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Abstract

Background and aims The concurrent decrease in fat free

mass (FFM) and increase in fat mass (FM), including

central obesity, in patients with rheumatoid arthritis (RA)

may be related to increased cardiovascular morbidity as

well as to functional decline. The objectives of this study

were to evaluate body composition and nutritional status

in patients with RA and the feasibility of bioelectrical

impedance (BIA) to detect rheumatoid cachexia.

Methods Eighty RA outpatients (76% women), mean age

61 (range 22–80) years and with mean disease duration of

6 (range 1–52) years, were assessed by body mass index

(BMI), waist circumference (WC), whole-body dual-

energy X-ray absorptiometry (DXA), BIA and the Mini

Nutritional Assessment (MNA).

Results Fat free mass index (FFMI; kg/m2) was low in

26% of the women and in 21% of the men. About every

fifth patient displayed concomitant low FFMI and elevated

fat mass index (FMI; kg/m2), i.e. rheumatoid cachexia.

BMI and MNA were not able to detect this condition.

Sixty-seven percent had increased WC. Reduced FFM was

independently related to age (p = 0.022), disease duration

(p = 0.027), ESR (p = 0.011) and function trendwise

(p = 0.058). There was a good relative agreement between

DXA and BIA (FM r2 = 0.94, FFM r2 = 0.92; both

p \ 0.001), but the limits of agreement were wide for each

variable, i.e. for FM -3.3 to 7.8 kg; and for FFM -7.9 to

3.7 kg.

Conclusion Rheumatoid cachexia and central obesity

were common in patients with RA. Neither BMI nor MNA

could detect this properly. There was a good relative

agreement between DXA and BIA, but the limits of

agreement were wide, which may restrict the utility of BIA

in clinical practice.
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Abbreviations

BIA Bioelectrical impedance analysis

BMI Body mass index

DAS28 Disease activity score calculated on 28 joints

DXA Dual X-ray absorptiometry

FFM Fat free mass

FFMI Fat free mass index

FM Fat mass

FMI Fat mass index

HAQ Health Assessment Questionnaire

MNA Mini Nutritional Assessment

RA Rheumatoid arthritis

Introduction

Rheumatoid arthritis (RA) is a chronic systemic inflam-

matory condition associated with reduced life expectancy

This work has in part been presented at the Congress of American

College of Rheumatology in San Francisco, October 2008.

A.-C. Elkan (&) � I.-L. Engvall � I. Hafström

Department of Rheumatology, R92, Karolinska Institute,

Karolinska University Hospital Huddinge,

141 86 Stockholm, Sweden

e-mail: ann-charlotte.elkan@karolinska.se

T. Cederholm

Department of Public Health and Caring Science/Clinical

Nutrition and Metabolism, Uppsala University, Uppsala, Sweden

123

Eur J Nutr (2009) 48:315–322

DOI 10.1007/s00394-009-0017-y



[16]. Aberrations in body composition may contribute to

the increased morbidity [25] as well as the mortality

associated with RA. Cytokine-driven hyper metabolism

and protein degradation linked to the disease causes

reduction of fat free mass (FFM). Concurrently, there is

often an increase in body fat mass (FM). This combined

condition is called ‘‘rheumatoid cachexia’’ [23, 27]. The

increase in FM [4], especially central obesity may add to

CVD morbidity [16]. Data on waist circumference (WC) in

RA patients are, however, sparse.

The reduction of muscle mass may have consequences

for morbidity and functional capacity. Adults with

medically well-controlled RA have 13–14% less body

cell mass, i.e. FFM minus extracellular fluid and solids,

than their matched controls [27]. This corresponds to

one-third of the maximum survivable loss of body cell

mass.

The prevalence of malnutrition, including rheumatoid

cachexia, in RA varies with definitions, methods and

populations, and is reported to range between 26 and

71% [5, 10, 11, 18]. Recently, we reported nutri-

tional status and body composition measured by Mini

Nutritional Assessment (MNA), the Subjective Global

Assessment tool (SGA), the Malnutrition Universal

Screening Tool (MUST), the Nutritional Risk Screening

tool 2002 (NRS-2002), and dual-energy X-ray absorpti-

ometry (DXA) in 60 in-ward RA patients with high

disease activity and disability [7]. Reduced FFM was

found in half of the women and in one-third of the men.

