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Abstract We evaluated the reliability of serum creatinine
concentration (Scr) to estimate renal function in patients
with rheumatoid arthritis (RA). To quantify muscle volume
(study 1) the lean body mass (LBM) in 25 women RA
patients and 10 controls was measured using dual X-ray
absorptiometry (DEXA). The 60-min creatinine clearance
(Ccr60) and 60-min urinary excretion of creatinine (Ucr60)
were also determined. The Ucr60 and LBM of the extremi-
ties, which were significantly correlated (r 5 0.757, P ,
0.0001), were lower in patients with long-standing and ad-
vanced RA than in controls. In study 2, the 24-h creatinine
clearance (Ccr24) and 24-h urinary excretion of creatinine
(Ucr24) were determined retrospectively in 82 women RA
patients and 120 controls with normal Scr. The Ccr of long-
standing and advanced RA patients was significantly lower
than that of the controls, although the Scr of the long-
standing RA patients was significantly lower than that of
the advanced RA patients. The upper limit of the normal
Scr for RA patients was calculated as being approximately
10% lower than that for controls. Thus, the renal function
estimated from Scr may be overestimated in patients with
long-standing and advanced RA because of their muscle
atrophy.
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Introduction

Renal failure has been the second or third most important
cause of death in patients with rheumatoid arthritis (RA).1–3

Renal involvement in RA patients derives from several
different causes, such as drug-induced nephropathy, second-
ary AA-amyloidosis, rheumatoid vasculitis, or possibly
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nephropathy due to RA itself.4–6 Although the frequency
of subclinical renal dysfunction is relatively high in RA
patients,7 it often remains insidious until an advanced stage
of renal insufficiency because of a lower serum creatinine
concentration (Scr) in RA patients than in normal con-
trols.2,8,9 It is of critical importance to have accurate informa-
tion about the renal function of RA patients because the
drugs used in these patients are often excreted through the
kidneys. Thus, most nonsteroidal anti-inflammatory drugs
(NSAIDs) and methotrexate are excreted through the kid-
neys, and it would be dangerous to administer them without
knowing the state of renal function.

The level of creatinine clearance (Ccr) is widely used to
estimate the glomerular filtration rate (GFR). However, Scr
is commonly taken as an index of renal function since the
measurement of Ccr is inconvenient in outpatient clinics.
Previous investigators have suggested that Scr might be low
in RA patients, probably due to their muscle atrophy.8,9

However, it has not been clearly demonstrated how muscle
atrophy is related to low Scr levels in RA patients. In this
paper, we quantified muscle mass by measuring lean body
mass (LBM) using dual X-ray absorptiometry (DEXA),
and examined the relationship between low Scr and muscle
atrophy in RA patients. We also evaluated the usefulness of
Scr as a parameter of renal function in hospitalized RA
patients with normal Scr by determining their 24-h creati-
nine clearance (Ccr24).

Patients and methods

Study 1: creatinine clearance and muscle volume

Patients

Twenty-five women patients with RA and 10 women con-
trols participated in this prospective study. Men patients
were excluded from this study since there were only small
number of them. All the patients fulfilled American Rheu-
matism Association 1987 revised criteria for the classifica-
tion of RA (ACR criteria).10 “Long-standing RA” was
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defined as RA patients with stage III–IV by Steinbrocker’s
radiological progression stages11 and a disease duration of
more than 10 years. All subjects were ambulatory outpa-
tients attending the Institute of Rheumatology, Tokyo
Women’s Medical University. None of the patients in the
control group, which consisted of patients with osteoarthri-
tis (n 5 3), hyperuricemia (n 5 3), and other miscellaneous
diseases (n 5 4), had either arthralgia or myalgia at the time
of the study. None of the patients or controls had edema,
varices, or tumors in the extremities. Informed consent was
obtained from all the subjects who participated in this study.

Methods

Creatinine concentrations in serum and urine were mea-
sured by Jaffe’s method. The 60-min creatinine clearance
test (Ccr60) was done at the outpatient clinic. For Ccr60,
subjects were given 500ml water orally just before the test
to ensure an adequate urine flow. Patients were instructed
to discard their first urine collection at the start of the test,
and then to collect their urine at 60min and 120min from
the starting time. The time for urine collection was recorded
exactly. A blood sample was obtained 60min after the start-
ing time. The volume of urine collected was measured accu-
rately, and serum and urine concentrations of creatinine
were determined. Ccr is obtained by the formula

Ccr 5 U 3 V/Scr

where U is urinary creatinine concentration, V is urine flow
rate, and Scr is serum creatinine concentration. If Ucr60
denotes the 60-min urinary creatinine excretion (mg/h),
BSA is the body surface area (m2), and 1.48 is the average
Japanese BSA (m2), the Ccr60 is calculated using the
formula

Ccr60 (ml/min) 5 (Ucr60 (mg/h) 3 1.48 (m2) 3 100 (ml))/
(Scr (mg/dl) 3 BSA (m2) 3 60 (min))

The average value of two serial determinations of Ccr60
was used.

