 4). Cachexia comes from the
Greek word for ‘bad condition’ (5). Originally, the tumour
necrosis factor-o molecule, which has an important role in
the inflammatory process in RA, was named cachectin,
indicating its relation to the development of cachexia (6).
This condition has been described by several authors.
Engvall et al (7) defined RC as a fat-free mass index
(FFMI; kg/height®) below the 10th percentile and a fat
mass index (FMI; kg/height®) above the 25th percentile.
Elkan et al (8) defined RC as an FFMI below the 25th
percentile and an FMI above the 50th percentile. The
mechanism underlying RC is not fully understood, but it is
probably multifactorial. However, systemic inflammation,
long-term medication with corticosteroids, physical inactiv-
ity, and poor diet may comprise an underlying network.
Studies on the prevalence of RC among patients with
established RA have reported highly varied results; a 2018
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meta-analysis showed that the prevalence of RC varied
between 1% and 54% (9). This variation may be due to the
different criteria used to diagnose RC, the different assess-
ment methods, and the heterogeneity of the studied popu-
lations. In early RA, two studies reported that patients with
less than 1 year of disease duration had lower lean mass
and higher fat mass than controls (4, 10). Those results
suggested that preclinical and/or early changes in body
composition occurred during the course of the disease. To
the best of our knowledge, RC in early RA has not been
described previously, according to existing criteria.

The clinical importance of determining the prevalence
of RC is that this information may assist in detecting
patients with a poor prognosis, i.e. patients with an
increased risk of metabolic diseases (11), CVD (12),
infections (2), reduced physical function (13), and, poten-
tially, an increased risk of premature death (12, 14). Fac-
tors associated with RC may form the basis for hypotheses
about treatments that aim to improve patient outcome.

The present cross-sectional study aimed to describe
the prevalence of RC, and associated variables, in
a cohort of patients with early RA.

Method

This study was a part of a continuing structured pro-
gramme on early RA conducted at the Department of
Rheumatology, University Hospital of Umed, Umesd,
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Sweden. Eligible patients (n = 143) had RA symptoms
for no longer than 12 months before RA diagnosis in
2013-2016 (Figure 1). Inclusion criteria were: age 18 to
< 75 years and an RA diagnosis, based on criteria
established by the 2010 American College of Rheuma-
tology/European League against Rheumatism (ACR/
EULAR) (15). Exclusion criteria were: severe func-
tional limitations, severe cardiopulmonary disease,
and/or severe neurological disease.

The following were assessed in the 87 included patients
at inclusion in the study, i.e. after a median disease duration
of 15 months (range 11-30 months): total fat, lean mass,
and fat mass distribution were examined with dual-energy
X-ray absorptiometry (DXA; Lunar Prodigy X-ray Tube
Housing Assembly, Brand BX-11, Model 8743; GE Med-
ical Systems, Madison, WI, USA) (16). The percentage of
fat-free mass was calculated by dividing the fat-free mass
(g) by the total mass (g). The FMI was defined as the fat
mass (kg)/[height (m)]*; the FFMI was defined as the fat-
free mass (kg)/[height (m)]z. RC was defined as an FFMI
below the 10th percentile and an FMI above the 25th
percentile, based on data from a healthy reference popula-
tion (17), as proposed by Engvall et al (7). For comparison,
we also categorized patients according to the Elkan et al (8)
definition for RC, which was an FFMI below the 25th
percentile and an FMI above the 50th percentile.

Disease activity was calculated with the Disease Activity
Score in 28 joints (DAS28) (18), which included the physi-
cian’s examination of tenderness and swelling, the erythro-
cyte sedimentation rate (ESR), and the patient’s global
health, rated on a visual analogue scale. Analyses of
C-reactive protein (CRP), ESR, total cholesterol,
triglycerides, high-density lipoprotein (HDL), and low-
density lipoprotein (LDL) were performed with routine

Early RA <75 years diagnosed in
2013-2016 (n=143)
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clinical laboratory methods. Functional ability was assessed
with the Stanford Health Assessment Questionnaire (HAQ)
(19). Ten-year cardiovascular mortality risk was assessed
with the Systematic Coronary Risk Evaluation (SCORE)
(20). Waist circumference (WC) was measured with
a measuring tape. The subjects stood erect, and the waist
was measured to the nearest 0.5 cm, midway between the
iliac crest and the lower rib margin (21).

