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Does Rheumatoid Cachexia Predispose Patients with
Rheumatoid Arthritis to Osteoporosis and Vertebral
Fractures?
Abdellah El Maghraoui, Siham Sadni, Asmaa Rezqi, Ahmed Bezza, Lahsen Achemlal, 
and Aziza Mounach

ABSTRACT Objective. To assess the prevalence and risk factors of rheumatoid cachexia (RC) and evaluate its
relationship with osteoporosis and vertebral fractures (VF) in patients with rheumatoid arthritis (RA).
Methods.We enrolled into a cross-sectional study 178 consecutive patients with RA (82.6% women)
with a mean age of 54.1 ± 11.5 years (25–82) and who fulfilled the American College of Rheumatology
criteria for the classification of RA. Body composition, lateral VF assessment images, and scans of
the lumbar spine and proximal femur were obtained using dual-energy x-ray absorptiometry. RC was
defined by a fat-free mass index below the 10th percentile and a fat mass index above the 25th
percentile compared with a reference population. VF were defined using Genant semiquantitative
approach.
Results. RC was observed in 96 patients (53.9%) and osteoporosis in 52 patients (29.2%). Comparison
between women with and without RC showed that women with RC had a longer disease duration,
higher disease activity variables, higher steroid cumulative dose, and higher proportion of patients
with erosive arthritis. Women with RC had lower total hip bone mineral density (BMD) and T score
than women without RC, while comparison in men found only body mass index to be significantly
lower in men with RC. Regression logistic analysis showed an independent and significant association
between RC and age and disease activity in women.
Conclusion. Our study showed that half of the patients with RA may have RC, a condition that was
significantly associated with disease activity and low hip BMD, but not with VF. (J Rheumatol First
Release August 1 2015; doi:10.3899/jrheum.141629)
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Rheumatoid arthritis (RA) is a chronic systemic inflam-
matory disease of unknown etiology that is associated with
reduced life expectancy and causes destruction of joint
cartilage and bone. It affects nearly 1% of the population and
predominates among women. Many studies have identified
changes in body composition as contributing to the increased
morbidity, as well as the mortality, associated with RA1.
Hypermetabolism and protein degradation linked to the
proinflammatory cytokines induced by the disease cause
reduction of fat-free mass (FFM), often associated with
increased fat mass (FM) and thus with little or no weight loss,

and a maintained body mass index (BMI). This combined
condition has been called “rheumatoid cachexia” (RC)2,3.
Because no consensual definition of cachexia exists, the
prevalence of malnutrition, including RC, in RA varies with
definitions, methods, and populations, and is reported to
range between 26% and 71%4.

It has been shown that lean body mass (LBM) loss is a
predisposing factor of osteoporosis and sarcopenia in the
elderly and is associated with an increased risk of falls
attributed to decreased muscle strength and protective
reflexes5. Although data on the consequences of this osteo -
sarcopenic obesity in patients with RA are extremely limited,
it is reasonable to infer its negative effect in a population that
is fragile. It is likely that these individuals will present with
poorer clinical outcomes caused by the cascade of metabolic
abnormalities associated with these changes in body compo-
sition. Clinical outcomes include but are not limited to
increased risk of fractures, impaired functional status
(including activities of daily living), physical disability,
insulin resistance, increased risk of infections, increased
length of hospital stay, and reduced survival6,7.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


Several studies have shown an increased prevalence of
osteoporosis and vertebral fractures (VF) in patients with
RA8,9,10,11,12,13. VF are the most common type of fragility
fracture. They are associated with chronic back pain, loss of
height, kyphosis, reduced pulmonary function, abdominal
discomfort, disability, and death14,15. VF assessment (VFA)
is a relatively new method of diagnosing vertebral defor-
mities16,17,18. VFA has demonstrated use for vertebral visual-
ization and thus is an important tool for fracture detection in
women19 and men20. The combination of low radiation
exposure, high technical reproducibility, and easy data
storage renders the method attractive in groups of patients at
increased risk of osteoporosis already likely to have to
repeated dual-energy x-ray absorptiometry (DEXA) measure-
ments for evaluation of bone mineral density (BMD). The
cause of osteoporosis in RA is believed to be multifactorial,
with inflammation, inactivity, and the use of corticosteroids
contributing to the decreased BMD. There may be a direct
link between muscle depletion and osteoporosis in RA
because LBM is correlated with BMD of the spine and hip,
and is a strong independent predictor of bone mass. However,
to our knowledge, the particular role of the relationship
between RC and bone loss consequences has never been
studied before.