The concurrent elevation of FM made BMI a non-reliable

tool to detect this condition. Of the tested nutritional

evaluation tools, the MNA was suggested to be used as a

screening instrument for malnutrition, but because of its

low specificity it was proposed to be complemented by

body composition assessment [7]. Due to the fact that

BMI is maintained by the parallel body cell mass decline

and increase in body fat mass (FM), the identification of

rheumatoid cachexia relies on measurement of body

composition. There is a need to evaluate the feasibility of

such measurement techniques in RA. DXA gives reliable

information on body composition but is expensive and

not mobile. On the other hand, bioelectrical impedance

analysis (BIA) is a clinically easy available tool to assess

body composition.

The purpose of the present study was to study body

composition aberrations, i.e. rheumatoid cachexia and

central obesity, and nutritional status in outward

patients suggested to have lower disease activity than

inward patients, and to evaluate the feasibility of BIA

for the detection of rheumatoid cachexia in RA

patients.

Patients and methods

Patients

Eighty consecutive outpatients, 61 women, with RA at the

Rheumatology Department, Karolinska University Hospital

Huddinge aged between 18 and 80 years (median 61 years)

and with disease duration C1 year (median 6 years) were

included in the study. The exclusion criteria were: current

malignancy, severe cardiac insufficiency according to the

New York Heart Association classification, i.e. NYHA [ 3,

severe renal failure, i.e. glomerulus filtration rate (GFR)

\20 ml/min, chronic obstructive lung disease with emphy-

sema, earlier gastric ulcer or intestinal surgery, known eating

disorder or glucocorticoid injections within previous

2 weeks.

The study was approved by the Ethics Committee at the

Karolinska University Hospital, with informed consent of

the patients to participate, and was performed in accor-

dance with the Helsinki declaration.

Methods

The patients attended the outpatient clinic after an over-

night fast. They were asked to refrain from participation in

strenuous exercise or consuming alcohol for 12 h before

testing to avoid perturbation of hydration status. On arrival,

each subject emptied the bladder and had weight and height

measured immediately before assessment of body compo-

sition by BIA. Within 2 h body composition was assessed

by DXA. Blood samples were analysed for erythrocyte

sedimentation rate (ESR, mm/h) and serum albumin. The

patients’ disease activity, function and MNA were assessed

and they were questioned about weight change since onset

of the RA disease.

Disease activity and function

The Disease Activity Score including 28 joints (DAS28)

was used. DAS28 evaluates number of swollen joints,

number of tender joints, the patients’ global assessment of

health measured on a visual analogue scale (VAS, range 0–

100 mm), and ESR. The DAS28 score ranges from 0 to 10

points, and 2.6 to 3.2 indicates low disease activity,[3.2 to

B5.1 moderate and [5.1 high disease activity [21]. Func-

tional status was measured using the Swedish version of

the Stanford Health Assessment Questionnaire (HAQ), a

self-reported instrument measuring capacity to perform

activities of daily living [6]. The HAQ score ranges from

0 to 3, where a higher score indicates a higher degree of

disability.
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Anthropometry

BMI was calculated from weight/height2 (kg/m2). The sub-

jects 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 and 24.9 as

normal, 25 and 29.9 as overweight and values greater than 30

indicated obesity [28].

To identify central obesity waist circumference (WC)

was measured using a plastic, inelastic, flexible belt-type

measuring tape. The subjects were standing and the waist

was measured to the nearest 0.5 cm midway between the

iliac crest and the lower rib margin. According to the

International Diabetes Federation (IDF), a waist circum-

ference less than 94 cm in men and 80 cm in women would

be low risk; an intermediate risk is indicated by 94–

101.9 cm in men and 80–87.9 cm in women. Values above

102 cm in men and 88 cm in women indicates an increased

risk for developing type 2 diabetes, coronary heart disease

or hypertension [2].

Body composition assessments by DXA and BIA

For whole-body DXA the GE-Lunar Prodigy, software

enCore 2006, version 10, 20,105, Madison, USA, was used.

