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Abstract
Objective

To evaluate the renal safety of traditional disease-modifying antirheumatic drugs (DMARDs) in early rheumatoid 
arthritis (RA).

Methods
One hundred and ninety-five DMARD-naïve patients with recent-onset RA were randomised to receive combination 

DMARD therapy (n=97) starting with sulfasalazine, methotrexate, hydroxychloroquine, and prednisolone (COMBI) or 
monotherapy (n=98), initially with sulfasalazine, with or without prednisolone (SINGLE). After two years, the choice 

and dosing of DMARDs and prednisolone were not restricted, but the treatment was still targeted to achieve or maintain 
remission. Urinalysis, serum creatinine and glomerular filtration rate (GFR; estimated according to the Cockcroft-Gault 

formula [eGFRCG]) were analysed at baseline and at months 6, 9, 12, 18, 24 and thereafter yearly up to 11 years.

Results
The cumulative incidence of repeated (≥3 times) abnormal renal findings during the 11-year follow-up period were as 

follows (COMBI versus SINGLE; p-values adjusted for age and sex): proteinuria (dipstick positive) 4.8% (95%CI 1.8-12.2) 
vs. 5.3% (95%CI 2.0-13.7, p=0.93), haematuria (dipstick positive) 14.1% (95%CI 8.0-24.2) vs. 22.1 % (95%CI 14.5-33.0, 

p=0.14), raised serum creatinine (≥100 µmol/l in females and ≥115 µmol/l in males)  4.4% (95%CI 1.7-11.4) vs. 6.7% 
(3.0-14.3, p=0.87) and eGFRGC <60 ml/min/1,73m2 11.9% (95%CI 6.8-20.5) vs. 10.5% (95%CI 5.8-18.7, p=0.85).

Conclusion
Initial remission targeted therapy with the FIN-RACo DMARD combination in early RA is safe for kidneys and does not 

induce more short- or long-term renal complications compared to traditional therapy with a single DMARD.
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Introduction
Accumulating data indicate that induc-
tion of remission and prevention of 
structural joint damage in rheumatoid 
arthritis (RA) require intensive use of 
traditional DMARDs and “tight” con-
trol of the patients (1-5). Good treat-
ment-response is also related to im-
proved quality of life (6). Still, there is 
a shortage of knowledge regarding the 
influence of modern intensive DMARD 
treatment strategies on kidney functions 
compared to the traditional one using a 
single DMARD on a time. 
Clinical nephropathy findings (haema-
turia, proteinuria and raised serum cre-
atinine) are common in patients with  
RA (7-11), but knowledge about the oc-
currence of these findings and their rela-
tionship to different treatment strategies 
in early RA population is scant (12). In 
a cross-sectional study of RA patients 
with on an average of 15 years of dis-
ease duration the respective prevalences 
of proteinuria, haematuria and chronic 
renal failure were 6%, 9% and 6% (11). 
The study was conducted twenty years 
ago and the treatment strategies of RA 
have changed essentially since then. As 
far as we know, only Koseki and associ-
ates (12) have reported the incidences of 
persistent renal function impairments in 
an early RA population (duration of RA 
<1 year). According to their study the 
occurrence of persistent clinical renal 
findings was considerable (7% for pro-
teinuria, 18% for haematuria and 6% for 
raised serum creatinine concentration).
The aim of our study was to establish 
whether the selected treatment strategy 
(combination or single DMARD strate-
gy) has an influence on the appearance 
and persistence of clinical renal find-
ings in patients with early RA during 
the 11-year follow-up period. 

