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Making the invisible visible: 
bioelectrical impedance analysis demonstrates 
unfavourable body composition in rheumatoid 

arthritis patients in clinical practice 

Nicole Konijn, Lilian van Tuyl, Irene Bultink, Willem Lems, 
Carrie Earthman and Marian de van der Schueren

Scand J Rheumatol 2014;43(4):273-8
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Objective: To examine diff erences between the assessment of body composition by 
body mass index (BMI) and bioelectrical impedance analysis (BIA) in patients with 
rheumatoid arthritis (RA).

Method: The body composition of RA patients was assessed during their visit to the 
outpatient department of a Dutch academic hospital using BMI, Fat Free Mass Index 
(FFMI) and Fat Mass Index (FMI). FFMI and FMI were determined by single-frequency BIA. 

Results: Sixty-fi ve consecutive RA patients (83% women, mean age 58 years, median 
disease duration 7 years) with moderately active disease (mean DAS28: 3.40; mean RADAI: 
3.49) and moderate disability (mean HAQ: 0.87) were included. Based on BMI, 2% of our 
study population were underweight, 45% had a healthy body composition, and 54% was 
overweight or obese. Based on BIA, 18% of the patients showed a low FFMI, and 74% had 
a high or very high FMI. Low FFMI was found in 44% of the women with a normal BMI, 
and high FMI was found in 40% of the women and 75% of the men with a normal BMI.

Conclusions: A high frequency of unfavourable body composition, predominantly 
reduced FFMI and elevated FMI, was found in a cohort of RA patients with moderately 
active disease, turning BMI into an unreliable method for assessment of body composition 
in RA. BIA, however, might be the preferred method to assess FFMI and FMI in RA patients 
in clinical practice, as it is easy-to-use and relatively inexpensive.A
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Introduction
Rheumatoid arthritis (RA) is characterized by chronic systemic inflammation, causing 
joint inflammation, disuse of muscles, and metabolic changes in the body, which in 
turn contribute to loss of fat free mass (FFM). In the last decade, multiple studies have 
demonstrated abnormal, unfavourable body composition in RA patients, often showing 
reduced FFM, which may have serious consequences for their morbidity and functional 
capacity.1-8 However, increased fat mass (FM) and obesity are also often observed in RA, 
factors which are, at least in non-rheumatoid populations, associated with an increased 
risk of diabetes, hypertension and cardiovascular disease.3,7,9-11 

Therefore, careful assessment of body composition seems to be of major importance 
in RA patients. Body mass index (BMI) is a simple parameter that has been widely used 
as an indication of body composition in healthy populations. However, BMI may fail to 
identify the loss of FFM and gain in FM often present in (weight stable) RA patients, a 
condition called ‘rheumatoid cachexia’ .3,5,6 An estimator of FFM and FM may be potentially 
more useful in evaluating body composition in RA patients.

Preferably, FFM and FM should be assessed by dual-energy X-ray absorptiometry 
(DXA), which is considered to be a reference method for body composition, used in many 
clinical research studies. However, DXA is an expensive and time-consuming technique, 
requiring a non-portable DXA instrument and trained radiologists. In the current financial 
climate, a less expensive and mobile, easy-to-use method, with acceptable accuracy and 
reliability, would be preferred. Bio-electrical impedance analysis (BIA), a method that 
requires a relatively inexpensive BIA device that is easy to use in clinical practice, might be 
a second best method to assess FFM and FM in RA patients. 

In this study, we investigated the differences in assessment of body composition by 
BMI and BIA in RA patients.

Method

Study population
RA patients were recruited consecutively during their regular visit to the outpatient 
rheumatology department at the VU University Medical Center in Amsterdam (The 
Netherlands) between February and April 2011, and examined on the same day. 
Patients were included when they met the 1987 ACR criteria for RA. Because of possible 
disturbance in body composition, exclusion criteria were: chronic heart failure, moderate 
or severe renal failure (estimated glomerular filtration rate <40 ml/min), liver disease, 
current malignancy, and pregnancy. As BIA measurements cannot be performed on 
patients wearing a pacemaker or having artificial joints or metal elements in their body, 
these patients were also excluded from participation. The study protocol was approved by 
the local Medical Ethical Committee. 
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Body composition parameters 
To assess BMI, current body weight was measured during the patients’ visit, without 
shoes, to the nearest 0.1 kg on a digital scale (Seca Deutschland, Hamburg, Germany) and 
corrected for clothing.12 Height was also measured, without shoes, to the nearest 0.1 cm. 
BMI was calculated as ratio weight/height2 (kg/m2) and categorized as ‘low’ (<18.5 kg/m2), 
‘normal’ (18.5-24.9 kg/m2), ‘high’ (25.0-29.9 kg/m2), or ‘very high’ (≥30.0 kg/m2) according 
to the sex independent World Health Organisation (WHO) categories.13 