Because of BMI being generally maintained by the
parallel body cell mass decline and increase in body FM, the
identification of RC relies on measurement of body compo-
sition. DEXA is now considered as the gold standard for the
evaluation of body composition. This technique permits the
assessment of BMD and also the evaluation of asymptomatic
VF using VFA. Thus, the purpose of our study was to assess
the prevalence and risk factors of cachexia and evaluate its
relationship with osteoporosis and VF in patients with RA.

MATERIALS AND METHODS
Patients. The study group consisted of 178 consecutive patients with RA
who fulfilled the American College of Rheumatology (ACR) criteria for the
classification of RA and who were seen in the Rheumatology Department
of the Military Hospital of Rabat, Morocco, between June and December
2013. Demographic, patient, and disease characteristics, including conven-
tional RA disease core measurements, were recorded by interview and
clinical examination. Disease duration was defined as the time elapsed
between the onset of first disease-related symptoms and enrollment. Joint
assessment included 28-joint swollen joint counts and 28–joint tender joint
count. The Disease Activity Score at 28 joints (DAS28) was measured21.
Radiological status was assessed through the clinical file as erosive arthritis
or not. The patients signed an informed consent and the study was approved
by the local ethics committee and was performed in accordance with the
Helsinki declaration.
BMD measurements. BMD was determined by a Lunar Prodigy Vision
DEXA system (Lunar Corp.). The DEXA scans were obtained by standard
procedures supplied by the manufacturer for scanning and analysis. All BMD
measurements were carried out by 2 experienced technicians. Daily quality
control was carried out by measurement of a Lunar phantom. At the time of
the study, phantom measurements showed stable results. The phantom
precision expressed as the coefficient of variation percentage was 0.08.
Moreover, reproducibility has been assessed in clinical practice and showed
a smallest detectable difference of 0.04 g/cm2 (spine) and 0.02 g/cm2

(hips)22. Patient BMD was measured at the lumbar spine (anteroposterior
projection at L1–L4) and at the femurs (i.e., femoral neck, trochanter, and
total hip). Using the US National Health and Nutrition Examination Survey
normative data, the World Health Organization (WHO) classification system
was applied, defining osteoporosis as T score ≤ –2.5 and osteopenia as –2.5
< T score < –1. Study participants were categorized by the lowest T score of
the L1–L4 lumbar spine, femur neck, or total femur.
VF assessment. Imaging performance could be obtained by lateral spine
imaging when performing BMD measurement using DEXA, with specific
software, the so-called VFA. VFA was classified using a combination of
Genant semiquantitative (SQ) approach23 and morphometry in the following
manner: each VFA image was inspected visually by 2 readers (AM, SS),
who had a previous training session in VFA, to decide whether it contained
a fracture in any of the visualized vertebrae. Each vertebra that was judged
as fractured by visual inspection was measured using built-in morphometry
and assigned a grade based on Genant SQ scale, where Grade 1 (mild)
fracture is a reduction in vertebral height of 25%, Grade 2 (moderate) is a
reduction of 26–40%, and Grade 3 (severe) is a reduction of over 40%.
Subjects with no fractures were included in the nonfracture group, whereas
those with Grade 1 or higher fracture were included in the fracture group.
Cachexia variables assessment. All anthropometric measures were taken
following standard procedures by the same trained investigator. BMI was
calculated from weight/height2 (kg/m2). The subjects were weighed to the
nearest 0.1 kg, and standing height was measured to the nearest 0.1 cm. In
accordance with WHO standards, individuals with BMI values < 18.5 kg/m2
were considered underweight, between 18.5 kg/m2 and 24.9 kg/m2 as
normal, 25 kg/m2 and 29.9 kg/m2 as overweight, and with values greater
than 30 kg/m2 as obese24. Mid-upper arm circumference and waist circum-
ference were measured using a plastic, inelastic, flexible belt-type measuring
tape to the nearest 0.5 cm.