Aerobic capacity was assessed by the Astrand submax-
imal cycle test (22, 23). The calculation was adjusted with
the HUNT formula, which has been shown to predict the
maximal heart rate better than the original Astrand pre-
dictor (24). Physical activity data were collected with the
Actiheart monitor (CamNtech, Cambridge, UK), which is
a combined heart rate monitor and movement sensor.
Details on collecting aerobic capacity and physical activ-
ity data were described previously (25, 26).

All patients were interviewed by medical staff to
collect data on risk factors for CVD, previous CVD
events, chronic diseases, current medication, educa-
tional level, and employment situation. All cardiovas-
cular events were validated by reviewing the patients’
medical files. We also obtained ESR, CRP, and DAS28
from the time of diagnosis and after 6 months to assess
longitudinal associations between inflammation and RC.
Inflammatory load was calculated with the area under
the curve (AUC) (27) for ESR, CRP, and DAS28, based
on values collected at the time of diagnosis, at 6 months,
and the time of this study. Patients were also classified
as responders or no-responders to treatment according
to the EULAR criteria for treatment response (28).

All included patients provided informed consent
before the assessments. Patients received both verbal
and written information about the study, in accordance

Figure 1. Flowchart of the inclusion and exclu-
sion process. RA, rheumatoid arthritis.

Excluded (n=21)

Functional limitation (n=10)
Cardiopulmonary disease (n=8)
Neurological disease (n=2)

Pregnancy (n=1)

v
Invited to participate (n=122)

i Declined to participate (n=35)

A\

Agreed to participate and
included in the analysis (n=87)
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with the tenets of the Declaration of Helsinki. The study
was approved by the Ethics Committee at Umea Uni-
versity (Dnr 2014/356-31). All patients were treated in
accordance with standard clinical practices.

Statistics

Descriptive statistics are presented as the number and per-
centage, the mean value and standard deviation (sd), or the
median value and interquartile range (Q1-Q3), depending
on the variable and the data distribution. Differences
between groups were evaluated with the Mann—Whitney
U-test and chi-squared test, as appropriate. Univariate logis-
tic regression analyses were performed to analyse associa-
tions between the dependent variable (RC) and the
independent variables (age, gender, disease-related vari-
ables, aerobic capacity, physical activity, CVD risk factors,
and drug prescriptions). The results are expressed as the
odds ratio (OR) and 95% confidence interval (CI). In the
next phase, each independent variable was analysed in
a separate model adjusted for age and gender. Finally, the
variables that showed significance in the univariate analysis
were entered into multiple logistic regression modelling.
The Hosmer and Lemeshow test was used to assess model
estimations, and higher p-values indicated a better fit.
Nagelkerke’s pseudo-R” value is reported with each
model. The level of significance was set at p < 0.05. The
sample size calculation was based on aerobic capacity data,
originally performed for the first study on this study cohort
(25). We used R? = 0.2 for the calculations. A test to assess
the deviation of R? from zero in a linear regression model
was used to calculate the required sample size, i.e. the
sample size needed to reject R* = 0. The calculations
suggested that a sample size of at least 34 was needed to
achieve a power of 80% with a significance level of 0.05.
The calculation was determined using G*Power (version
3.1.9.2; University of Dusseldorf, Germany). All other
statistical calculations were performed with the SPSS (ver-
sion 26; IBM, Armonk, NY, USA).

Results

The prevalence of RC in this study was 24% (n = 21),
according to the Engvall et al definition, and 32% (n = 28),
according to the Flkan et al definition (Table 1). Patients
with RC had significantly lower aerobic capacity, FFMI,
BMI, WC, and body weight, and were also responders to
treatment to a higher degree compared to those without
RC. There were no significant differences between the
groups in terms of age, gender, disease activity, physical
activity level, serology, FMI, prescription of drugs, blood
pressure, 10 year CVD mortality risk, functional ability,
smoking habits, current working situation, or educational
level. The characteristics of the total group of 87 patients
are shown in Table 1.

www.scandjrheumatol.se
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Rheumatoid cachexia and associated variables

Univariate logistic regression analyses were performed to
explore the associations between the dependent variable
(RC) and independent variables of disease activity (CVD
risk factors, body composition, physical activity, and aero-
bic capacity). Cross-sectional analyses showed that with
every unit of decrease in aerobic capacity, physical activ-
ity, BMI, WC, or body weight, the probability of RC
increased. Longitudinal analyses indicated that, with
every unit of increase in ESR measured at the time of
diagnosis, the probability of RC 15 months later increased.
All remained significant after adjusting for age and gender
(Table 2). Logistic regression modelling showed the con-
tribution of each input variable to the probability of RC
and the significance of the association (Table 3).