To assess FFM, single-frequency BIA measurements were made using a Quadscan 4000 
device (Bodystat Ltd., Isle of Man, United Kingdom). The measurements were performed 
with patients lying ten minutes in the supine position on a flat, non-conductive bed, 
without wearing any metal and without parts of the body touching one another. The 50 
kHz data were applied to a published equation generated from a cohort of healthy elderly 
adults: FFM (kg) = - 4.104 + (0.518 height2/resistance) + (0.231 weight) + (0.130 reactance) 
+ (4.229 sex).14 Because absolute FFM is dependent on height, Fat Free Mass Index (FFMI) 
was calculated: FFMI (kg/m2) = FFM (kg) / height2 (m2). FFMI data of men and women, 
respectively, were categorized as ‘low’ (≤16.6 kg/m2), (≤14.5 kg/m2); ‘normal’ (16.7-19.7 kg/
m2), (14.6-16.7 kg/m2); ‘high’ (19.8-21.6 kg/m2), (16.8-18.1 kg/m2); and ‘very high’ (≥21.7 
kg/m2), (≥18.2 kg/m2) using normative values from a large healthy European reference 
population as published by Kyle et al.15

FM was calculated by subtracting FFM from current body weight. Subsequently, FMI 
was calculated as: FMI (kg/m2) = FM (kg) / height2 (m2). FMI data of men and women, 
respectively, were categorized as ‘low’ (≤1.7 kg/m2), (≤3.8 kg/m2); ‘normal’ (1.8-5.1 kg/m2), 
(3.9-8.1 kg/m2); ‘high’ (5.2-8.2 kg/m2), (8.2-11.7 kg/m2); and ‘very high’ (≥8.3 kg/m2), (≥11.8 
kg/m2) using the normative values of Kyle et al.15 

To compare our results with earlier studies on this topic,3,16 low muscle mass was defined 
as FFMI<10th percentile, and obesity as FMI>90th percentile,17 using percentile values for FFMI 
and FMI from the large healthy European reference population of Schutz et al.18 Prevalence 
of ‘rheumatoid cachexia’, defined as FFMI<10th percentile and FMI>25th percentile in earlier 
studies,3,16,19 was also calculated using the percentile values of Schutz et al.18 

Clinical parameters
Disease activity was assessed using both the Disease Activity Score of 28 joints (DAS28) 
and the Rheumatoid Arthritis Disease Activity Index (RADAI) questionnaire. Physical 
functioning of patients was determined by the Health Assessment Questionnaire (HAQ). 
To assess inflammatory activity, erythrocyte sedimentation rate (ESR), C-reactive protein 
(CRP) and haemoglobin (Hb) levels were obtained from medical files. Pain and fatigue 
were assessed with a 100 mm visual analogue scale. Information about disease duration, 
medication use, comorbidities, presence or absence of IgM rheumatoid factor, antibodies 
against cyclic citrullinated peptides, and radiographic erosions was obtained from 
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the medical files of the patients. Information about demographic and lifestyle factors 
was acquired from medical files and from a short patient interview at the moment of 
examination. 

Statistics
Data are presented as mean (SD) or median (interquartile range), depending on whether 
data were normally distributed or not. Likewise, differences between patient subgroups 
were analysed by Independent T-Tests and Mann Whitney-U tests. Chi Square tests were 
used to evaluate differences in proportions. All data were analyzed using the statistical 
software program IBM SPSS Statistics, release 20.0 (SPSS Inc, Chicago, Illinois, United 
States). P-values<0.05 were considered significant. 