Briefly, using specific anatomic landmarks, legs, arms, and

trunk were isolated on the skeletal X-ray anterior view

planogram using the DXA system’s automated software.

The DXA software then provided compositional 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. DXA is

considered a valid method to estimate body composition in

RA patients [20]. The precision of soft tissue analysis for a

Lunar Prodigy is 1% for FFM and 2% for FM [12].

BIA is based on the underlying principle that resistance

or impedance to the flow of an electrical current through

the body is dependent on three variables: the length of the

conductive path, the volume of the conductive material,

and the resistivity of the conductive material [13]. We used

the BC-418 8-contact electrode system (Tanita Corp.,

Tokyo, Japan). It is designed to collect multiple sets of

whole body and segmental impedance measurements

without the need for placement of conventional gel elec-

trodes. The system base has two foot-pad electrodes

fastened to a metal platform set on force transducers for

weight measurement. Each of the extremity hand-grip

electrodes has an anterior and posterior portion. Hence,

there are four separate foot-pad electrodes mounted on the

system’s base and two electrodes in each of the hand grips.

The eight electrodes are connected to a digital circuit board

that electronically switches the electrical circuit under

study. All measurements are carried out at 50 kHz with a

0.8 mA sine wave constant current. The measurements

were carried out according to the manufacturer’s manual

and performed by the same operator. The Tanita BC-418

produces results that are highly repeatable (less than 1%

variation within itself) when used under consistent condi-

tion [15].

In both DXA and BIA FFM and FM were expressed in

absolute (kg) as well as in relative terms (as percent of total

mass). FFM can be expressed as total FFM or as appen-

dicular FFM, i.e. arms and legs and it is the sum of lean

body mass (LBM) and bone mineral. Since absolute FFM

and FM are dependent of height, the fat free mass index

(FFMI; kg/m2) and fat mass index (FMI; kg/m2) were

calculated. An age and sex-matched European reference

population, i.e. 2,982 men and 2,647 women from Swit-

zerland, allowed us to classify our patients according to the

body composition. About one-third of these individuals

were of non-Swiss origin, so this reference population was

suggested to be more representative of an European pop-

ulation than people of strictly Swiss nationality [24].

Cut-off 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 [24]. The desirable levels

for FM% are 20–30% for women and 12–20% for men [1].

As there is no consensus about the cut of levels for

rheumatoid cachexia, we decided to use the definition

FFMI below the 10th percentile together with FMI above

the 25th percentile [8].

Mini Nutritional Assessment

The MNA [29] (0–30 points) is composed of a dietary

questionnaire, e.g. questions related to number of meals,

food and fluid intake and autonomy of feeding, a subjective

assessment, i.e. self-perception of health and nutrition, a

global assessment, i.e. questions related to lifestyle, med-

ication and morbidity and anthropometrical measurements,

e.g. weight, height, and weight loss. MNA classifies indi-

viduals with adequate nutritional status (MNA [ 23.5

points), with risk for malnutrition (MNA 17–23.5 points)

and with malnutrition (MNA \ 17 points).

Statistical analysis

Data were presented as mean (confidence interval, CI) or

median (interquartile range, IQR) depending on the type of

distribution. P values \ 0.05 were considered significant.
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T test for dependent variables, Spearman rank correla-

tion analysis, and linear regression analysis were used to

compare and evaluate body composition data from BIA

and DXA.

The multiple linear regression models included at most

five variables, due to the relatively small sample size.

Before performing regression analyses, FFM, i.e. the

dependent variable, was transformed by logarithm to obtain

normality.

Analysis of variance was used to compare differences

among the body composition values determined using the

different techniques, i.e. BIA and DXA. The method of

Bland and Altman [3] was used to assess agreement between

BIA and DXA. The mean difference, in kg, between the

methods (bias) and the ±2 SDs of the difference between

methods (limits of agreement) were calculated. Ninety-five

percent of the data points should be within the ±2 SDs of the

mean difference.

The statistical analysis program STATISTICA 7, Stat

Soft Scandinavia AB, was used for statistical analysis.

Results

Clinical characteristics of the RA patients are shown in

Table 1. The patients had fairly low disease activity

according to DAS28 and a good functional ability as reg-

istered by HAQ. All patients except two women were

treated with disease-modifying drugs (DMARDs). One-

fourth received TNF-blocking agents.