Body composition was measured with total body DEXA using the same
machine. Using specific anatomic landmarks, legs, arms, and trunk were
isolated on the skeletal radiograph anterior view planogram using the DEXA
system’s automated software. The DEXA software then provided composi-
tional estimates of legs, arms, trunk, head, and whole body. Scans were
performed with the subject wearing light indoor clothing and with no
detachable metal objects present. DEXA is considered a valid method to
estimate body composition in patients with RA25. The precision of soft tissue
analysis for a Lunar Prodigy is 1% for FFM and 2% for FM26. FFM and FM
were expressed in absolute kilogram, and FM also as percentage of total
mass. The normal reference value for FM percent is 20% to 30% for women
and 12% to 20% for men27. FFM index (FFMI; kg/m2) and FM index (FMI;
kg/m2) were also calculated. Age-matched and sex-matched data from a
Swiss population of healthy adults (2986 men and 2649 women) were used
to classify low FFM or excess FM28. Cutoff values for low muscle mass
were defined as FFMI values below the 10th percentile, corresponding to
FFMI below 13.7–14.7 kg/m2 for women and 16.9–17.6 kg/m2 for men,
depending on age. Obesity was defined as FMI above the 90th percentile,
corresponding to FMI above 8.8–13.5 kg/m2 for women and 7.2–9.0 kg/m2
for men, also depending on age. Because there were no established criteria
for RC, we used the definition by Engvall, et al29, who categorized the
patients as rheumatoid cachectic if FFMI was below the 10th percentile and
FMI above the 25th percentile.
Mini nutritional assessment (MNA). The MNA (0–30 points) is a dietary
questionnaire including questions related to the number of meals, food and
fluid intake, and autonomy of feeding. It is a subjective assessment of
self-perception of health and nutrition that also includes questions related to
lifestyle, medication, and morbidity, and anthropometrical measurements
(e.g., weight, height, and weight loss). The MNA classifies individuals with
adequate nutritional status (> 23.5 points), risk for malnutrition (17–23.5
points), and malnutrition (< 17 points)30.
Statistical analysis. Statistics Package for Social Sciences (SPSS Inc.) was
used for statistical analyses. Results are expressed in mean ± SD. Prevalence
of RC, osteoporosis, and VF was calculated. Data are presented as mean
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(95% CI) or median (interquartile range), depending on whether the data
were normally distributed. Differences between patient groups were assessed
using the Student t test and Mann-Whitney U test, depending on the distri-
bution of the analyzed variable.

Correlations between demographic characteristics and DEXA variables
(BMD and body composition) were assessed using the nonparametric
Spearman test. Risk factors of RC were tested for significance using the
Student t test for quantitative variables and the chi-square test for qualitative
variables. Significant risk factors associated with RC in the univariate analysis
were entered to a stepwise conditional binary logistic regression analysis and
the resulted OR with 95% CI were reported. Finally, classical risk factors
associated with osteoporosis were entered to a stepwise conditional binary
logistic regression analysis with osteoporosis as the dependent variable.

RESULTS
Patient demographics. In this cohort of 178 patients with RA
[147 women (82.6%) and 31 men], the mean ± SD (range)
age, weight, and disease duration were 54.1 ± 11.5 years
(25–82), 72.2 ± 13.1 kg (42–125), and 8.9 ± 7.4 years (1–36),
respectively. All patients were white and were taking
low-dose corticosteroids and calcium/vitamin D supplements.
Details of clinical, biological, and radiological variables of
these patients are reported in Table 1.
Anthropometrical assessments, BMD, and body composition
measurement. RC, as defined previously, was observed in 96
patients (53.9%): 79/147 (53.7%) in women and 17/31
(54.8%) in men. Osteoporosis (defined as the lowest T score
below –2.5) was observed in 52 patients (29.2%). Com -

parison between women with and without RC showed that
the patients with RC were younger and weighed less, and had
a longer disease duration, higher RA symptomatic severity
variables, higher steroid cumulative dose, and higher
proportion of patients with erosive arthritis. They had lower
total hip BMD and T scores than women without RC, while
comparison between men found only BMI to be significantly
lower in men with RC (Table 2).
Vertebral visualization and fracture identification on VFA.
In these 178 patients, 56.6% of vertebrae from T4–T6 and
99.7% from T7–L4 were adequately visualized on VFA.
Grade 2/3 VF were detected in 6.8% (12/178) of these
patients while Grade 1 VF were detected in 54/178
(30.3%).
Data analysis. Correlations analyses between anthropometric
variables and DEXA variables (body composition and BMD)
showed that FFMI has a significant positive correlation with
BMI, brachial circumference, waist circumference, and total
hip BMD (Table 3).