Results

Patient characteristics 
Patient characteristics are presented in Table 1. Our cohort consisted of 65 RA patients 
(54 women and 11 men), with a mean age of 58 years (range 26-88 years). Men were 
significantly older than women (67 versus 56 years, respectively). Otherwise, there were 
no significant differences between men and women, except for the sex-dependent 
parameters FFMI, FMI and Hb. Median disease duration was 7 years. The majority of our 
study population showed a moderate disease activity (mean DAS28: 3.40; mean RADAI: 
3.49), whereas 32% of the patients were in clinical remission (DAS28<2.60). The mean HAQ 
score of 0.87 indicates a mild to moderately disabled RA population. Sixty-nine percent 
of the patients had one or more concomitant disorders, of which hypertension was most 
common (40%). 

Body composition parameters
The mean BMI of our study population was 26.1 kg/m2, which is in the overweight range 
(Table 1). Table 2 shows the frequency distribution of BMI, FFMI and FMI categories within 
our study population. Based on WHO cut-off points for BMI,13 2% of our study population 
were underweight, 45% had a healthy body composition, 37% were overweight, and 17% 
obese. 

The results of BIA, allowing us to distinguish between FFMI and FMI, show that 18% 
of our study population had a low FFMI, 55% a normal FFMI and 26% a high or very high 
FFMI. Low FFMI was found in 44% of the women with a normal BMI. In addition, 26% of our 
study population had a normal FMI, 46% high FMI and 28% very high FFMI. High FMI was 
found in 40% of the women and in 75% of the men with a normal BMI.
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TABLE 1. Patient characteristics

Variables All (n=65) Women (n=54) Men (n=11)

Demographic & RA-related

Age (y)  58 (14) 56 (14) 67 (9)

Disease duration (y)  7 [10]  7 [9] 7 [12]

IgM RF positivity (%)  59.4  57.4 70.0

aCCP positivity (%) †  75.0  72.9 87.5

Radiographic erosions (%)  46.2  42.6 63.6

DAS28 ‡  3.40 (1.44)  3.37 (1.38) 3.62 (1.95)

RADAI  3.49 (1.91)  3.52 (1.87) 3.36 (2.15)

HAQ  0.87 (0.60)  0.91 (0.61) 0.69 (0.56)

Pain (100 mm VAS)  50 [50] 50 [50] 50 [60]

Fatigue (100 mm VAS)  60 [20] 60 [20] 60 [50]

Anthropometrics

BMI (kg/m2)  26.1 (5.0)  26.0 (5.3)  26.5 (3.2)

FFMI (kg/m2)  16.31 (2.17)  15.76 (1.88)  19.04 (1.31)

FMI (kg/m2)  9.79 (3.58)  10.26 (3.62)  7.49 (2.38)

Inflammatory activity

CRP (mg/l) ¥  2.50 [4.50]  2.50 [4.30]  4.00 [11.50]

ESR (mm/h) £  13.50 [19.00]  12.50 [19.00] 15.00 [13.00]

Hb (g/dl) §  13.81 (1.25)  13.51 (1.07)  15.12 (1.15)

Comorbidities

Total number of comorbidities  1 [2] 1 [2]  1 [3]

 Hypertension (%)  40.0  35.2  63.6

 Mild heart disease (%)  16.9  13.0  36.4

 Hypercholesterolemia (%)  10.8  7.4  27.3

 Diabetes Mellitus (%)  9.2  9.3  9.1

Medication use

Total number of prescriptions  6 [4] 6 [4]  7 [6]

 Corticosteroids (%)  36.9  35.2  45.5

 Synthetic DMARDs (%)  89.2  88.9  90.9

 Biological agents (%)  41.5  46.3  18.2

 NSAIDs or coxibs (%)  46.2  46.3  45.5

Data are presented as mean (SD) for normally distributed variables and as median [interquartile range] for non-parametric variables;  
† n=56, ‡ n=38, ¥ n=39, £ n=58, § n=59; aCCP = Anti Cyclic Citrullinated Peptide, BIA = Bio-electrical Impedance Analysis, BMI = Body Mass 
Index, CRP = C-Reactive Protein, DAS28 = Disease Activity Score based on 28 joints, DMARDs = Disease Modifying Anti-Rheumatic Drugs, 
ESR = Erythrocyte Sedimentation Rate, FFMI = Fat Free Mass Index, FMI = Fat Mass Index, HAQ = Health Assessment Questionnaire, 
Hb = Haemoglobin, IgM RF = IgM Rheumatoid Factor, NSAIDs = Non-Steroidal Anti-Inflammatory Drugs, RA = Rheumatoid Arthritis, 
RADAI = Rheumatoid Arthritis Disease Activity Index and VAS = Visual Analogue Scale. 
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Furthermore, 20% of the patients in our study had an FFMI<10th percentile (22% women 
and 9% men), indicating low muscle mass, and 31% of our study population had an 
FMI>90th percentile (30% women and 36% men), which could classify these patients 
as obese. The prevalence of ‘rheumatoid cachexia’, defined as FFMI<10th percentile and 
FMI>25th percentile, in our cohort was 17% (19% women and 9% men).