Body composition

Anthropometrical data of the patients are shown in Table 2.

Both sexes reported a small median increase in weight

since the onset of the RA disease. Mean BMI was in the

overweight range. More than 20% of the women and 40%

of the men were considered obese according to BMI [28].

A majority showed central obesity.

Body composition data as to FFM and FM according to

DXA are presented in Table 3. FFMI was reduced, i.e.

below the 10th percentile of the reference population, in 26

and 21% of the women and men, respectively. Rheumatoid

cachexia, i.e. FFMI \ 10th percentile and FMI [ 25th

percentile, was present in 18% of the women and 21% of

the men, respectively.

Both absolute and relative fat mass was increased in

both sexes. FMI indicated more subjects to be obese than

BMI did, i.e. 31% of the women and 53% of the men had a

FMI above the 90th percentile.

To elucidate the impact of the RA disease on FFM and

FM correlation analyses were made between FFM and

FM%, and age, gender, disease duration, DAS28, HAQ

score as well as ESR. The clinical variables that were

significantly correlated with body composition were used

for multivariate analyses.

The multiple regression analyses with FFM as the

dependent variable revealed female gender (p \ 0.001),

ESR (p = 0.011), duration of RA (p = 0.027), age

(p = 0.022) and HAQ trendwise (p = 0.058) to be sig-

nificantly and independently related with low FFM. Gender

alone explained 65% of the variance in FFM, whereas the

combined impact of the remaining four variables was 12%.

The multiple regression analyses with FM% as the

dependent variable revealed female gender (p = 0.001)

and ESR (p \ 0.001) to be significantly and independently

related with high FM. These two variables explained 30%

of the variance of FM. ESR alone explained 21% of the

variance in FM.

Treatment with biologics or glucocorticoids had no

relation to body composition, data not shown.

Comparison of body composition assessed

by DXA and BIA

Compared with DXA, BIA underestimated FM by 2.2 kg

and FM% by 4.3% and overestimated FFM by 2.1 kg,

Table 3. However, there was a good relative agreement

concerning all assessments of body composition between

DXA and BIA (FM r2 = 0.94, FFM r2 = 0.92, both

p \ 0.001), Fig. 1.The limits of agreement were wide for

Table 1 Patient characteristics

Women

(N = 61)

Men

(N = 19)

Age, years 60.8 (57.3–64.4) 63.4 (59.8–66.9)

Disease duration, yearsa 6 (2–15) 5 (3–9)

Rheumatoid factor positive,

N (%)

51 (83.6) 14 (73.7)

Erosive disease, N (%) 47 (77.0) 14 (73.7)

ESR (mm/h)a 16 (9–29) 12 (9–15)

Serum albumin (g/l) 39 (38–40) 40 (39–41)

DAS28 3.3 (3.0–3.6) 2.6 (2.1–3.0)

HAQ score 0.7 (0.5–0.8) 0.5 (0.2–0.7)

Patients on DMARDS, N (%) 59 (96.7) 19 (100)

Patients on glucocorticoids,

N (%)

17 (27.9) 3 (15.8)

Glucocorticoids, dose (mg) 4.3 (3.4–5.3) 4.2 (0.6–7.8)

N number, ESR erythrocyte sedimentation rate, DAS28 Disease

Activity Score calculated on 28 joints, HAQ Health Assessment

Questionnaire, DMARDS disease-modifying anti-rheumatic drugs
a Data is presented as mean (95% CI) for normally distributed vari-

ables and as median (inter-quartile range) for non-parametric

variables
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each variable; FM -3.3 to 7.8 kg and FFM -7.9 to 3.7 kg,

Fig. 2. The agreement between DXA and BIA was lower

for appendicular muscle mass than for total FFM (data not

shown).

Nutritional status

Among these outward RA patients MNA assessed one

woman and none of the men as being malnourished

(MNA \ 17). Thirty-eight percent of the women and 16%

of the men were considered as being at risk for malnutri-

tion, Table 4.

Correlation analyses were made between MNA and WC,

FFM, FM%, age, RA duration.

