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Objectives: To compare bioelectrical impedance analysis (BIA) with two diff erent dual-
energy X-ray absorptiometry (DXA) devices for the assessment of body composition in 
patients with rheumatoid arthritis (RA).

Methods: This cross-sectional study was performed in RA patients who visited study 
center A or B in the context of the COBRA-light extension study. Body composition 
was assessed by DXA (center A: Hologic; center B: GE Lunar) and multi-frequency BIA 
(Quadscan 4000) at the same day, and recorded as absolute and relative Fat Free mass 
(FFM(kg), FFM%), and Fat Mass (FM(kg), FM%), respectively. Agreement between both 
methods was assessed by paired t-tests, Bland-Altman plots and intra-class correlation 
coeffi  cients (ICC); DXA was used as reference method. 

Results: The study included 43 patients (63% women, mean 56±14 years, median disease 
duration 5 years). In center A (n=25), BIA underestimated FFM(kg) by 2.2 kg (p<0.001), but 
not FM(kg) (diff erence: 0.2 kg; p=0.71); FFM% and FM% were respectively underestimated 
and overestimated by 1.1% (both p=0.05). In center B (n=18), BIA systematically 
overestimated FFM(kg) by 2.2 kg and underestimated FM(kg) by 3.1 kg; FFM% and FM% 
were respectively overestimated and underestimated by 3.6% (all: p<0.001). Bland-
Altman plots showed wide limits of agreement demonstrating large absolute diff erences 
at individual level. ICCs showed moderate to good agreement (>0.85).

Conclusion: This study demonstrated the unreliability of BIA for the assessment of body 
composition in RA patients, especially at individual level. Diff erences between BIA and 
DXA were strongly depended on the DXA device used, and therefore methods cannot be 
used interchangeably.A
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Introduction
Rheumatoid arthritis (RA) is a chronic, systemic autoimmune disorder characterized by 
inflammation of the joints and destruction of cartilage and bone. Chronic, systemic inflammation 
is associated with changes in cytokine levels that cause hyper-metabolism and subsequently 
increased energy demands which induces loss of fat-free mass (FFM).1-5 During disease 
exacerbations, decreased physical activity and disuse of muscles can result in further loss of 
FFM, which may decrease functional capacity and have serious consequences for morbidity and 
mortality of RA patients.1-5 

Increased fat mass (FM) and obesity are frequently observed in RA patients, and are associated 
with increased risk of the development of hypertension, diabetes mellitus and cardiovascular 
disease.1,4 In addition, chronic glucocorticoid use and anti-TNF drugs might also influence body 
composition of RA patients.3,4,6-8 

Rheumatoid cachexia (RC), the condition of reduced FFM and increased FM, might result from 
the complex interplay between inflammation, physical activity, drug treatment and nutritional 
intake.3 RC is demonstrated in 20-50% of patients with RA, depending on the definition used, and 
is a key contributor to the patient’s disability, increased morbidity and premature mortality.2,7,9-16 
Careful, regular assessment of body composition is thus important in RA.7 

Body Mass Index (BMI) is a simple, easy and the most widely used parameter to assess body 
composition in clinical practice. However, it fails to identify the loss in FFM and gain in FM often 
present in (weight stable) RA patients.3,11,17,18 Preferably, both FFM and FM components are 
assessed when body composition of RA patients is monitored. 

Dual-energy X-ray absorptiometry (DXA) is a valid and reliable method to assess both FFM 
and FM accurately, and is often used as reference method for body composition in clinical 
studies, since no gold standard is available in clinical practice.19-21 Yet, the use of this method is 
expensive, time-consuming, the device is non-portable and requires trained radiologists, which 
makes it unsuitable for every-day use in clinical practice.

Bioelectrical impedance analysis (BIA) might be a more convenient method to assess body 
composition in clinical practice, as it is relatively cheap, rapid, uses a portable device and can 
be easily performed after minimal training.20-23 Yet, a limitation of BIA is that its precision and 
accuracy depend on patient and environmental factors, such as the fluid and electrolyte status 
of patients.19-22 

Since careful, regular assessment of body composition is important in RA, it is essential to 
have an accurate, reliable and convenient method to assess body composition in daily practice. 
Therefore, the main aim of our study was to compare BIA with DXA for the assessment of body 
composition in RA patients, in which DXA was considered to be the reference method reflecting 
the correct, true body composition. Since we included RA patients from two different study 
centers, with two different DXA devices, we were able to compare BIA with two different DXA 
devices. To include a more clinical and pragmatic point of view, a secondary aim of our study 
was to investigate whether DXA and BIA were able to classify patients in the same nutritional 
status.
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Patients and methods