Discussion
Prevalence

In this study, nearly one-quarter of the patients with early
RA had RC (24%). This percentage is slightly lower than
the 32% reported in a previous meta-analysis (9) on patients
with established RA. All the studies included in that meta-
analysis used the same assessment technique (DXA) and
the same clinical definition of RC (7) that were used in the
present study. However, another study on patients with
established RA found an RC prevalence of only 13%,
based on the same definition (29). The fact that RC was
prevalent in these patients, and to a similar extent in patients
with established RA (7, 9), implied that the changes in body
composition occurred preclinically, or very early in the
disease. An increased awareness regarding this early con-
sequence of RA may guide healthcare providers in choos-
ing appropriate interventions to improve patient outcome.

Rheumatoid cachexia and associated variables

Chronic inflammation is considered one of the most
important underlying causes of RC. In this study, RC
after 15 months of disease duration was positively asso-
ciated with the ESR measured at the time of diagnosis,
even after adjusting for age and gender. Disease activity
was previously reported to be associated with increased
fat mass in early RA (4, 10), and it was reported to be
associated with low lean body mass in established RA
(7, 30). Those findings implied that measurements of
ESR early in the disease may be important indicators of
RC. Inflammatory load over time was, however, not
associated with RC, probably because of the low dis-
ease activity achieved at the time of measurement of
RC. Nor was response to treatment associated with RC,
which implies that successful treatment per se does not
reduce the probability of RC. Similar phenomena have
been observed by others (13), and may call for rehabi-
litative interventions.
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Table 1. Characteristics of 87 patients with early rheumatoid arthritis (RA) and subgroups with and without rheumatoid cachexia

(RC).t

With RC vs

without RC
Characteristic All RA With RC Without RC p-value
Patients 87 (100) 21 (24) (7)1 66 (76) -

28 (32) (8)% 59 (68)

Age (years) 60 (47-68) 58 (48-67) 6 0 (47-68) 0.8
Disease duration (months) 15 (13-19) 15 (12-17) 15 (13-20) 0.3
ACPA positive 57 (66) 15 (71) 42 (64) 0.5
RF positive 67 (77) 16 (76) 51 (77) 0.9
DAS28 score at inclusion (n = 86) 2.7 (1.6-3.6) 2.2 (1.5-3.2) 2.8 (1.9-3.6) 0.1
CRP at inclusion (mmol/L) 2.2 (0.9-4.9) 2.1 (1.0-5.0) 2.5 (0.9-4.8) 0.8
ESR (at time of diagnosis (mm/h) (n = 86) 25.0 (11.0-40.8) 34.0 (21.0-61.0) 24.0 (10.5-37.5) 0.08
ESR (at inclusion (mm/h) (n = 86) 12.0 (6.0-19.0) 14.0 (6.5-21.5) 11.5 (6.0-19.2) 0.7
HAQ score (n = 86) 0.38 (0.0-0.38) 0.38 (0.0-0.75) 0.38 (0-0.82) 0.9
DMARDs 81 (93) 19 (90) 62 (94) 0.6
Biological agents 12 (14) 1(5) 11 (17) 0.2
Corticosteroids 23 (26) 5 (24) 18 (27) 0.8
Response to treatment (n = 83) 65 (78) 19 (95) 46 (73) 0.04*
Aerobic capacity (L 0,/min) (n = 67) 2.2 (1.9-2.7) 2.0 (1.5-2.6) 2.3 (2.0-2.8) 0.04*
Aerobic capacity (mL 0/kg/min) (n = 67) 29.7 (26.1-37.3) 28.3 (23.6-37.2) 30.2 (26.1-37.3) 0.7
LPA (h/day) (n = 82) 6.8 (5.4-7.8) 6.2 (4.0-7.7) 6.9 (5.7-8.1) 0.1
MVPA (h/day) (n = 79) 0.7 (0.2-1.4) 1.0 (0.4-1.6) 0.5 (0.2-1.1) 0.1
WC (cm) 95+ 15 90 (80-96) 97 (87-106) 0.01*
BMI (kg/m?) 26.2 (23.5-30.4) 23.5 (21.3-26.4) 26.7 (24.1-31.3) < 0.001*
Body weight (kg) 74.3 (65.7-85.5) 66.3 (59.4-75.3) 77.1 (66.5-88.4) 0.002*
FFMI (kg/mz) 16.2 (15.2-18.1) 13.9 (13.6-15.8) 16.7 (15.7-18.4) < 0.001*
FMI (kg/mz) 9.7 (7.6-13.6) 8.8 (7.1-11.5) 9.9 (7.8-14.7) 0.2
Cholesterol (mmol/L) (n = 86) 50+ 1.0 5.0 (4.2-6.0) 5.1 (4.1-5.8) 0.6
HDL (mmol/L) (n = 86) 1.5+ 05 1.7 £ 0.55 1.46 + 0.46 0.06
Current smoker 11 (13) 3(14) 8 (11) 0.8
10 year CVD mortality risk (20) (%) (n = 86) 1.5 (0.0-3.0) 1.5 (0.0-3.8) 1.5 (0.0-3.0) 0.7
Currently working 46 (53) 10 (48) 36 (55) 0.6
Higher education 41 (47) 11 (52) 30 (45) 0.6