DAS28, HAQ score as well as ESR. The multiple

regression analyses with MNA as the dependent variable

revealed DAS28 (p = 0.007) and HAQ (p = 0.029) to be

significantly and independently related with low MNA.

These two variables explained 30% of the variance of

MNA. DAS28 alone explained 25% of the variance in

MNA.

Discussion

This study showed that patients with RA often displayed

reduced FFM despite low disease activity. Thus, FFMI as

Table 2 Anthropometrical

measurements in the RA

patients

Data is presented as mean (CI)

N number

Women (N = 61) Men (N = 19)

Weight change since disease onset (kg) 2.3 (-0.8–5.9) 4.4 (-2.2–8.0)

Weight (kg) 67.6 (63.6–71.7) 89.2 (82.9–95.5)

Height (cm) 164 (163–166) 180 (177–183)

Body mass index (BMI) (kg/m2) 25.0 (23.6–26.3) 27.0 (25.7–29.1)

BMI \ 18.5 kg/m2, N (%) 1 (1.6) –

BMI \ 20 kg/m2, N (%) 11 (18) –

BMI [ 30 kg/m2, N (%) 8 (13) 5 (26)

Waist circumference (WC) (cm) 85 (81–89) 105 (100–110)

Central obesity, i.e. WC [ 80 cm in women,

[94 cm in men, N (%)

35 (57) 17 (89)

Table 3 Body composition outcome for the RA patients assessed by

DXA and BIA

DXA BIA p value

All patients (n = 80)

FM (kg) 26.3 (23.8–28.8) 24.1 (21.5–26.6) \0.001

FM (%) 36.4 (34.5–38.2) 32.0 (30.1–33.9) \0.001

FFM (kg) 46.6 (44.4–48.8) 48.7 (46.4–51.0) \0.001

Female group (n = 61)

FM (kg) 25.8 (22.8–28.7) 23.8 (20.6–26.9) \0.001

FM (%) 37.8 (35.7–39.9) 33.5 (31.1–35.8) \0.001

FFM (kg) 42.0 (40.6–43.5) 43.8 (42.6–45.1) \0.001

Male group (n = 19)

FM (kg) 27.9 (23.4–32.5) 24.9 (21.2–28.5) 0.003

FM (%) 31.7 (28.1–35.2) 27.4 (24.9–29.9) \0.001

FFM (kg) 61.2 (58.6–63.8) 64.3 (60.9–67.8) 0.002

Data is presented as mean (CI). All figures are given for total mass

FM fat mass, FFM fat free mass
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Fig. 1 Scatterplots displaying the relationship between fat mass (FM)

kg and fat free mass (FFM) kg determined by DXA and BIA in

patients with RA. The dotted line represents the 95% prediction limit
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estimated by DXA was below reference in 26% of the

women and 21% of the men. These outpatients, like the

inpatients we have reported on earlier [7], did not appear

emaciated and they did not have anorexia. A concomitant

increase in FM concealed this decrease in FFM. DXA

provided evidence that the patient group could be assessed

as obese as mean FM% was above the desirable levels for

both women and men. FMI was above the 90th percentile

in one-third of the women and in more than half of men.

The finding of low FFM together with stable or

increased FM is in agreement with the concept of rheu-

matoid cachexia described by Roubenoff et al. [23].

However, the high frequency was somewhat surprising.

Rheumatoid cachexia has been postulated to be associated

with excess production of inflammatory cytokines and low

physical activity [8, 22], but the RA disease in the present

patients was fairly well controlled concerning inflamma-

tory activity and physical function. A possible explanation

is that the derangement of body composition is a result

of several years of disease with varying, but elevated,

inflammatory activity in combination with low physical

activity. This assumption was supported by the negative

correlations between FFM and disease duration as well as

age and also between FFM and ESR and functional status

(HAQ). Interestingly, FM% correlated significantly and

positively with ESR. Adipose tissue is known to produce

cytokines like TNF-a and IL-6 [9].