Study design and study population
This study was performed as part of the larger multi-center COBRA-light extension 
study, in which the efficacy and safety of ‘COBRA-light’ versus COBRA therapy was 
assessed in 149 RA patients after 4 year follow-up at VU University Medical Center 
(VUmc), Reade and Westfriesgasthuis in The Netherlands.24 Additional information 
on the study population, study design and main results of the COBRA-light extension 
study were reported previously.24 In the extension study, all patients of the original 
COBRA-light trial25,26 were invited for a single visit to their study center, and had a DXA 
and BIA assessment at the same day, if possible. DXA was used as reference method, 
and was considered to reflect the correct, true body composition. DXA scans were not 
performed at the Westfriesgasthuis, and patients of this study centre were therefore 
excluded from analyses (n=23). Additional exclusion criteria related to BIA measurement 
were: pregnancy (n=0), large metal implants (n=0), pacemaker (n=1), or hip and/or knee 
replacements on both sides (n=2). Patients with a lacking DXA and/or BIA assessment 
(n=14), or >4 weeks between both assessments (n=4) were also excluded from 
analyses. Both body composition assessments were performed after an overnight fast.  
A supplementary protocol was applied for BIA assessments to avoid perturbation of 
hydration status: no alcohol and caffeine intake and no strenuous physical activity in the 
24 hours before measurement; and refrain from drinking any fluid 2 hours before the 
measurement. Protocol deviations were reported. Ethics committees at each participating 
center approved the protocol; patients gave written informed consent, and the study was 
conducted in accordance with the Declaration of Helsinki/Good Clinical Practice.

Anthropometrics
To assess BMI, body weight was measured, without shoes, to the nearest 0.1 kg on a digital 
scale (Seca, Hamburg, Germany), and corrected for clothing.27 Height was measured, 
without shoes, to the nearest 0.1 cm. BMI was calculated as ratio weight/height2 (kg/m2). 
To assess the waist/hip ratio, waist and hip circumferences were measured in cm. 

Assessment of body composition by DXA 
Whole body DXA scans were performed according to the protocol of the manufacturer. 
Patients of VUmc (study center A, n=25) were scanned with the Hologic Delphi (Hologic, 
Inc; Bedford, Massachusetts, US), and patients of Reade (study center B, n=18) with 
GE Lunar iDxa (GE Corporate, Madison, Winconsin, US). Both DXA devices were daily 
calibrated according to the protocol of the manufacturer, and are frequently used in 
DXA-BIA validation studies.21 FFM(kg) was calculated as the sum of LM and bone mineral 
content. FM and FFM were both expressed in absolute (kg) and relative terms (% of total 
body weight, as assessed by DXA). 
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Assessment of body composition by BIA 
All BIA assessments were performed by one researcher (NK), who used the multi-
frequency QuadScan 4000 (Bodystat Ltd, Isle of Man, UK) according to the protocol of the 
manufacturer. Patients emptied their bladder before the measurement, and were lying on 
a flat, non-conductive bed, without any metal on their body and without parts of the body 
touching one another. The QuadScan provides data of 5, 50, 100 and 200 kHz frequencies. 
The previously published, most widely used Geneva equation of Kyle et al was used to 
assess FFM from the 50 kHz frequency: FFM(kg) = – 4.104 + (0.518 * height2 / resistance) 
+ (0.231 * weight) + (0.130 * reactance) + (4.229 * sex; men=1, women =0).28 FM(kg) was 
calculated by subtracting FFM(kg) from current body weight (which was corrected for 
clothing). FM and FFM were both expressed in absolute (kg) and relative terms (% of total 
body weight, as assessed by digital scale).

Nutritional status classification by DXA and BIA 
Different parameters of nutritional status were evaluated based on both DXA and BIA 
assessments. First, the fat-free mass index (FFMI) was calculated, as absolute FFM(kg) is 
dependent on height: FFMI (kg/m2) = FFM (kg)/height2 (m2). Subsequently, the fat mass 
index (FMI) was calculated: FMI(kg/m2) = FM (kg)/height2 (m2). 