Data are presented as n (%), median (Q1-Q3), or mean * sd.

RC defined according to TEngvall et al (7): fat-free mass index (FFMI) < 10th percentile and fat mass index (FMI) > 25th percentile;
or Elkan et al (8): FFMI < 25th percentile and FMI > 50th percentile. All patients who were classified as moderate or good
responders to treatment were grouped as responders; the remaining patients were grouped as non-responders.

*Significant difference (p < 0.05).

ACPA, anti-citrullinated protein antibodies; RF, rheumatoid factor; DAS28, Disease Activity Score in 28 joints; CRP, C-reactive
protein; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; DMARD, disease-modifying anti-rheumatic
drug; LPA, low-intensity physical activity; MVPA, moderate- to vigorous-physical activity; WC, waist circumference; BMI, body
mass index; FFMI, fat-free mass index; FMI, fat mass index; HDL, high-density lipoprotein; CVD, cardiovascular disease.

One subcriterion for an RC diagnosis is a reduced FFML
This criterion may be particularly important, because even
a 5% loss of body cell mass, which comprises mostly
muscle mass, has been associated with increases in the
risk of infection and impaired cell metabolism (31). The
other criterion for an RC diagnosis is maintained or
increased fat mass; thus, we expected RC to be positively
associated with variables related to body mass. However,
we found that the BMI, body weight, and WC were all
inversely associated with RC, i.e. the probability of RC
increased as these variables decreased. This finding may
be explained by fact that our patients with RC had signifi-
cantly lower FFMIs, but similar FMIs, compared to those
without RC. Previous research suggests that FFMI can be
improved with targeted strength exercise programmes (32).

RC was inversely associated with aerobic capacity,
when it was expressed in L O,/min, but not when it was
adjusted for body weight. This result may reflect another
aspect of the lower FFMI, BMI, WC, and body weight
found in patients with RC compared to those without RC
in this study. Earlier studies linked RC with low subjec-
tively reported physical activity (29) and poor physical
function (13, 33). In this study, low-intensity physical
activity was inversely associated with RC. This study
may be the first to measure physical activity objectively
in patients with RC. In the clinical setting, assessments of
aerobic capacity and physical activity may contribute
towards identifying patients with increased risk of RC.
Interventions that aim to improve aerobic capacity and
physical activity may improve RC.

www.scandjrheumatol.se
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Table 2. Univariate logistic regression results for 87 patients with early rheumatoid arthritis, with rheumatoid cachexia (RC)t as the
dependent variable.

Variable OR 95% CI
Age, per year 0.99 0.96-1.03
Gender, women =1 0.76 0.26-2.16
Disease duration, per month 0.95 0.84-1.07
Response to treatment, yes = 1 1.02 0.87-56.6
DAS28 at inclusion, per unit 0.71 0.43-1.06
DAS28-AUC, per unit 0.98 0.95-1.001
CRP at inclusion, per mg/L 0.95 0.85-1.07
CRP-AUC, per unit 1.001 0.99-1.01
ESR at time of diagnosis, per mm/h (n = 86) 1.02 1.00-1.05*§
ESR at inclusion, per mm/h (n = 86) 1.02 0.97-1.07
ESR-AUC, per unit (n = 86) 1.002 0.99-1.01
HAQ, per unit 0.79 0.27-2.30
DMARD users, yes =1 0.61 0.10-3.61
Biological agent users, yes = 1 0.25 0.03-2.06
Corticosteroid users, yes = 1 0.83 0.27-2.61
Aerobic capacity, per L 0y/min (n = 67) 0.28 0.09-0.89%8
Aerobic capacity, per mL Qy/kg/min (n = 67) 0.98 0.92-1.05
LPA, per h/day (n = 82) 0.77 0.60-0.99%8
MVPA, per h/day (n = 79) 1.50 0.82-2.76
BMI, per kg/m? 0.78 0.70-0.92*§
WC, per cm 0.96 0.92-0.99%8
Body weight, per kg 0.94 0.90-0.98%*8
Current smoker, yes = 1 1.40 0.33-6.00

Data are shown as the odds ratio (OR) and 95% confidence interval (Cl).

tRC defined according to Engvall et al (7): fat-free mass index (FFMI) < 10th percentile and fat mass index (FMI) > 25th percentile.
All patients who were classified as moderate or good responders to treatment were grouped as responders, the remaining patients
were grouped as non-responders (28).