The majority of the present RA patients displayed cen-

tral obesity as assessed by WC. Thus, our findings imply

that one- and two-thirds of the females and males,

respectively, were at risk for developing type 2 diabetes,

coronary heart disease, or hypertension [2], whereas one-

fourth of RA patients would be at intermediate risk for

these conditions. The results highlights that the patients are

not only at risk due to the chronic inflammation and loss of

FFM. The extra burden of overweight and central obesity

most likely also contribute to the known excess CVD

mortality [16]. As the loss of FFM was not an isolated

phenomenon but occurred in parallel with an increase of

FM, BMI was not able to detect this kind of changes in

body composition. This is in line with our previous report

[7].

The use of DXA is suggested to be a fairly exact method

to measure FFM and FM [13]. In the reference population,

used here, FFM derived from BIA was validated against

DXA in 343 of the healthy subjects between 18 and

94 years, with a BMI ranging from 17.0 to 33.8 kg/m2,

with a bias of 0.03 ± 1.7 kg, r = 0.986. Thus, the cut-offs

from this reference population should be valid, when using

DXA as reference method. Percentile distributions are

useful in determining whether or not an individual falls

within the population range. Percentile ranks, such as the

10th and 90th percentiles, can be used to define nutritional

depletion, muscle wasting and obesity [14].

The DXA method is considered sensitive to changes in

body composition following weight gain or loss and

changes related to ageing [17, 20]. DXA is, however,
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Fig. 2 Bland–Altman plot of differences between fat mass (FM) kg

and fat free mass (FFM) kg determined by DXA versus BIA.

Difference between methods calculated as DXA minus BIA values.

Dotted middle line represents mean difference between methods

(bias), and the outside solid lines represent the upper and lower limits

of agreement (±2 SD of the mean bias)

Table 4 Nutritional status

assessed by Mini Nutritional

Assessment (MNA)

Women (N = 61) Men (N = 19)

MNA (0–30 points), mean (95 CI) 24.4 (23.6–25.1) 25.6 (24.8–26.3)

Malnourished, i.e. MNA \ 17p, N (%) 1 (1.6) –

At risk for malnutrition, i.e. MNA 17.5–23.5p, N (%) 23 (38) 3 (16)

Well nourished, i.e. MNA [ 23.5p, N (%) 38 (62) 16 (84)
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expensive and time-consuming. Other options for measur-

ing body composition are therefore needed. We compared

DXA with BIA and found a good relative agreement

between the methods. However, in absolute terms BIA

underestimated FM (% and kg) and overestimated FFM.

Consistent with other reports [19, 25], we could also

demonstrate wide limits of agreement between the two

methods. Thus, although high correlation coefficients

indicate good relative agreement, correlation analysis alone

is not sufficient to verify the degree of coincidence among

the methods [3]. Our findings are consistent with those

reported by Volgyi et al. [30] when comparing DXA GE-

Lunar Prodigy and Tanita BC-418. There was a systematic

bias between the two methods (-2.1 kg for FFM and for

FM ?2.2 kg), which needs to be accounted for when BIA

is used for assessing body composition in patients with RA.

BIA might prove particularly useful for the monitoring

changes in body composition, for example, following new

pharmacological treatments or physical activity interven-

tions. In support of this assumption is the report by

Thomson et al. [26] that the BIA method was valid for

assessing changes in body composition in young obese

women during weight loss.

A prerequisite for BIA to be valid in determining body

composition is that the patients are not over hydrated.

Therefore we made efforts in standardising the examina-

tion conditions as to hydration. Further, serum albumin was

within normal range in these patients, which is in line with

normal extracellular volume.

MNA was not able to detect reduced FFM among the

present patients, which may reflect the fact that MNA is

primarily developed to assess malnutrition among the

elderly. Our results suggest that nutritional status, among

RA patients, to a large extent is dependent on disease

activity and function as shown here.

We conclude that patients with RA often have decreased

FFM, are obese and display rheumatoid cachexia, even

when assessed during periods when the disease is well

controlled. These combined aberrations put RA patients at

risk not only for cardiovascular and metabolic distur-

bances, but also for muscle weakness, infections, and

disability [22, 27]. When assessing the RA patient in

clinical practice it is of great importance to consider both

body composition and nutritional status. Although BIA

may overestimate FFM, BIA may be a feasible technique,

and could be used together with WC and MNA to assess

these conditions.
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