Regression logistic analysis with the presence of RC as
the dependent variable showed an independent and signifi -
cant association with age and disease activity in women with
RA (Table 4). Regression logistic analysis with the presence
of osteoporosis as the dependent variable showed only
independent and significant association with age and BMI in
patients with RA (Table 5).
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Table 1.Demographic and clinical variables of patients with RA (n = 178). Values are mean (SD) unless otherwise
specified.

Variables Values Minimum Maximum

Age, yrs 54.1 (11.5) 25 82
Female/male 147 (82.6%)/31 
Height, cm 160 (7.6) 141 187
Weight, kg 72.2 (13.1) 42 125
BMI, kg/m2 28.2 (4.7) 16.6 41.3
Disease duration, yrs 8.9 (7.4) 1 36
Steroid cumulative dose, g 190.1 (202.9) 0 1240.0
CRP, mg/l 17.5 (23.0) 1 161
ESR, mm/h 31.7 (21.4) 2 100
DAS28 4.3 (1.6) 1.0 7.9
RF-positive, n (%) 116/158 (65.2)
Anti-CCP–positive, n (%) 110/148 (74.3)
MNA 1.1 (0.3) 1 3
WC, cm 97.8 (12.4) 43 139
BC, cm 31.4 (9.2) 20 138
LS BMD, g/cm2 0.979 (0.19) 0.509 1.980
TH BMD, g/cm2 0.881 (0.15) 0.491 1.369
LS T score –1.52 (1.48) –5.40 2.70
TH T score –1.17 (1.28) –4.50 2.80
Osteoporosis any site, n (%) 52 (29.2)
T score < –1.5, n (%) 101 (56.7)
FFMI, kg/m2 14.9 (1.9) 10.6 21.7

RA: rheumatoid arthritis; BMI: body mass index; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate;
DAS28: 28-joint Disease Activity Score; RF: rheumatoid factor; anti-CCP: anticyclic citrullinated peptide
antibodies; MNA: mini nutritional assessment; WC: waist circumference; BC: brachial circumference; LS: lumbar
spine; BMD: bone mineral density; TH: total hip; FFMI: fat-free mass index.
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DISCUSSION
Our study shows that most of our patients with RA had RC
while being considered either overweight or obese according
to the classical BMI classification. This situation remains
similar even if we consider the cutoffs proposed by
Stavropoulos-Kalinoglou, et al31 that showed that patients
with RA exhibited increased body fat values for a given BMI
compared with healthy controls and suggested that BMI
cutoff points in the RA population would be more appro-
priate if they were reduced by about 2 kg/m2 (to 23 kg/m2

and 28 kg/m2 for overweight and obesity, respectively).
Moreover, RC was significantly associated with disease
activity.

RC has been described and analyzed in a series of studies
and reviews that showed evidence of cachexia in two-thirds
of patients with RA with muscle wasting and often compen-
satory increase in FM, the so-called cachectic-obesity, with
loss of weight or BMI being uncommon2. However, because
there is no standard definition of this condition, the frequency
of RC varies widely across the studies32. Thus, the prevalence
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Table 2. Comparison between patients with and without rheumatoid cachexia. Values are mean (SD) unless otherwise specified.

Characteristics Women with Women without  p Men with Men without p Patients with Patients without p
Cachexia, Cachexia, Cachexia, Cachexia, Cachexia, Cachexia, 