In this study, chronic steroid use was not associated with parameters of body 
composition.

TABLE 2. Frequency distribution of BMI, FFMI and FMI categories within our study population

A. All: n=65 (100%)

Low BMI Normal BMI High BMI Very high BMI Total

Low FFMI 1 (1.5%) 11 (16.9%) - - 12 (18.4%)
Normal FFMI - 18 (27.7%) 18 (27.7%) - 36 (55.4%)
High FFMI - - 6 (9.2%) 4 (6.2%) 10 (15.4%)
Very high FFMI - - - 7 (10.8%) 7 (10.8%)
Total 1 (1.5%) 29 (44.6%) 24 (36.9%) 11 (17.0%) 65 (100.0%)
Low FMI - - - - -
Normal FMI 1 (1.5%) 16 (24.6%) - - 17 (26.1%)
High FMI - 13 (20.0%) 17 (26.2%) - 30 (46.2%)
Very high FMI - - 7 (10.8%) 11 (16.9%) 18 (27.7%)
Total 1 (1.5%) 29 (44.6%) 24 (37.0%) 11 (16.9%) 65 (100.0%)

B. Women: n=54 (83%)

Low BMI Normal BMI High BMI Very high BMI Total

Low FFMI 1 (1.8%) 11 (20.4%) - - 12 (22.2%)
Normal FFMI - 14 (25.9%) 15 (27.8%) - 29 (53.7%)
High FFMI - - 3 (5.6%) 3 (5.6%) 6 (11.2%)
Very high FFMI - - - 7 (12.9%) 7 (12.9%)
Total 1 (1.8%) 25 (46.3%) 18 (33.4%) 10 (18.5%) 54 (100.0%)
Low FMI - - - - -
Normal FMI 1 (1.8%) 15 (27.8%) - - 16 (29.6%)
High FMI - 10 (18.5%) 15 (27.8%) - 25 (46.3%)
Very high FMI - - 3 (5.6%) 10 (18.5%) 13 (24.1%)
Total 1 (1.8%) 25 (46.3%) 18 (33.4%) 10 (18.5%) 54 (100.0%)

C. Men: n=11 (17%)

Low BMI Normal BMI High BMI Very high BMI Total

Low FFMI - - - - -
Normal FFMI - 4 (36.3%) 3 (27.3%) - 7 (63.6%)
High FFMI - - 3 (27.3%) 1 (9.1%) 4 (36.4%)
Very high FFMI - - - - -
Total - 4 (36.3%) 6 (54.6%) 1 (9.1%) 11 (100.0%)
Low FMI - - - - -
Normal FMI - 1 (9.1%) - - 1 (9.1%)
High FMI - 3 (27.3%) 2 (18.2%) - 5 (45.5%)
Very high FMI - - 4 (36.3%) 1 (9.1%) 5 (45.4%)
Total - 4 (36.4%) 6 (54.5%) 1 (9.1%) 11 (100.0%)

BMI = Body Mass index, FFMI = Fat Free Mass Index and FMI = Fat Mass Index.
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Discussion
This cross-sectional study examined the differences between the assessment of body 
composition by BMI and BIA in 65 patients (83% women) with moderate to active RA, mild 
to moderate disability and a median disease duration of seven years. 