All nutritional status parameters were compared to percentile values for FFMI and FMI 
from the large healthy European reference population of Schutz et al.29 Low muscle mass was 
defined as FFMI<10th percentile11-17, and obesity was defined as FMI>90th percentile.11-17,22 
As there is no consensus about the definition of RC, three previously published definitions 
were used: 1) FFMI<10th percentile and FMI>25th percentile;11,13-16 2) FFMI<25th percentile 
and FMI>50th percentile;14 3) FFMI<10th percentile and FMI>90th percentile.1 Prevalence of 
wasting, defined as FFMI<10th percentile and FMI<25th percentile, was also calculated.13

Statistical analyses
Results are presented as mean (standard deviation), or as median [25th percentile, 75th 
percentile] in case of skewed data, unless otherwise specified. All results are presented per 
study center, as they used different DXA devices. Main analyses were performed on data 
of patients who were assessed by DXA and BIA at the same day (n=43), sensitivity analyses 
were performed in a larger dataset including patients who were not assessed by DXA and 
BIA on the same day, but within 7 or 14 days.

Paired t-tests were performed to evaluate systematic differences in the assessment 
of FFM(kg), FFM%, FM(kg) and FM%, between DXA and BIA on individual level. There is 
no consensus regarding the level of error that is acceptable when measuring these body 
composition parameters. In this study, the systematic difference between both methods 
was defined beforehand to be <5% for each parameter to be able to conclude that BIA is 
sufficiently accurate to measure body composition on individual level in clinical practice, 
a cut-off point that has been used in other studies as well.30 
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Limits of agreement were calculated (Difference +/- 1.96* SDdifference) to evaluate both 
systematic and random errors in the assessment of FFM(kg), FFM%, FM(kg) and FM%, by 
DXA and BIA on individual level, and were visually depicted in Bland-Altman plots.

Intra-class correlation coefficients (ICC) were calculated to evaluate systematic and 
random measurement errors in the assessment of FFM(kg), FFM%, FM(kg) and FM%, by 
DXA and BIA on group level. ICCs were calculated with a two way mixed ANOVA model 
with fixed effects and absolute agreement for single measurements. Each ICC had to be 
>0.90, and preferably >0.95, to conclude that BIA is sufficiently accurate to measure body 
composition on group level. 

Univariate linear regression analysis was used to evaluate gender, age, smoking status, 
disease activity, CRP level, SHS, and BMI (WHO obese class I (BMI≥30kgm2, n=8) and WHO 
obesity class II (BMI≥35kgm2, n=5)31 as potential effect modifiers of the difference in the 
assessment of all body composition parameters between DXA and BIA.

Sensitivity analyses were performed to evaluate the influence of small deviations of 
the predefined protocol (no overnight fast or no emptied bladder ≤90 minutes before 
BIA assessment) and patient-specific details (use of diuretics or use of diuretics and/or 
medication that influences the renin-angiotensin (RAS) system) on the assessment of 
body composition by DXA and BIA. 

McNemar tests were performed to evaluate differences in the classification of 
nutritional statuses between DXA and BIA. 

All statistical analyses were performed with IBM SPSS Statistics, release 22.0 (SPSS Inc, 
Chicago, Illinois, United States); p-values<0.05 were considered significant.

Results

Patient characteristics 
In this cross-sectional comparison study, 43 RA patients (63% women, mean age 56±14 
years and median disease duration 5 years) with a DXA and BIA assessment at the same 
day were included for analyses (Table 1). Overall, patients had mild disease activity, mild 
functional impairment and little radiographic damage. Patients in study center B (n=18) 
showed a higher prevalence of smoking (p=0.002), higher ESR (p=0.02), and reported 
more pain (p=0.04), disease activity (p=0.004) and lower general well-being scores 
(p=0.02) than patients in study center A (n=25).
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TABLE 1. Patient characteristics (n=43)

All 
(n=43)

Study center A 
(n=25)

Study center B 
(n=18)

Demographic and life style characteristics

Female, n (%) 27 (63) 16 (64) 11 (61)
Age, years 56 (14) 56 (15) 56 (13)
Smoking, n (%) 9 (21) 1 (4) 8 (44)*
RA characteristics