n = 79 n = 68 n = 17 n = 14 n = 96 n = 82

Age, yrs 51.8 (10.3) 56.4 (12.3) 0.016 53.3 (10.7) 57.0 (12.8) NS 52.1 (10.3) 56.5 (12.4) 0.011
Weight, kg 67.1 (9.3) 75.8 (16.6) 0.018 71.9 (14.1) 84.0 (14.1) NS 68.0 (10.4) 77.2 (14.2) 0.0001
Height, cm 158.4 (5.5) 157..2 (6.9) NS 169.5 (5.0) 171.7 (4.3) NS 160.4 (8.5) 159.7 (8.5) NS
BMI, kg/m2 26.9 (3.6) 30.6 (4.6) 0.0001 24.8 (4.3) 28.5 (6.6) 0.0001 26.5 (3.7) 30.2 (5.0) 0.0001
Disease duration, yrs 10.8 (7.9) 7.5 (7.3) 0.011 7.2 (4.7) 6.3 (4.1) NS 10.2 (7.6) 7.3 (6.8) NS
Steroid cumulative dose, g 260.2 (25.0) 133.2 (14.5) 0.002 137.4 (12.3) 157.0 (11.5) NS 2.38 (2.3) 1.38 (1.3) 0.003
RF-positive, n (%) 43 (63.2) 51 (64.6) NS 12 (70.6) 10 (71.4) NS 54 (87.1) 66 (82.5) NS
Anti-CCP–positive, n (%) 44 (78.6) 46 (73.0) NS 12 (80) 8 (57.1) NS 48 (81.4) 66 (77.6) NS
DAS28 4.73 (1.5) 3.98 (1.5) 0.006 4.10 (1.4) 4.42 (1.8) NS 4.62 (1.5) 4.06 (1.6) NS
CRP, mg/l 19.4 (22.4) 18.5 (27.8) NS 9.7 (11.0) 11.6 (8.7) NS 17.7 (21.2) 17.2 (25.5) NS
Erosive arthritis, n (%) 63 (84.0) 42 (67.7) 0.026 10 (62.5) 6 (46.2) NS 73 (80.2) 48 (64.0) 0.026
BC, cm 29.6 (3.8) 34.0 (13.5) 0.006 30.2 (6.9) 30.4 (3.7) NS 29.7 (4.5) 33.4 (12.5) 0.007
WC, cm 94.1 (11.1) 102.2 (11.8) 0.0001 93.9 (10.1) 102.8 (16.4) NS 94.0 (10.9) 102.3 (12.6) 0.0001
MNA 1.08 (0.2) 1.10 (0.3) NS 1.29 (0.5) 1.00 (0.1) NS 1.11 (0.3) 1.09 (0.2) NS
LS BMD 0.939 (0.17) 0.997 (0.21) NS 1.051 (0.16) 1.03 (0.19) NS 0.958 (0.17) 1.002 (0.21) NS
LS T score –1.75 (1.4) –1.41 (1.5) NS –1.07 (1.27) –1.29 (1.5) NS –1.63 (1.4) –1.39 (1.5) NS
TH BMD 0.820 (0.14) 0.917 (0.16) 0.0001 0.938 (0.12) 0.978 (0.14) NS 0.840 (0.14) 0.928 (0.16) 0.0001
TH T score –1.64 (1.1) –0.89 (1.3) 0.0001 –0.71 (1.0) –0.41 (1.0) NS –1.48 (1.1) –0.81 (1.3) 0.001
FMI 12.0 (2.9) 14.0 (3.7) 0.0001 9.6 (3.9) 9.5 (4.9) NS 11.6 (3.2) 13.2 (4.2) 0.005
FFMI 13.4 (1.0) 15.7 (1.3) 0.0001 15.8 (2.0) 18.1 (2.0) 0.0001 13.9 (1.3) 16.1 (1.7) 0.0001
Grade 2/3 VF, n (%) 6 (7.6) 5 (7.4) NS 1 (5.9) 0 (0.0) NS 5 (6.1) 7 (7.3) NS

BMI: body mass index; RF: rheumatoid factor; anti-CCP: anticyclic citrullinated peptide antibodies; DAS28: 28-joint Disease Activity Score; CRP: C-reactive
protein; BC: brachial circumference; WC: waist circumference; MNA: mini nutritional assessment; LS: lumbar spine; BMD: bone mineral density; TH: total
hip; FMI: fat mass index; FFMI: fat-free mass index; VF: vertebral fractures; NS: not significant.

Table 3. Correlations between some patient characteristics, DAS28, and DEXA data in patients with RA.