Total body composition was measured using a scanner
(Expert No. 1205, Lunar Radiation Corporation, Madison,
WI, USA) as described previously.12,13 The regional LBM,
i.e., the upper limbs, trunk, and lower limbs, was obtained
by dividing the figure of the body on the monitor screen of
the DEXA machine. The upper limbs were separated from
the trunk by a midaxillary line, and the lower limbs by a line
that connected the anterior superior iliac spine with the
pubic symphysis. While lean tissue in the extremities con-
sists of mainly muscle, that of the trunk contains many other
organs.

Study 2: retrospective study on creatinine clearance and
serum creatinine concentration

Patients

The clinical records of 82 women RA patients and 120
women controls with normal Scr were reviewed retrospec-
tively. All the subjects were admitted to Aoyama Hospital,

Tokyo Women’s Medical University, and their renal func-
tion was evaluated by Ccr24. All RA patients fulfilled the
ACR criteria. The numbers of RA patients in Steinbrocker
stages I, II, III, and IV were 9, 32, 16, and 25, respectively.
Controls consisted of patients with cardiovascular diseases
(n 5 83), gastrointestinal diseases (n 5 35), and other mis-
cellaneous diseases (n 5 2).

Methods

Ccr24 was measured in all RA patients at least twice during
their period of admission, and the average value was used
for analysis. Ccr24 is obtained by the formula

Ccr24 (m./min) 5 (Ucr24 (mg/day) 3 1.48 (m2)
3 100 (m.))/(Scr (mg/dl) 3 BSA (m2)
3 1440 (min))

where Ucr24 denotes 24-h urinary creatinine excretion
(mg/day).

Normal concentrations of Scr for women in our institute
were 0.6–1.1mg/dl, and the lower limit of the normal range
for Ccr was 70ml/min/1.48m2. In this study, “normal Ccr”
was defined as 60ml/min/1.48m2 or more, and “decreased
Ccr” as a Ccr below 40ml/min/1.48m2, since GFR is known
to decrease in older people,14 and the average age of patients
and controls in this study was around 60 years.

Statistics

The results are expressed as the mean 6 SD, and statistical
analyses were done by Student’s unpaired t-test and
Fisher’s exact probability test. The Ucr60 and LBM of the
extremities were analyzed by linear regression and the cor-
relation coefficient. Differences with a P value of ,0.05
were considered to be statistically significant.

Results

Study 1: Ccr and LBM

Table 1 shows the clinical features and the results of the
analysis of total and regional LBM for RA patients and
controls in study 1. RA patients were older and had a
smaller body surface area than controls, but the differences
were not significant. The Ucr60 with long-standing RA was
significantly lower than that of controls. The Ccr with long-
standing RA was also significantly lower than that of con-
trols, but the difference in Scr between the two groups was
not statistically significant.

No differences were observed either in total LBM or
LBM of the trunk among the three groups. The LBM
values for the extremities, especially those for legs, were
significantly lower in the long-standing RA patients than in
controls. However, no differences in the LBM values for
upper limbs were found among the three groups. Thus,
muscle atrophy was prominent in the lower extremities of
patients with advanced RA.
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The correlation between Ucr60 and the LBM of the
extremities measured by DEXA was significant (Fig. 1).
The correlation coefficient was 0.757, and the following
regression equation was obtained:

Ucr60 5 2.908 3 LBMext 2 1.033

where LBMext is the LBM of the extremities expressed in
kilograms.

Study 2: Ccr and Scr

The clinical features of the subjects are shown in Table 2.
No significant differences in age were seen between the
“whole RA” (no muscle atrophy), “long-standing RA,” and
control subjects. RA patients, especially those with long-
standing RA, showed smaller body surface areas as
compared with the control subjects. The average Scr and
Ucr24 of the RA groups were significantly lower than those
of the controls. There were no significant differences in
Ccr24 between whole RA patients and controls. On the
other hand, the level of Scr with long-standing RA was
significantly lower than that of controls, although the Ccr24
of the former group was significantly lower than that of the
latter.

The number of patients with decreased Ccr but normal
Scr was significantly higher in both whole RA and long-
standing RA patients than in controls (Table 3). These
patients could be said to have a “false normal Scr.” Thus,
the usual normal range of Scr cannot be applied to patients
with RA.