Materials and methods
Patients and study design
From April 1993 to May 1995, 195 
DMARD-naïve patients with recent-on-
set RA (duration of symptoms <2 years) 
were enrolled in the Finnish RA Com-
bination study (FIN-RACo) (2). This 
multicenter, randomised, open parallel-
group trial was designed to compare two 
different DMARD treatment strategies. 
Patients were randomised to receive 

either combination DMARD therapy 
(COMBI, n=97) including sulfasalazine, 
methotrexate, hydroxychloroquine, and 
prednisolone or single DMARD thera-
py (SINGLE, n=98), initially with sul-
fasalazine, with or without prednisolo-
ne. Non-steroidal anti-inflammatory 
drugs (NSAIDs) were used as clinically 
needed. Oral prednisolone was pre-
scribed for 63 patients in the SINGLE 
group (according to treating clinicians’ 
decisions). The treatment was targeted 
to remission in all patients. The study 
has been described in detail previously 
(2). After two years, the choice and dos-
ing of DMARDs and prednisolone were 
not restricted, but the treatment was still 
aimed to achieve or maintain remis-
sion (4, 13). Between 2 and 11 years, 
combination DMARD therapy (at least 
two DMARDs at the same time) was 
used in 79% (median, IQR 43, 100) of 
the length of the follow-up period in 
the original COMBI group and in 54% 
(median, IQR 3, 94) in the original SIN-
GLE group. The corresponding propor-
tions of single DMARD therapy were 
5% (median, IQR 0, 30) in the COMBI 
group and 35% (median, IQR 3, 67) in 
SINGLE (13). The clinical responses 
to the therapy have previously been re-
ported by Rantalaiho et al. (13).
Inclusion criteria were as follows: 1) 
fulfilment of the American College of 
Rheumatology 1987 revised criteria for 
RA (14), 2) age 18-65 years, 3) dura-
tion of symptoms <2 years, and active 
disease with ≥3 swollen joints and at 
least 3 of the following: a) erythrocyte 
sedimentation rate (ESR) >28 mm/
hour or C-reactive protein (CRP) >19 
mg/liter, b) morning stiffness of ≥29 
minutes, c) >5 swollen joints, or d) >10 
tender joints. In addition, the patients 
should have been DMARD naïve, and 
not been treated with oral glucocorti-
coids for RA at entry.
One hundred and seventy-eight patients 
completed the two-year follow-up, 160 
completed the 5-year follow-up and 
138 participated in the 11-year check-
up visit (13). 

Ethical considerations
The study was carried out in compli-
ance with the Helsinki Declaration and 
approval for the study was obtained 
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from the national health authorities and 
ethics committees in all 18 participat-
ing hospitals. All patients gave written 
informed consent.

Methods
The serum creatinine and urianalysis 
were analysed at baseline and at months 
6, 9, 12, 18, 24 and at yearly intervals 
thereafter up to 11 years. Haematuria 
and proteinuria were defined as posi-
tive by dipstick test. Assay sensitivities 
were defined according to the reference 
values of the local hospital. Renal func-
tion was likewise assessed by measur-
ing serum creatinine concentration ac-
cording the in-house method of each 
hospital. A raised serum creatinine con-
centration was defined as ≥100 μmol/l 
in females and ≥115 μmol/l in males. 
In addition, glomerular filtration rate 
(GFR) was estimated according to the 
Cockcroft-Gault (CG) (15) formula:
eGFRCG={(140-age) × body weight (kg)}/ 
(plasma creatinine (μmol/l) × a) where a 
=0.8 if male, and 0.95 if female 
A reduction in the estimated GFR be-
low 60 ml/min/1,73m2 was considered 
to be clinically significant. Renal find-
ings were defined as repeatedly ab-
normal if detected ≥3 times during the 
follow-up and as a single abnormality 
when it occurred at least once. In ad-
dition to the data concerning abnormal 
renal findings, the details of reported 
serious adverse event were also col-
lected and recorded.

