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Serum amyloid-A protein concentration in
rheumatoid arthritis and its role in monitoring
disease activity
R. E. CHAMBERS,1 D. G. MACFARLANE,2 J. T. WHICHER,'
AND P. A. DIEPPE2

From the Department of'Chemical Pathology and 2Medicine, Bristol Royal Infirmary and University ofBristol,
Bristol

SUMMARY The serum concentrations of serum amyloid-A protein (SAA), C-reactive protein
(CRP), and alpha,-acid glycoprotein (alpha,-AGP) have been measured in 185 patients with
rheumatoid arthritis. SAA and CRP concentrations correlated well (r=086) both within and
above the normal ranges, though SAA showed a greater incremental increase than CRP. All
patients with normal SAA levels also had normal CRP and alpha1-AGP concentrations. In
contrast, in 40% of patients with normal CRP and alpha1-AGP concentrations the SAA was raised,
sometimes markedly so. The clinical and serological assessments of disease activity in these
patients were not significantly different from those with concomitantly raised levels of CRP. These
findings suggest that SAA is a more sensitive marker of inflammation than is CRP. The role of
the measurement of SAA as a monitor for inflammatory disease activity is discussed.

Measurements of the serum acute-phase proteins are
of value in the assessment of the activity and prog-
nosis and also in the monitoring of response to treat-
ment in chronic inflammatory diseases such as
rheumatoid arthritis.1-3 C-reactive protein (CRP)
has been most widely used in this context.4 More
recently a new acute-phase protein, serum
amyloid-A (SAA) protein, has been described.56
SAA is a normal alpha1 globulin which is thought to
be the circulating precursor of tissue amyloid-AA.
Increased concentrations of SAA have been reported
in a number of inflammatory diseases,7 8 including
rheumatoid arthritis (RA) and juvenile rheumatoid
arthritis.9 10

Despite the fact that the evidence suggests a single
macrophage-derived messenger (interleukin I) as
being responsible for switching on acute-phase pro-
tein synthesis in the liver,11 not all acute-phase pro-
teins are raised in parallel in many diseases.12 These
discrepancies may result from differential consump-
tion of proteins in the inflammatory process or a
selective response on the part of the liver. Whatever
the explanation, the phenomenon suggests that cer-
tain of the acute-phase proteins may be of particular
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use for monitoring activity in different diseases. We
have set out to determine whether the measurement
of SAA provides further useful clinical information
in rheumatoid arthritis beyond that provided by the
widely used measurement of CRP. We have thus
compared SAA, CRP, and another acute-phase pro-
tein, alpha,-acid glycoprotein (alpha1-AGP)13 in the
light of conventional clinical and serological assess-
ments in this disease.

Patients and methods

Inpatients and outpatients were included in the
study. Data on age, sex, duration of rheumatoid arth-
ritis, presence of systemic features, and drug therapy
were recorded. Disease activity was assessed clini-
cally and by haemoglobin and plasma viscosity
measurement. X-rays were examined for the pres-
ence of erosions, and rheumatoid factor was esti-
mated. The patients could thus be broadly
categorised as having early active, active erosive, and
inactive or long-standing destructive disease.
Serum was separated from clotted venous blood

and stored at -20°C. SAA levels were measured by a
modified radial immunodiffusion method described
elsewhere.14 CRP was measured by simple radial
immunodiffusion"5 and alpha1-AGP by the Laurell
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rocket technique."6 The normal ranges were estab-
lished by means of samples from 200 normal, healthy
blood donors and expressed as 5th to 95th percentiles
are: SAA less than 5-30 mg/l; CRP less than 5-11
mg/l. and alpha,-AGP 0-55-1 40 g/l.