As a next step, we determined the mean and SD values
of the Scr of the subjects who had normal Ccr values. As
shown in Table 4, Scr values in the whole RA and long-

Table 1. Clinical features and values of several parameters of subjects in Study 1

Whole RA Long-standing RA Control

Number 25 8 10
Age (years) 61.2 6 10.0 64.0 6 7.7 56.9 6 11.2
Body surface area (m2) 1.43 6 0.12 1.41 6 0.13 1.52 6 0.13
Disease duration (years) 7.6 6 6.5 12.1 6 1.6 –
CRP (mg/dl) 1.0 6 1.4 1.7 6 2.1 –
Scr (mg/dl) 0.83 6 0.43 1.04 6 0.63 0.68 6 0.13
Ucr60 (mg/h) 30.9 6 7.0 27.6 6 6.1* 35.3 6 6.8
Ccr60 (ml/min/1.48 m2) 74.0 6 24.9 58.6 6 27.6* 86.9 6 21.5
Lean body mass (kg)

Extremities 11.1 6 1.9 10.5 6 1.6* 12.3 6 1.6
Upper extremities 2.4 6 0.6 2.3 6 0.8 2.6 6 0.6
Lower extremities 9.0 6 1.2 8.2 6 1.0* 9.7 6 1.2

Trunk 19.7 6 2.2 20.2 6 1.9 20.5 6 1.3
Total 30.8 6 3.6 30.7 6 2.6 32.8 6 2.7

Steinbrocker’s stage and class
Stage I 5 0 –
Stage II 4 0 –
Stage III 8 2 –
Stage IV 8 6 –
Class I 8 3 –
Class II 17 5 –
Class III 0 0 –
Class IV 0 0 –

* P , 0.05 compared with long-standing RA and control (unpaired Student’s t-test)

Fig. 1. Relationship between the lean body mass of the extremities
(LBMext) measured using dual X-ray absorptiometry and 60-min uri-
nary excretion of creatinine (Ucr60)in 35 subjects, including 25 patients
with RA (closed circles) and 10 controls (open circles). There was
a significant correlation between these parameters (correlation
coefficient 0.757, P , 0.0001), and the following regression equation
was obtained: Ucr60 5 2.908 3 LBMext 21.033
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standing RA groups were significantly lower than those in
the control subjects. If the subjects with normal Ccr values
were considered as having a normal renal function, the
normal range of Scr for RA patients should be set at a range
different from that for the control subjects. The new upper
limits of normal Scr ranges should thus be defined as the
mean 12 SD; that is, 0.87, 0.88, and 0.99mg/dl for whole
RA, long-standing RA, and control subjects, respectively.
In other words, the upper limit of the “normal Scr range”
for RA patients should be reset to a value approximately
10% lower than that for controls.

We also compared the strength of the correlation be-
tween indicators of muscle mass and various other factors in
RA patients. Various parameters of RA patients, including
age, body weight, height, Steinbrocker’s stage, and duration

of RA, were correlated significantly with LBM, Ucr60, or
Ucr24. The Spearman’s rank correlation test among the
82 RA patients in study 2 showed that the index of
Steinbrocker’s stage correlated most closely with Ucr24
(Table 5).

Discussion

In the first study, we showed a significant positive correla-
tion between Ucr60 and the LBM of extremities measured
by DEXA. Both of these parameters were lower in patients
with long-standing RA. Physical inactivity, general waste by
active inflammation, and the use of corticosteroids may lead
to loss of muscle mass in RA patients. The existence of
muscle atrophy is apparent in RA patients, although this
muscle exhaustion with RA has not been well quantified by
fully convincing methods to date. The introduction of total
body DEXA has made it possible to measure bone, fat, and
LBM throughout the body. Using DEXA, Westhovens et
al.15 recently demonstrated a significant decrease of LBM in
all body parts as well as an increase of central fat in RA
patients. They found a substantial decrease in LBM in the
trunk, and the highest loss of LBM in the legs, and sug-
gested that chronic illness (rheumatoid cachexia) rather
than local disuse might be involved. In our series, there

Table 2. Clinical features and values of several parameters of the subjects in study 2

Whole RA Long-standing RA Control

Number 82 24 120
Age (years) 57.4 6 12.5 60.3 6 8.4 59.5 6 12.6
Body surface area (m2) 1.43 6 0.14** 1.38 6 0.11*** 1.49 6 0.12
Disease duration (years) 8.1 6 7.4 17.3 6 6.4 –
Scr (mg/dl) 0.65 6 0.16** 0.64 6 0.20** 0.74 6 0.16
Ucr24 (mg/day) 585 6 191*** 475 6 147*** 699 6 200
Ucr24 (mg/day/1.48 m2) 605 6 198** 509 6 152*** 694 6 199
Ccr24 (ml/min/1.48 m2) 66.2 6 21.2 58.3 6 19.4* 66.0 6 16.8