DAS28, Disease Activity Score in 28 joints; AUC, area under the curve; CRP, C-reactive protein; ESR, erythrocyte sedimentation
rate; HAQ, Health Assessment Questionnaire; DMARD, disease-modifying anti-rheumatic drug; LPA, low-intensity physical activity;
MVPA, moderate- to vigorous-intensity physical activity; BMI, body mass index; WC, waist circumference.

*p < 0.05 in the univariate analysis; 8p < 0.05 in the adjusted analysis.

Table 3. Logistic regression model results for patients with early rheumatoid arthritis, with rheumatoid cachexia.t

Model 1 2 3 4

Age, per year 0.99 (0.96-1.03)
Gender, women =1 0.71 (0.24-2.10) 0.70 (0.22-2.19)
ESR, at time of diagnosis, per mm/h - 1.03* (1.01-1.05)
Aerobic capacity, per L 0y/min - -

Body weight, per kg

0.98 (0.94-1.01) 0.93* (0.88-0.99)
0.17 (0.03-1.05)
1.03 (0.99-1.06)

0.09* (0.02-0.49)

0.93* (0.87-0.99)
0.10* (0.01-0.72)
1.04* (1.00-1.08)
0.15* (0.03-0.77)
0.90* (0.85-0.98)

Nagelkerke R? 0.01 0.1 0.32 0.48
Hosmer and Lemeshow test 0.29 0.22 0.09 0.68
Number of observations 87 87 67 67

Data are shown as odds ratio (95% confidence interval).

tRC defined according to Engvall et al (7): fat-free mass index (FFMI) < 10th percentile and fat mass index (FMI) > 25th percentile.
ESR, erythrocyte sedimentation rate.

*p < 0.05.

Systemic and local effects of corticosteroids may con-
tribute to the loss of muscle mass (34, 35). In this study,
26% of patients were prescribed corticosteroids; however,
no association was found between RC and current corticos-
teroid prescriptions, or any other medication. A potential
explanation for this finding could be the low disease activ-
ity, which required low corticosteroid doses. Our data were
categorized as non-prescription or prescription; thus, we did
not analyse specific doses.

www.scandjrheumatol.se

A uniform definition of rheumatoid cachexia

To date, no uniform definition of RC has been estab-
lished. In a meta-analysis conducted in 2018 (9), six out
of eight studies used the Engvall et al (7) definition of
RC. However, an additional definition was proposed by
Elkan et al (8). In the present study, the prevalence of
RC based on the Engvall et al definition was lower than
the prevalence based on the Elkan et al definition.
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Similar differences were reported in previous studies.
One study found a more obvious difference between the
Engvall et al and the Elkan et al definitions (29), but
others reported more subtle differences (8). The defini-
tion from Engvall et al provided a lower prevalence,
probably due to the subcriterion of FFMI below the
10th percentile. Until standard criteria have been estab-
lished, we suggest using caution when comparing
results from different studies.

Strengths and limitations

The main strength of this study was the well-defined
population of patients with early RA. Other strengths are
that all patients were recruited from the only unit for
rheumatology in the region, which cares for all patients
with early RA, and that a large proportion of patients who
were invited agreed to participate. The study results may
therefore be applicable to other populations with early RA
in Sweden and northern Europe. This study also had some
limitations. First, the cross-sectional design prevented us
from drawing conclusions regarding causality between the
variables. Secondly, the patients who received beta-
blocking agents, which reduce the maximal heart rate,
did not perform the aerobic capacity test. Consequently,
the group of patients who may have had the lowest aerobic
capacity did not participate in the analysis. Thirdly, we
lack data on potential confounders, such as longitudinal
dietary data and long-term exercise data, which may have
influenced the results.

Conclusion

RC was highly prevalent in this cohort of patients with
early RA. Thus, RC may be considered an early con-
sequence of RA. Our findings suggested that RC was
more likely to develop in patients with a high initial
ESR, low levels of aerobic capacity and physical activ-
ity, and low BMI, body weight, and WC. Treatment
methods to improve these factors and an increased
awareness of this condition may have a positive effect
on patient outcome.
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