Disease duration, years 5 [4;5] 5 [4;5] 5 [4;5]
Disease Activity Score in 44 joints 1.9 [0.8;2.7] 1.5 [0.6;2.3] 2.0 [1.2;2.8]
Health Assessment Questionnaire 0.5 [0.0;1.0] 0.4 [0.0;0.8] 0.7 [0.2;1.6]
Sharp - Van der Heijde Score 2.0 [0.5;5.5] 2.5 [0.5;5.3] 1.8 [0.5;8.4]
ESR, mm/h 9 [3;17] 5 [2;10] 15 [5;23]*
CRP, mg/l 3 [3;5] 3 [3;5] 2 [2;6]
Morning stiffness, min 10 [5;60] 10 [5;60] 8 [4;75]
Patient assessment of pain, mm 22 [5;50] 12 [1;30] 33 [15;61]*
Patient assessment of disease activity, mm 20 [5;35] 11 [1;21] 33 [19;70]*
Patient assessment of general well-being, mm 25 [6;50] 14 [2;33] 42 [22;59]*
Anthropometrics

Height, cm 171.5 (8.9) 171.5 (9.6) 171.5 (8.1)
Weight, kg 77.0 (18.3) 78.1 (21.5) 75.5 (13.0)
Body Mass Index, kg/m2 26.1 (5.6) 26.4 (6.4) 25.7 (4.5)
Waist/hip ratio 0.90 (0.09) 0.89 (0.09) 0.92 (0.10)
Hand grip strength, kg 25.6 (12.8) 26.9 (11.0) 23.9 (15.2)

Results presented as mean (standard deviation) for normally distributed variables and as median [25th percentile, 75th percentile] 
for non-parametric variables, unless otherwise specified; * indicates a statistically significant difference between both study centers 
(p<0.05); Patient assessments by visual analogue scales in mm; ESR = erythrocyte sedimentation rate, CRP = C reactive protein, RA = 
rheumatoid arthritis.

TABLE 2. Differences in the assessment of body composition by DXA and BIA in RA patients (n=43)

Study center Parameter Assessment by DXA Assessment by BIA
Difference

DXA-BIA
% Difference 

DXA-BIA
A (n=25) FFM(kg) 53.3 (11.9) 51.1 (11.7) 2.2 (2.0)* 4.1 (3.9)

FFM% 67.6 (8.5) 66.5 (7.4) 1.1 (2.7)† 1.4 (3.9)
FM(kg) 26.9 (12.7) 27.0 (12.3) -0.2 (2.1) -2.1 (10.9)
FM% 32.4 (8.5) 33.5 (7.4) -1.1 (2.7)† -5.0 (10.7)

B (n=18) FFM(kg) 49.0 (8.8) 51.2 (8.9) -2.2 (2.2)* -4.7 (4.6)
FFM% 64.7 (9.4) 68.3 (7.9) -3.6 (2.7)* -6.1 (4.8)
FM(kg) 27.4 (10.3) 24.3 (8.8) 3.1 (2.4)* 10.6 (6.7)
FM% 35.3 (9.5) 31.7 (7.9) 3.6 (2.7)* 9.5 (6.5)

Results presented as mean (standard deviation); * Indicates a statistically significant systematic difference between DXA and BIA 

(p<0.05); † Indicates a trend for a statistically significant systematic difference between DXA and BIA (p<0.10); BIA = bioelectrical 
impedance analysis, DXA = dual-energy X-ray absorptiometry, FFM = Fat Free Mass, FM = Fat Mass, RA = rheumatoid arthritis.
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Differences in the assessment of body composition by DXA and BIA on individual 

level
In study center A, BIA systematically underestimated FFM(kg) by 2.2 kg (4.1%) (p<0.001), 
but not FM(kg) (difference: 0.2 kg (2.1%); p=0.71) (Table 2). FFM% and FM% were 
respectively systematically underestimated and overestimated by 1.1% (both p=0.05). 
In study center A, the percentage differences between DXA and BIA were within the 5% 
accuracy limit for all body composition parameters.