Statistical analysis
All the patients who started therapy 
(n=195) were included in the study. Last-
observation carried-forward (LOCF) 
analysis was used when the clinical renal 
findings for each patient were analysed. 
We used the Kaplan-Meier method to 
estimate the cumulative incidence of 
patients with clinical renal findings. Cox 
regression analyses were made to adjust 
for confounding factors (age and sex). 
Also the prevalences of haematuria, pro-
teinuria and clinically significant renal 
functional impairments were analysed 
cross-sectionally at baseline and at 2, 5 
and 11-year follow-up visits. Cross-sec-
tional analyses during follow-up were 
based on time-by-time analysis. A time-
by-time analysis of the longitudinal data 

consists of four separate analyses corre-
sponding to each observation time point 
(baseline, 2, 5 and 11 years).

Results
The cumulative incidences of 
abnormal renal findings
The baseline characteristics of the pa-
tients are shown in Table I. The cumula-
tive incidences of various repeated ne-
phropathy findings were comparable in 
the COMBI and SINGLE groups during 
the follow-up period (Fig. 1). The cumu-
lative incidences of repeated proteinuria 
in the COMBI and SINGLE groups dur-
ing the two- and 11-year follow-up pe-
riods were 3.4% (95%CI 1.1-10.1) and 
4.8% (95%CI 1.8-12.2) versus 1.1% 
(95%CI 0.2-7.8) and 5.3% (95%CI 2.0-
13.7), respectively (p=0.93, adjusted for 
age and sex). The corresponding cumu-
lative incidences of repeated haematuria 
were 9.4% (95% CI 4.8-18.0) and 14.1% 
(95%CI  8.0-24.2) versus 16.4% (95% 
CI 10.0-26.1) and 22.1 % (95%CI 14.5-
33.0), respectively (adjusted p=0.14), 
and those of raised serum creatinine 
2.1% (95%CI 0.5-8.0) and 4.4% (95%CI 
1.7-11.4) versus 4.2% (95%CI 1.6-10.7) 
and 6.7% (95%CI  3.0-14.3) (adjusted 
p= 0.87). The corresponding cumula-
tive figures of the eGFRGC <60 ml/min/
1,73m2 in the COMBI and SINGLE 
groups were 7.3% (95%CI 3.5-14.7) and 
11.9% (95%CI 6.8-20.5) versus 9.3% 
(95%CI 5.0-17.1) and 10.5% (95%CI 
5.8-18.7), respectively (p=0.85).
If the cumulative incidences were ana-
lysed according to the first single ab-

normal sample, the statistical difference 
was seen only in the incidence of hae-
maturia (all data not shown). The cu-
mulative incidences of single haematu-
ria findings in the COMBI and SINGLE 
groups during the two-year follow-up 
period were 17.7% (95%CI 15.7-20.0) 
and 27.0% (95%CI 24.6-29.5), while 
the corresponding figures during the 
11-year follow-up were 38.4% (35.6-
41.3) and 45.5% (42.6-48.4) (p< 0.001, 
adjusted for age and sex).

Cross-sectional prevalences 
of abnormal renal findings
Cross-sectional prevalences of all the 
findings are shown in Table II. The 
amount of the patients attending the 
follow-up visits fluctuated from visit to 
visit and the cross-sectional prevalences 
reflect only the situation of the attending 
patients. Prevalence of haematuria was 
fairly stable in both treatment groups 
throughout the 11-year follow-up (8-
12%). The cross-sectional prevalence of 
proteinuria fluctuated from visit to visit, 
but no difference between treatment 
strategy groups could be found. The 
prevalence of elevated serum creatinine 
values was 2-4% and that of glomeru-
lar filtration rates <60 ml/min 1-7% 
throughout the study in both groups.

Relationship between single 
nephropathy findings and 
nephrotoxic DMARD-treatments
Especially the association of gold salts 
and D-penicillamine (DPA) use with 
proteinuria and that of cyclosporine 

Table I. Baseline demographics and clinical renal characteristics of patients.