Characteristics BMI DAS28 MNA BC WC LS BMD TH BMD FFMI FMI

Age, yrs 0.10 0.12 0.05 –0.3 –0.24** –0.36** –0.26** 0.12 0.04
BMI 0.009 –0.17* 0.36** 0.70** 0.23** 0.40** 0.51** 0.75**
DAS28 0.15* –0.06 –0.08 –0.14 –0.17* –0.10 –0.03
MNA –0.12 –0.16* –0.07 –0.13 –0.12 –0.14
BC 0.30** 0.23** 0.27** 0.18* 0.36**
WC 0.06 0.23** 0.45** 0.53**
LS BMD 0.72** 0.14 0.21**
TH BMD 0.42** 0.28**
FFMI 0.21**

* p < 0.05. ** p < 0.01. DAS28: 28-joint Disease Activity Score; DEXA: dual-energy x-ray absorptiometry; RA: rheumatoid arthritis; BMI: body mass index;
MNA: mini nutritional assessment; BC: brachial circumference; WC: waist circumference; LS: lumbar spine; BMD: bone mineral density: TH: total hip; FFMI:
fat-free mass index; FMI: fat mass index.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


of RC depends upon the definition used and on what degree
of reduction of muscle mass is considered to be significant33.

Roubenoff, et al34 found that 67% of patients had RC,
using the 50th percentile of the reference population as the
ideal for arm muscle circumference. Taking 80% of this ideal
as a cutoff, cachexia was diagnosed in 14% of the patients
by Helliwell, et al35 and 28.8% of the patients by Fukuda, et
al36. Using the more stringent 10th percentile of the reference
population as a cutoff, Munro and Capell37 found that 50%
of the RA population was below this level whereas
Hernandez-Beriain, et al38 found that 24% of patients with
RA were beneath it.

In our study, we used the definition proposed by Engvall,
et al29, who categorized the patients as rheumatoid cachectic
if FFMI was below the 10th percentile and FMI above the
25th percentile of a reference population from Switzerland28.
Using the same definition, Elkan, et al39 found RC in 18%
of the women and 21% of the men from a series of 80 patients
with RA (76% were women). Recently, using the same
definition but with skinfold measurements, Lombard, et al
found RC in 12/117 patients (10.3%) in a South African
series of patients with RA40.

While arm circumference and waist circumference were
correlated to DEXA variables in our study, MNA test could
not discriminate patients with or without RC, as it was the
case in the Elkan, et al study39, which may reflect the fact
that MNA is primarily developed to assess malnutrition
among the elderly.

Although it is well known that people lose weight during
acute or chronic systemic diseases, there are surprisingly few
data about weight changes in RA. Clinically, body weight or

BMI are used to assess the nutritional status of a patient. It
has already been noted that reduction in BMI is a marker for
severe rheumatoid disease. However, it is now clear that
relying on BMI alone to identify RC is not appropriate
because the concurrent presence of a low FFM and a high
FM makes BMI an insensitive measure. Thus, in the presence
of normal BMI, analysis of body composition may provide
valuable insights into disease activity and outcome.
Significant correlations have been found between depletion
of lean mass and the number of swollen joints, erythrocyte
sedimentation rate, C-reactive protein, and the presence of
extraarticular disease38,41,42. Strong correlations have been
found between the degree of depletion of muscle mass and
the effect of RA as measured by ACR functional class43, the
Steinbrocker disease stage38, and the Health Assessment
Questionnaire score41.

Cachexia is different from sarcopenia, a term that is
usually reserved for age-related skeletal muscle loss or
isolated loss of muscle in the context of dieting, physical
immobility, or growth hormone deficiency. The cachexia and
muscle wasting found in our study could not reflect only the
changes in body composition that occur with age because
FFM was lower in younger subjects.

In the present cohort of patients, we found that DAS28
differed between women with and without RC. Thus, the
inflammation per se might have contributed to the
derangement in body composition found here and also
described previously42. The difference did not reach signifi-
cance in men, probably because of the low number of men
in our series.

Early mortality has decreased among patients with RA
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Table 4. Regression logistic analysis with the presence of rheumatoid cachexia as the dependent variable. Values are OR (95% CI) unless otherwise specified.