In study center B, results were found in opposite direction: BIA systematically 
overestimated FFM(kg) by 2.2 kg (4.7%) (p=0.001) and underestimated FM(kg) by 3.1 kg 
(10.6%) (p<0.001). FFM% and FM% were respectively systematically overestimated and 
underestimated by 3.6% (both p<0.001). In study center B, the percentage differences 
between DXA and BIA exceeded the 5% accuracy limit for all body composition parameters, 
except for FFM(kg) (-4.7%).
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FIGURE 1. Bland Altman plots of the differences in the assessment of FFM(kg) (A) and FFM% (B) between DXA 
and BIA in RA patients per study center 
*Indicates a statistically significant systematic difference between DXA and BIA (p<0.05)
BIA = bioelectrical impedance analysis, DXA = dual-energy X-ray absorptiometry, FFM(kg)= Fat Free Mass in kg, FFM% 
= Fat Free Mass percentage
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Bland-Altman plots showed wide limits of agreement for all body composition 
parameters assessed in both study centers; the limits of agreement for both FFM(kg) and 
FM(kg) were approximately 9 kg and for FFMI and FMI approximately 11% (Figures 1 + 2). 

Univariate linear regression analysis indicated radiographic outcome (SHS) as a 
significant effect modifier of the difference in the assessment of FFM%, and consequently 
FM%, between DXA and BIA (β=-0.16, p=0.02). This effect was only found in study center 
A, and not for FFM(kg) (p=0.13) and FM(kg) (p=0.12).

Differences in the assessment of body composition by DXA and BIA on group level
The ICCs showed a good overall agreement between DXA and BIA assessments for all 
body composition parameters in study center A; all ICCs were >0.90 and ICCs of FFM(kg) 
and FM(kg) assessments were >0.95 (Table 3). Measurements in study center B showed 
a moderate-to-good overall agreement between DXA and BIA assessments; all ICCs were 
>0.85, and ICCs of FFM(kg) and FM(kg) assessments were >0.90. 
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FIGURE 2. Bland Altman plots of the differences in the assessment of FM(kg) (A) and FM% (B) between DXA and 
BIA in RA patients per study center
*Indicates a statistically significant systematic difference between DXA and BIA (p<0.05)
BIA = bioelectrical impedance analysis, DXA = dual-energy X-ray absorptiometry, FM(kg)= Fat Mass in kg, FM% = Fat 
Mass percentage
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TABLE 3. Intra-class correlation coefficients of body composition parameters assessed by DXA and BIA (n=43)

Study center A (n=25) Study center B (n=18)
ICC 95% CI ICC 95% CI

FFM(kg) 0.970 0.697;0.992 0.940 0.614;0.983
FFM% 0.935 0.851;0.972 0.879 0.123;0.970
FM(kg) 0.986 0.968;0.994 0.922 0.245;0.981
FM% 0.936 0.852;0.972 0.878 0.123;0.969

95% CI = 95% confidence interval, BIA = bioelectrical impedance analysis, DXA = dual-energy X-ray absorptiometry, ICC = Intra-class 
correlation coefficient, FFM = Fat Free Mass, FM = Fat Mass.

Sensitivity analyses
Sensitivity analyses demonstrated that refraining from overnight fasting or an emptied 
bladder before BIA assessment, and use of diuretics and/or medication that influences the 
RAS-system had no influence on the results of this study. Including patients who were not 
assessed by DXA and BIA on the same day, but within 7 (n=89) or 14 days (n=102), gave 
similar results as those of patients who were assessed by both methods at the same day, 
although limits of agreement increased by approximately 1 kg in for both FFM and FM in 
study center B.

Nutritional status classification by DXA and BIA 
In study center A, BIA tended to overestimate the classification into low muscle mass, 
wasting and RC defined as FFMI<25th percentile and FMI>50th percentile when compared 
to the classifications based on DXA results, although no statistically significant differences 
were found (Table 4).

TABLE 4. Classification of nutritional status based on assessments by DXA and BIA (n=43)

Study 
Center

Nutritional 
status

Cut-off point FFMI Cut-off point FMI
Number of
 patients 

identified by DXA

Number of
 patients 

identified by BIA

Number of identical 
patients identified by 

both DXA and BIA

A Low muscle mass <10th percentile - 4 (16) 7 (28) 4 (16)
Obesity - >90th percentile 9 (36) 9 (36) 9 (36)
Wasted <10th percentile <25th percentile 1 (4) 3 (12) 1 (4)
Rheumatoid Cachexia † <10th percentile >25th percentile 3 (12) 4 (16) 3 (12)
Rheumatoid Cachexia ‡ <10th percentile >90th percentile 1 (4) 1 (4) 1 (4)
Rheumatoid Cachexia ¥ <25th percentile >50th percentile 3 (12) 7 (28) 3 (12)