Characteristics Treatment group
 
 COMBI a SINGLE b

 (n=97) (n=98)

Demographic
    Female no. (%) 56 (58) 65 (66)
    Mean (range) age, years 47 (23-65) 48 (20-65)
    Mean (range) duration of disease, months 7.3 (2-22) 8.6 (2-23)

Nephropathy findings
    Proteinuria no.  1  3
    Hematuria no. 10  8
    Elevated serum creatinine c no.  2  1
    eGFRCG 

d < 60 ml/min/1.73m2 no. 5   1

a initial combination DMARD therapy; b initial single DMARD therapy;  cdefined as 100 μmol/l or more 
in females and 115 μmol/l or more in males; dglomerular filtration rate estimated by Cockcroft-Gault 
formula.
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with raised serum creatinine level or 
decreased eGFRGC (below 60 ml/min/
1,73m2) was analysed. During the whole 
11-year follow-up period proteinuria 
was detected 55 times and only one of 
the findings (in the SINGLE group) 
was related to the use of DPA. The pro-
teinuria in the patient in question pro-
gressed to nephrotic-range proteinuria. 

Renal biopsy indicated a histological 
diagnosis of minimal-change nephropa-
thy. Proteinuria resolved totally within 
a couple of months after the cessation 
of DPA. None of the proteinuria find-
ings was related to the use of gold 
salts. Serum creatinine was raised 90 
times and the finding was associated 
with cyclosporine use in three cases. 

eGFRGC <60 ml/min/1,73m2 was found 
272 times, but only three of the findings 
were related to cyclosporine use. 

Discussion
The present long-term follow-up study 
shows that the initial therapy of RA 
with a combination of DMARDs in-
cluding sulfasalazine, methotrexate, 

Fig. 1. Cumulative 
incidences of repeated 
a) proteinuria, b) hae-
maturia, c) elevated 
serum creatinine and 
d) eGFRCG

 <60 ml/
min/1.73m2 in com-
bination (COMBI) 
and single (SINGLE) 
treatment groups.
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Table II. Cross-sectional (time-by-time analysis) prevalences (number of patients, %) of abnormal clinical renal findings among study patients attending 
follow-up visits.

Cross-sectional prevalence of the findings / all studied patients (%)
 
 Baseline 2 years 5 years 11 years

 COMBIa SINGLEb COMBI SINGLE COMBI SINGLE COMBI SINGLE

Finding
    Proteinuria 1/97 (1) 3/98 (3) 7/92 (8) 3/95 (3) 1/82 (1) 0/85 (0) 3/77 (4) 4/73 (5)
    Haematuria 10/97 (10) 8/98 (8) 8/92 (9) 11/95 (12) 9/82 (11) 10/85 (12) 8/77 (10) 7/73 (10)
    Elevated serum creatinine c 2/97 (2) 1/98 (1) 2/92 (2) 0/95 (0) 3/82 (4) 3/85 (4) 2/77 (3) 1/73 (1)
    eGFRCG< 60 ml/min d 5/97 (5) 1/98 (1) 3/92 (3) 3/95 (3) 6/82 (7) 5/85 (6) 4/77 (5) 5/73 (7)