Based on BMI, 2% of our study population were underweight, 45% had a healthy body 
composition, and 54% were overweight or obese. The results of BIA, which allowed us to 
distinguish between FFMI and FMI, showed that 18% of our study population had a low 
FFMI and 74% had a high or very high FMI. In 22% of our female patients and in 9% of 
our male patients, FFMI was below the 10th percentile of a healthy reference population. 
Furthermore, 30% of our female study population and 36% of our male study population 
reported a FMI>90th percentile, indicating obesity. Moreover, 17% of the study population 
had both a low FFMI (<10th percentile) and a high FMI (>25th percentile), a condition 
defined as ‘rheumatoid cachexia’.6 Our female results are in agreement with results of 
earlier studies by Elkan et al. In males, Elkan observed an even higher frequency of low 
FFMI and high FMI measured by the DXA method.3,16 

Our data confirm that an abnormal body composition is highly prevalent in RA 
patients, even when patients are treated following modern guidelines aimed at remission, 
and remains undetected by the measurement of BMI alone: the percentages of obesity 
among women (19%) and men (9%) based on BMI measurement were much lower than 
the percentages of obesity for women and men based on a conservative cut-off point FMI 
>90th percentile (30% and 36%, respectively), indicating that the obesity problem may be 
even larger than described. Furthermore, low FFMI was found in 44% of the women with 
a normal BMI and high FMI was found in 40% of the women and 75% of the men with a 
normal BMI, results that underline the limited value of BMI measurement in RA patients.20 

Stavropolous-Kalinoglou21 and Katz22 both suggested new RA specific BMI cut-
off points, which are lower than the current WHO cut-off values, therefore classifying 
an even larger proportion of RA patients as overweight and obese. However, standard 
anthropometric measurements, including body weight and BMI, are insensitive to 
demonstrate the changes in body composition that often occur in (weight stable) RA 
patients.23 Actual assessment of body composition by methods such as BIA seem to be 
essential in this patient group, providing valuable and detailed information in terms 
of FFMI and FMI, facilitating early recognition of abnormal and unfavourable body 
composition in everyday clinical practice.11,23

The abnormal body composition demonstrated in our RA subjects could have multiple 
serious consequences in terms of increased morbidity and decreased functional capacity. 
Low FFMI may affect their quality of life by causing decreased muscle strength, altered 
energy metabolism and depressed immune function.1-8 Increased FM and obesity may 
increase the risk of diabetes, hypertension and cardiovascular disease.3,7,9-11 Preservation 
of FFM and a healthy FMI is therefore of significant importance in RA patients. Physical 
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exercise programmes that combine aerobic exercises with progressive skeletal muscle 
strength training have been shown to be the most effective therapeutic intervention and 
clinically relevant countermeasure for RA patients with a low FFMI and/or high FMI.24,25 

Assessment of FFMI and FMI is preferable to BMI measurements in RA patients as 
it permits a more precise and detailed evaluation of nutritional status.15,17,18 FFMI and 
FMI can both be assessed by DXA, often considered a reference standard for body 
composition. However, DXA is relatively expensive, which might make it less acceptable 
in the current financial situation if accurate, less expensive methods are readily available. 
Furthermore, DXA is time-consuming and requires trained radiologists. BIA might be the 
preferred option to assess FFMI and FMI in clinical practice, as it is an easy-to-use, portable 
and relatively inexpensive method that can be performed in less than ten minutes by 
nurses and rheumatologists themselves. In addition, BIA might be particularly useful for 
monitoring changes in body composition in RA patients when starting a (new) treatment 
strategy.3

However, both the BIA method and the equation used to calculate FFM,14 and thus 
FFMI and FMI, have not yet been validated against DXA or another reference method in RA 
patients, and potential violations of underlying assumptions due to the disease could lead 
to questionable results. On the other hand, RA patients are not known to demonstrate 
large deviations from normal hydration status, and therefore we expect that 50 kHz BIA 
measures could give a reasonable estimate of FFM and FM. One earlier study reported 
relatively good agreement between DXA and BIA measurements in RA patients, although 
limits of agreement were wide.3

In summary, the results of this cross-sectional study demonstrate that RA patients 
often show abnormal, unfavourable body composition, predominantly reduced FFMI and 
elevated FMI. Because of this imbalance between FFMI and FMI, BMI measurement has 
limited value for assessment of body composition in RA patients. BIA, on the other hand, 
might be a convenient easy-to-use, rapid and relatively inexpensive method to assess 
body composition, in particular FFMI and FMI, in RA patients in clinical practice. As BIA is 
not yet validated in RA, it is important to test its accuracy and reliability in this population; 
validation work is currently being performed by our research group in Amsterdam.
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