B Low muscle mass <10th percentile - 7 (39) 2 (11)¤ 2 (11)
Obesity - >90th percentile 7 (39) 4 (22) 4 (22)
Wasted <10th percentile <25th percentile 1 (6) 1 (6) 1 (6)
Rheumatoid Cachexia † <10th percentile >25th percentile 6 (33) 1 (6)¤ 1 (6)
Rheumatoid Cachexia ‡ <10th percentile >90th percentile 4 (22) 0 (0) 0 (0) 
Rheumatoid Cachexia ¥ <25th percentile >50th percentile 6 (33) 2 (11) 2 (11)

Results presented as frequencies (%); There are no statistically significant differences between classification in nutritional status 
assessed by DXA and BIA (p<0.05); ¤ Trend for significant difference between classification in nutritional status assessed by DXA and 
BIA (p<0.10); † According to Engvall et al. 2008; ‡ According to Elkan et al. 2009; ¥ According to Summers et al. 2010; BIA = bioelectrical 
impedance analysis, DXA = dual-energy X-ray absorptiometry, FFMI = Fat Free Mass Index, FMI = Fat Mass Index.
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In study center B, BIA tended to underestimate the classification into low muscle mass, 
obesity, and RC (all definitions) when compared to classifications based on DXA results, 
although no statistically significant differences were found. Low muscle mass and RC 
defined as FFMI<10th percentile and FMI>25th percentile did show a trend for a statistically 
significant different classification between DXA and BIA (both p=0.06).

Discussion
To our knowledge, this is the first study in which BIA is compared with two different, 
widely used DXA devices for the assessment of body composition in RA patients. In this 
two-center comparison study, large systematic differences were found for the assessment 
of FFM(kg), FFM%, FM(kg) and FM% between DXA and BIA in both study centers at 
individual level. Moreover, the systematic differences found in study center A pointed in 
the opposite direction as those found in study center B, and limits of agreement were 
wide, demonstrating large absolute differences at individual level. Moderate to good 
agreement was found at group level. Altogether, our study demonstrated the unreliability 
of BIA for the assessment of body composition in RA patients.

Our findings are in accordance with an earlier study by Elkan et al, who compared DXA 
(GE-Lunar Prodigy) and BIA (Tanita) in a similar study design in 80 Swedish RA patients. 
Although the report of their analyses and results was rather brief described, main results 
were comparable to those found in our study center B: BIA overestimated FFM(kg) and 
underestimated FM(kg) by 2 kg, with even wider limits of agreement (>11 kg).15 

A clinically relevant, systematic difference between two methods may be easily 
amended if a correction formula can be developed. In our study, however, study center 
A and B showed systematic differences in opposite directions using the same BIA device, 
which cannot be simply corrected for. These systematic differences in opposite direction 
might be explained by differences between the study populations of center A and B. Yet, the 
mean FFM(kg), FFM%, FM(kg) and FM% did not differ significantly between both centers. 
Furthermore, the significant differences that were present (with respect to smoking status, 
ESR and patient reported outcomes) might point at a study population with somewhat 
poorer health status in center B. However, this was not reflected by significant differences 
in other important measures of disease activity and daily functioning such as CRP, DAS or 
HAQ.

In addition to systematic differences, the wide limits of agreement reported in both 
Elkan’s15 and our study suggest an accuracy problem, which may create large errors 
when body composition is assessed at individual level.32 In our study, we found absolute 
differences up to plus or minus 5 kg for FFM(kg). In an individual female patient, this can 
make the difference between assessing a healthy FFM or a very low FFM.33 Although the 
acceptability of the wideness of the limits of agreement is a matter of clinical judgment at 
which consensus should be formed by a panel of experts,32,34 we consider BIA unsuitable 
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for the replacement of DXA especially because of these large absolute differences at 
individual level.

At group level, ICCs showed moderate to good agreement between DXA and BIA in 
our study, although the ICC of FFM%, and consequently FM%, in study center B was lower 
than the predefined cut-off point of 0.90. ICCs contain both information on correlation 
and systematic difference between methods, in contrast to Spearman rank correlations, 
used by Elkan et al,15 which do not reveal information about the presence of a systematic 
difference.32,34 Nevertheless, a limitation of both ICCs and correlation coefficients is that 
they are sensitive for the range of values through a population.32,34 Our study population 
had a range of approximately 50 kg in both FFM(kg) and FM(kg), which might be 
accountable for the high ICCs in our study. As a consequence, the agreement between 
DXA and BIA might well be worse in subpopulations with a limited range of values.