a initial combination DMARD therapy; b initial single DMARD therapy; c defined as 100 μmol/l or more in females and 115 μmol/l or more in males;              
d glomerular filtration rate estimated by Cockcroft-Gault formula.
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hydroxychloroquine, and prednisolone 
is safe, and does not cause nephrologi-
cal complications more frequently than 
the traditional therapy with a single 
DMARD. Furthermore, most of the 
repeated abnormal nephrological find-
ings occurred during the first 2-4 years 
of DMARD therapy and thereafter 
the incidence of nephrological com-
plications remained rather constant. 
As far as we know, our long-term fol-
low-up study defining the influence of 
DMARD treatment strategies on clini-
cal renal findings in early RA is a pio-
neering one.
We have previously shown that more 
patients on initial combination DMARD 
therapy reach clinical remission at two 
years than those on DMARD mono-
therapy (37% versus 18%, p=0.03) 
(2) and the difference sustains up to 
11 years (13). Furthermore, the radio-
logical progression of peripheral joint 
damage was significantly reduced in 
the patients treated with initial combi-
nation DMARD after both at two- (2) 
and five-year radiographs (4). In the 
present long-term follow-up study we 
also demonstrate that the nephrological 
safety profile of the initial combina-
tion DMARD therapy strategy is not 
inferior to that of the single DMARD 
strategy. 
Earlier studies have shown that abnor-
mal renal findings are common in RA 
patients. The data, however, have for 
the most part been cross-sectional and 
the studies have been performed in ad-
vanced RA populations (7-11). Koseki 
and associates (12) reported an average 
of 42 months follow-up results regard-
ing early RA patients. The occurrence 
of persistent proteinuria of 7% was 
found, which is more than seen in our 
study. Most of the persistent proteinu-
ria in their study was DMARD-in-
duced and the usage of the nephrotoxic 
DMARDs such as gold salts, buci-
llamine and DPA was frequent. In the 
present study, proteinuria could be as-
sociated with DMARD therapy in only 
one patient on DPA therapy. 
The incidence of haematuria, analysed 
according to the first single finding, was 
significantly more frequent in the sin-
gle DMARD than in the combination 
DMARD strategy group. The statistical 

significance between the groups was 
lost when repeated haematuria was an-
alysed. Earlier studies have not shown 
anyclinical associations between iso-
lated haematuria findings and DMARD 
or non-steroidal anti-inflammatory 
drug (NSAID) therapies (12, 16, 17). 
A prevalence of 9.5 % for haematuria 
was stated in patients with advanced 
RA treated with traditional DMARDs 
in a population based cross-sectional 
study (11). Interestingly, the cross-sec-
tional prevalences of haematuria in the 
present study over time were compara-
ble (8–13%). Furthermore, the preva-
lences were identical even before the 
initiation of DMARD therapy. The re-
sult confirms earlier findings that hae-
maturia is only remotely, if at all relat-
ed to DMARD therapy in RA patients. 
In renal biopsy materials, mesangial 
glomerulonephritis has been a frequent 
finding in RA patients with haematuria 
(18-21) and it has been regarded as one 
of the extra-articular manifestations of 
seviere RA (22).
No difference in the incidence of de-
creased renal function between our 
treatment groups was found. To define 
the limits for raised serum creatinine we 
adopted the same reference values for 
raised serum creatinine (≥100 μmol/l 
in females and ≥115 μmol/l in males) 
as in our previous studies (11, 23, 24). 
Slightly higher levels for upper normal 
limits than in routine laboratory refer-
ence values were used to avoid false 
positive results. Nonetheless, reports 
on poor reliability of serum creatinine 
concentration to reflect real GFR in RA 
patients have been published (25-27). 
Due to low muscle mass in RA pa-
tients it appears to overestimate GFR 
(28). Cockcroft-Gault (15) formula 
(eGFRCG) and creatinine clearance 
have been reported to perform better 
than plasma creatinine at identifying 
reduced renal function in RA patients 
(27). Therefore in the present study 
eGFRCG was also applied in the estima-
tion of renal function. A threshold limit 
of 60 ml/min/1.73m2 was adopted, be-
cause still lower values are regarded 
as a sign of significantly reduced renal 
function.
The observed favourable nephrologi-
cal safety profile of the iniatial com-

bination DMARD therapy strategy is 
probably explained by the fact that the 
DMARDs used in FIN-RACo-combi-
nation are not regarded as nephrotoxic 
drugs. However, knowledge of the 
renal safety of the DMARDs used as 
combination is scant. Clinically sig-
nificant nephropathy finding (nephrotic 
syndrome and minimal change neph-
ropathy) was seen only in one patient, 
who was on D-penicillamine therapy. 
We conclude that initial combination 
DMARD therapy with sulfasalazine, 
methotrexate, hydroxychloroquine 
and prednisolone in early RA patients 
is safe for the kidneys and does not 
induce more nephrological complica-
tions than the traditional therapy with 
a single DMARD. 
   