Steinbrocker’s stage
Stage I 9 0 –
Stage II 32 0 –
Stage III 16 7 –
Stage IV 25 17 –

* P , 0.05; **P , 0.01; *** P , 0.001 compared with whole or long-standing RA and control
(unpaired Student’s t-test)

Table 3. Number of patients with a false normal serum creatinine in
whole RA, long-standing RA, and control subjects

Whole RA Long-standing RA Control
(n 5 82) (n 5 24) (n 5 120)

Patients with normal 73 20 116
Scr and a Ccr of
$40ml/min/1.48m2

Patients with normal 9* (11.0%) 4* (16.7%) 4 (3.3%)
Scr and a Ccr of
,40ml/min/1.48m2

* P , 0.05 compared with whole or long-standing RA and control
(Fisher’s exact probability test)

Table 4. Serum creatinine levels in RA patients and controls with a
normal creatinine clearance (.60ml/min/1.48 m2)

Whole RA Long-standing RA Control

No. of patients 50 10 78
Age (years) 52.7 6 12.2 55.7 6 6.3 56.9 6 13.4
Scr (mg/dl) 0.61 6 0.13* 0.56 6 0.16** 0.71 6 0.14
Mean 1 2SD 0.87 0.88 0.99

* P , 0.0001; **P , 0.005 compared with whole or long-standing RA
and control (unpaired Student’s t-test)

Table 5. Comparison of the correlation coefficients between lean body
mass of extremities (LBMext) or urinary excretion of creatinine (Ucr)
and various other factors of RA patients

Study 1 (n 5 25) Study 2 (n 5 82)

LBMext Ucr60 Ucr24

Age 20.28 20.46* 20.34**
Body weight 0.58** 0.49* 0.27*
Height 0.51* 0.56** 0.15
Steinbrocker’s stage 20.52* 20.25 20.37***
Duration of RA 20.44* 20.30 20.25*

* P , 0.05; **P , 0.01; *** P , 0.001 (Spearman’s rank correlation
test)
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were no differences in the LBM of the trunk, and only the
LBM of the legs was significantly lower with long-standing
RA, suggesting an important role of local factors in the loss
of muscle mass in the extremities. The discrepancy between
the two studies was most likely to be due to sample selection
bias. The subjects in the study by Westhovens et al. showed
a more severe functional disability (Steinbrocker’s func-
tional index 2.38–2.76) than that shown by our patients in
study 1 (see Table 1). Our study 1 patients were ambulatory
and reasonably well controlled, as shown by their CRP
levels, although 60% of them had arthralgia affecting their
knees.

Because the LBM for the trunk includes many non-
muscular organs, the LBM for the extremities, rather
than the total LBM, may correlate more strongly with total
body muscle mass. In fact, the correlation coefficient be-
tween Ucr60 and the LBM of the extremities was higher
than that between Ucr60 and total LBM, (0.757 vs. 0.684).
Therefore, we suggest that the LBM of the extremities is a
better measure of the total body muscle mass than the total
LBM.

In study 2, the renal function and the Ucr24 of RA
patients and controls were analyzed by reviewing their clini-
cal records. The patients with long-standing RA showed a
lower Scr in spite of their diminished Ccr24 compared with
controls. The Ucr24 of RA patients was also lower than that
of controls. The low Ucr24 of RA patients was not only due
to their small body mass, since the Ucr24 corrected for BSA
was still significantly low in RA patients (see Table 2). Some
of the RA patients in this study were taking NSAIDs or
cimetidine, which might lower the tubular secretion of crea-
tinine. However, if the serum creatinine level is steady, the
daily urinary excretion of creatinine is equal to the daily
creatinine production, and is not influenced by the action of
NSAIDs or of H2-blocker because creatinine is excreted
solely by the kidneys unless renal function is severely im-
paired.16 The major determinant of the production of crea-
tinine as well as the creatine pool is the total muscle mass.
In addition to the total muscle mass, the dietary intake of
creatine, largely in the form of meat, may influence the size
of the creatine pool. However, the differences in dietary
intake should have been small between the RA patients and
controls since both of them took the standard food served in
the hospital. Thus, the decreased Ucr24 in RA patients was
most likely to be due to the decline in their muscle mass.
The results of study 1 support this conclusion.

The number of subjects with a false normal Scr was very
high in RA patients (see Table 3). Between 10% and 17%
of RA patients with a normal Scr had moderate renal dis-

order (Ccr , 40ml/min/1.48m2). Only 42% of the 24 pa-
tients in the long-standing RA group who had a normal Scr
had a truly normal renal function. These results confirmed
the presence of a subclinical renal dysfunction in RA pa-
tients.9 False normal Scr was considered to come from low
creatinine production in RA patients.
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