In additional analyses focused on a clinical and pragmatic instead of a merely 
methodological perspective, we investigated whether DXA and BIA were able to classify 
patients in the same nutritional status. Unfortunately, DXA and BIA did not identify the 
same patients as having low muscle mass or being overweight, wasted or cachectic in either 
center. Although no statistically significant differences were found, probably because of 
the small number of patients having low muscle mass or being wasted or cachectic, the 
differences in identification of patients with a unfavourable body composition might 
still be considered as clinically relevant, especially at individual level, herewith further 
restricting the use of BIA as a reliable bedside method in clinical practice.

An explanation for the lack of agreement between DXA and BIA in our study population 
might be a deviating hydration status, as a normal fluid and electrolyte balance is a 
prerequisite for valid, accurate BIA assessments,19-22 and although less well-known, 
for accurate DXA assessment as well.35,36 Although we used a protocol to standardise 
hydration conditions during all measurements, and RA patients are not clinically known 
to demonstrate large deviations from normal hydration status, we did not assess oedema 
by a trained medical specialist, or serum albumin, a marker for dehydration. Therefore, 
we cannot rule out that some patients had an abnormal hydration status. Although it is 
possible to optimize the hydration status of patients before performing the BIA-procedure, 
this is not always feasible in elderly patients with multiple - including cardiovascular – 
comorbidities, which limits the advantage of BIA as a diagnostic tool in clinical practice. 

In addition to potential hydration status abnormalities, other disease specific 
characteristics might have interfered as well. At the moment, no RA-specific BIA equation 
is available, and therefore we used the single-frequency Geneva BIA equation that was 
generated in a similar but healthy Caucasian study population aged 20-94 years, which 
demonstrated a relative small standard error of the estimate.20,28 Multiple RA-related 
variables were evaluated as potential effect modifiers and radiological damage turned 
out to be the only significant effect modifier when assessing FFM%, and consequently 
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FM%, exclusively in study center A. Since interference of disease specific effects seemed 
small in our study, we wonder whether an RA-specific equation is able to bridge the gap 
between DXA and BIA.

Outside rheumatology, BIA has also shown to be an unreliable method for the 
assessment of FFM(kg) and FM(kg), for example in patients with cystic fibrosis, heart 
failure, and advanced cancer, in whom especially accuracy at individual level was poor.23,37-

39 Taken all together, BIA might not be a suitable device for the assessment of body 
composition in a clinical settings.23

A strength of our study is its unique design, in which BIA was compared with two 
different reference method devices. So far, only a few DXA-BIA comparison studies 
have been performed this way, if performed at all. There is often no gold standard for 
the assessment of body composition available in clinical practice, and all commonly 
used reference methods are indirect, requiring various assumptions, and creating some 
error.19 DXA might be one of the most suitable reference methods for use in clinical 
studies. However, our study supports the growing body of evidence that measurements 
of different DXA scanners cannot be used interchangeably.20,40,41 Therefore, we strongly 
advise to analyze results of multiple DXA devices in future comparison studies. 

A limitation of our study might be the relatively small study population. However, 
additional sensitivity analyses performed in larger datasets confirmed our main results. 
Additional tests for selection bias showed no significant differences between the larger 
study populations and our main study population of 43 patients (data not shown). Yet, we 
have to keep in mind that additional error might be introduced in the sensitivity analyses, 
caused by the larger time lap between the measurements.

Another potential limitation might be that some patients deviated from the protocol, 
or had characteristics that might have influenced BIA assessment, like no overnight fast 
or use of diuretics. Yet, elaborate sensitivity analyses showed that all major results of the 
comparison study were maintained, and that these deviations did not have a large impact 
after all. In addition, research has shown that food and fluid intake do not have a large 
impact on the assessment of FFM(kg) and FM(kg) by DXA or BIA.42

Summarizing, this study demonstrated the unreliability of BIA for the assessment of 
body composition in RA patients, especially since large absolute differences were found 
at individual level. Differences between DXA and BIA assessment were depended on 
the DXA device used, and therefore both methods cannot be used interchangeably. We 
recommend to use DXA for an accurate and reliable assessment of both FFM and FM 
components of body composition of RA patients in clinical practice. 
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