Results

A total of 185 patients with rheumatoid arthritis were
studied over a period of one year. In some cases
acute-phase proteins were measured on more than
one occasion, resulting in 305 sets of measurements.
A comparison of serum SAA and CRP concentra-

tions is shown in Fig. 1. There is a correlation of the
results (r=0-86) over a wide range of concentrations,
both within and above the normal ranges. SAA,
however, shows a greater incremental change in
rheumatoid arthritis than CRP, the maximum
observed concentration being in the range of 3 to 4 g/l
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Fig. 2 Comparison ofSAA concentrations in normal
individuals and RA patients all ofwhom had normal CRP
concentrations. Alpha,-AGP concentrations in the RA group
are also shown. The dotted lines delineate the upper limit of
the normal range.

as compared with CRP levels of 200 to 250 mg/l.
More interestingly it can be seen that increased SAA
levels are present in the face of normal CRP concent-
rations. This is clearly illustrated in Fig. 2, where the
SAA levels for all patients who had normal CRP
concentrations have been plotted alongside the SAA
levels in healthy blood donors also with normal levels
of CRP. SAA is raised in 40% of instances in which
the CRP concentration is normal, sometimes mar-
kedly so, with the maximum observed level being 8
times the upper limit of normal. In contrast, alpha,-
AGP levels showed no significant increase in the
same group of samples, 94% of the values lying
within the normal range.
The samples showing raised SAA and normal CRP

were not more frequent among replicates from cer-
tain patients, nor was there any significant difference
in sex, disease activity and duration, seropositivity,
plasma viscosity, administration of second-line

100 250 therapy, or presence of erosive damage on x-ray be-
tween this group and those with concomitantly raised

ntrations in CRP levels. However, in 80 samples with normal
ate the upper SAA levels there were no cases with raised concent-

rations of CRP.

r - 0.86
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Discussion

These findings are of considerable interest, as they
illustrate the discrepancies which may be found be-
tween different acute-phase proteins in a chronic
inflammatory disease such as rheumatoid arthritis.
Moreover they demonstrate that SAA has con-
siderably greater sensitivity than CRP in detecting
the presence of inflammation.

Dissociation between the responses of a number of
acute-phase proteins is well known. In the case of
haptoglobin, fibrinogen, and complement com-
ponents it is easily explained on the basis of specific
consumption by certain elements of the inflammat-
ory process. Thus intravascular haemolysis consumes
haptoglobin,"7 fibrinogen is rapidly eliminated from
the circulation if intravascular coagulation occurs,"7
and deposition of immune complexes activates and
consumes complement components such as C3."
Besides this mechanism it appears that serum levels
of some acute-phase proteins increase much more
rapidly and sensitively than others.1" Mild inflamma-
tion may thus cause increases in CRP while not affect-
ing such proteins as fibrinogen, alpha,-AGP, and
haptoglobin. The data presented here suggest that
SAA is even more sensitive than CRP in response to
the inflammatory lesion of rheumatoid arthritis.
There is no evidence to suggest that either of these
proteins is actively consumed by the inflammatory
process, and it seems likely that SAA synthesis in the
hepatocyte is more easily switched on by interleukin I
than is that of CRP or alpha1-AGP.
The discrepancies between the responses of dif-

ferent acute-phase proteins seen in inflammatory
diseases, particularly of a chronic nature, have led
many workers to monitor disease activity by measur-
ing a number of acute-phase proteins simultane-
ously.20 While this is more expensive it is probably
more effective than relying on one alone. It seems
that SAA is a more sensitive acute-phase reactant in
rheumatoid arthritis than CRP and may well allow
monitoring of disease activity in those patients in
whom the most sensitive acute-phase protein
hitherto measured, CRP, is normal. SAA is relatively
easy to measure and could usefully be either
measured alone or added to CRP assays in monitor-
ing chronic inflammatory diseases, such as
rheumatoid arthritis. Indeed in our present series of
80 instances in which normal levels of SAA were
found none had a raised CRP. It will of course be of
considerable interest to see if these findings hold in
other inflammatory conditions.
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