Variables Women p Men p Total Population p

Age, yrs 0.962 (0.928–0.977) 0.033 0.957 (0.882–1.039) 0.299 0.963 (0.933–0.993) 0.018
Disease duration, yrs 1.009 (0.943–1.078) 0.8 1.050 (0.772–1.429) 0.754 1.008 (0.947–1.073) 0.804
Active disease, DAS28 > 3.2 3.262 (1.385–7.685) 0.007 1.905 (0.288–12.612) 0.504 2.77 (1.298–5.940) 0.008
Erosive disease 1.395 (0.535–3.639) 0.496 4.599 (0.537–39.358) 0.164 1.610 (0.711–3.646) 0.253
Cumulative dose of steroids 1.003 (1.000–1.006) 0.062 0.994 (0.983–1.006) 0.334 1.002 (1.000–1.005) 0.112

DAS28: 28-joint Disease Activity Score.

Table 5. Regression logistic analysis with the presence of osteoporosis any site (T–score ≤ –2.5) as the dependent variable. Values are OR (95% CI) unless
otherwise specified.

Variables Women p Men p Total Population p

Age, yrs 1.087 (1.044–1.132) 0.0001 1.034 (0.950–1.125) 0.440 1.075 (1.037–1.114) 0.0001
BMI 0.894 (0.808–0.989) 0.029 0.754 (0.594–0.956) 0.020 0.892 (0.820–0.970) 0.008
Disease duration, yrs 1.021 (0.954–1.093) 0.543 0.858 (0.622–1.183) 0.349 1.024 (0.960–1.092) 0.474
Cumulative dose of steroids 1.395 (0.535–3.639) 0.702 0.998 (0.984–1.012) 0.748 0.999 (0.997–1.002) 0.614
Active disease, DAS28 > 3.2 1.451 (0.546–3.856) 0.456 2.822 (0.168–47.401) 0.471 1.426 (0.591–3.437) 0.430
Rheumatoid cachexia 1.323 (0.496–3.526) 0.576 0.599 (0.064–5.660) 0.655 1.235 (0.527–2.897) 0.627

BMI: body mass index; DAS28: 28-joint Disease Activity Score.
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over the past decades, but remained higher than in the general
population44. It has been estimated that life expectancy in RA
is reduced by an average of 3–18 yrs45. Most of the excess
deaths are attributable to infection, coronary heart disease,
and respiratory disease46. The underlying cause of accel-
erated mortality, particularly from cardiovascular disease,
may be partly related to metabolic and vascular effects of
chronic systemic inflammation, but also to RC4,47,48. The
majority of our patients, 127/178 (71.3%), displayed central
obesity as assessed by waist circumference [9/31 (29.0%) of
men > 102 cm and 118/147 (80.3%) of women > 88 cm], a
well-known risk factor for developing Type 2 diabetes,
coronary heart disease, or hypertension.

We found that RC was associated with low hip BMD in
this cohort, but not with VF. This is the first study, to our
knowledge, assessing the link between cachexia and osteo-
porosis in patients with RA. Other studies highlight the role
of sarcopenia-related falls and fractures in the elderly5,49, but
few data link sarcopenia and VF50. Indeed, it has been shown
that denutrition is a predisposing factor of osteoporosis and
sarcopenia in the elderly and is associated with an increased
risk of falls because of decreased muscle strength and
protective reflexes. Further longitudinal studies are warranted
to better evaluate the role of RC in the observed bone loss
and increased prevalence of fractures in RA.

Our study has strengths and limitations. The assessment
of body composition, BMD, and fractures was carefully
conducted using standard procedures of acquisition and
standard reading of all VFA scans. All the morphometric
assessments were made by an experienced investigator after
training sessions and after a previous global visualization.
The main limitation lies in the chosen definition of RC.
However, because no consensual definition exists, we used
the definition by Engvall, et al29, who categorized the
patients as rheumatoid cachectic if FFMI was below the 10th
percentile and FMI above the 25th percentile. The reference
population for the classification of FMI and FFMI is a Swiss
population that is different from patients with RA in
Morocco. To our knowledge, this is the only reference
population available for this type of classification. About
one-third of the individuals from the reference population
were, however, of non-Swiss origin, and therefore may be
more representative than people of strictly Swiss nationality.
This reference population has been used previously in many
important studies.

Our study showed that half of the patients with RA may
have RC, even with a normal or high BMI. This condition
was significantly associated with disease activity and low hip
BMD, but not with VF.
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