Acknowledgements
We authors thank Hannu Kautiainen, 
BA, for the statistical analyses and the 
other members of the FIN-RACo Trial 
group: Jari Ahonen, MD; Claes Friman, 
MD, PhD; Per Franzen, MD; Sinikka 
Forsberg, MD; Markku Hakala, MD, 
PhD; Mikko Hakola, MD; Tapani Helve, 
MD, PhD; Kirsti Ilva, MD; Heikki Ju-
lkunen, MD, PhD; Pentti Järvinen, MD, 
PhD;  Marianne Gripenberg-Gahmberg, 
MD, PhD; Kalevi Koota, MD, PhD; Ju-
hani Koski, MD, PhD; Reijo Luukkai-
nen, MD, PhD; Riitta Luosujärvi, MD, 
PhD; Martti Nissilä, MD, PhD; Leena 
Paimela MD, PhD; Heikki Piirainen, 
MD, PhD; Ilppo Pälvimäki, MD,  Kaisa 
Vuori, MD; Urpo Yli-Kerttula, MD, 
PhD. 

References
  1. AMERICAN COLLEGE OF RHEUMATOLOGY AD 

HOC COMMITTEE ON CLINICAL GUIDELINES: 
Guidelines for the management of rheuma-
toid arthritis. Arthritis Rheum 1996; 39: 713-
22.

  2. MÖTTÖNEN T, HANNONEN P, LEIRISALO-
REPO M et al.: Comparison of combination 
therapy with single-drug therapy in early 
rheumatoid arthritis: a randomised trial. Lan-
cet 1999; 353: 1568-73.

  3. LANDEWE RB, BOERS M, VERHOEVEN A et 
al.: COBRA combination therapy in patients 
with early rheumatoid arthritis. Arthritis 
Rheum 2002; 46: 347-56.

  4. KORPELA M, LAASONEN L, HANNONEN P et 
al.: Retardation of joint damage in patients 
with early rheumatoid arthritis by initial ag-
gressive treatment with disease-modifying 
antirheumatic drugs. Arthritis Rheum 2004; 
50: 2072-81.

  5. GRIGOR C, CAPELL H, STIRLING A et al.:    



78

Combination DMARDs and kidneys / K.L. Karstila et al.

Effect of a treatment strategy of tight control 
for rheumatoid arthritis (the TICORA study): 
a single-blind randomised controlled trial. 
Lancet 2004; 364: 263-9.

  6. UUTELA T, HANNONEN P, KAUTIAINEN H, 
HAKALA M, PAANANEN M-L, HÄKKINEN 
A: Positive treatment response improves the 
health-related quality of life of patients with 
early rheumatoid arthritis. Clin Exp Rheuma-
tol 2009; 27: 108-11.

  7. SORENSEN AWS: The kidney function in pa-
tients with rheumatoid arthritis in relation to 
commencement of the disease. Acta Rheum 
Scand 1964; 10: 11-28.

  8. RICHARDS IM, FRASER SM, CAPELL HA, 
FOX JG, BOULTON-JONES JM: A survey of 
renal function in outpatients with rheumatoid 
arthritis. Clin Rheumatol 1988; 7: 267-71.

  9. BOERS M, DIJKMANS BAC, BREEDVELD FC 
et al.: Subclinical renal dysfunction in rheu-
matoid arthritis. Arthritis Rheum 1990; 33: 
95-101.

10. KORPELA M, MUSTONEN J, HEIKKINEN A, 
HELIN H, PASTERNACK A: Isolated micro-
scopic hematuria in patients with rheumatoid 
arthritis compared with age and sex matched 
controls. A population based study. J Rheu-
matol 1995; 22: 427-31.

11. KORPELA M: Rheumatoid arthritis and the 
kidneys – A cross-sectional study on preva-
lence, clinical significance and risk of renal 
and urinary tract diseases in patients with 
rheumatoid arthritis. Helsinki, Publications 
of the Social Insurance Institution, 1993, 
ML:122.

12. KOSEKI Y, TERAI C, MORIGUCHI M, UESATO 
M, KAMATANI N: A prospective study of renal 
disease in patients with early rheumatoid ar-
thritis. Ann Rheum Dis 2001; 60: 327-31.

13. RANTALAIHO V, KORPELA M, HANNONEN 
P et al.: The good initial response to therapy 
with a combination of traditional disease-
modifying antirheumatic drugs is sustained 
over time. The eleven-year results of the Finn-
ish rheumatoid arthritis combination therapy 
trial. Arthritis Rheum 2009; 60: 1222-31.

14. ARNETT FC, EDWORTHY SM, BLOCH DA et 
al.: The American Rheumatism Association 
1987 revised criteria for the classification of 
rheumatoid arthritis. Arthritis Rheum 1988; 
31: 315-24.

15. COCKCROFT DW, GAULT MH: Prediction of 
creatinine clearance from serum creatinine. 
Nephron 1976; 16: 31-41.

16. LEONARD PA, BIENZ SR, CLEGG DO, WARD 
JR: Hematuria in patients with rheumatoid 
arthritis receiving gold or D-penicillamine.   
J Rheumatol 1987; 14: 55-9.

17. KORPELA M, MUSTONEN J, HEIKKINEN A, 
HELIN H, PASTERNACK A: Isolated micro-
scopic hematuria in patients with rheumatoid 
arthritis compared with age and sex matched 
controls. A population based study. J Rheu-
matol 1995; 22: 427-31.

18. HELIN H, KORPELA M, MUSTONEN J, PAS-
TERNACK A: Mild mesangial glomerulopa-
thy- a frequent finding in rheumatoid arthritis 
patients with hematuria or proteinuria. Neph-
ron 1986; 42: 224-30.

19. HORDON LD, SELLARS L, MORLEY AR, 
WILKINSON R, THOMPSON M, GRIFFITHS 
ID: Hematuria in rheumatoid arthritis: an as-
sociation with mesangial glomerulonephritis. 
Ann Rheum Dis 1984; 43: 440-3.

20. POLLET S, DEPNER T, MOORE P, OLANDER 
H, ROBBINS D: Mesangial glomerulopathy 
and IgM Rheumatoid factor in rheumatoid 
arthritis. Nephron 1989; 51: 107-11. 

21. CANTAGREL A, POURRAT J, FOURNIE B, 
CONTE JJ, FOURNIE A: Renal involvement in 
the course of rheumatoid polyarthritis. Rev 
Rheum Mal Osteoartric 1990; 57: 303-7.

22. KORPELA M, MUSTONEN J, TEPPO A-M, HE-
LIN H, PASTERNACK A: Mesangial glomeru-
lonephritis as an extra-articular manifesta-
tion of rheumatoid arthritis. Br J Rheumatol 
1997; 36: 1189-95.

23. SIHVONEN S, KORPELA M, MUSTONEN J, 
LAIPPALA P, PASTERNACK A: Renal disease 
as a predictor of increased mortality among 
patients with rheumatoid arthritis. Nephron 
Clin Pract 2004; 96: c107-c114.

24. KARSTILA K, KORPELA M, SIHVONEN S, 
MUSTONEN J: Prognosis of clinical renal dis-
ease and incidence of new renal findings in 
patients with rheumatoid arthritis: follow-up 
of a population based study. Clin Rheumatol 
2007; 26: 2089-95. 

25. NIVED O, STURFELT G, WESTLING H, WHITE 
T: Is serum creatinine concentration a reli-
able index of renal function in rheumatic dis-
eases? Br Med J 1983; 286: 684-5.

26. LAIHO K, KAARELA K, KAUTIAINEN H, 
KAUPPI M: Evaluation of renal function in 
patients with rheumatoid arthritis and amy-
loidosis. Clin Rheumatol 2001; 20: 453-4.

27. KARSTILA K, HARMOINEN A, LEHTIMÄKI 

T, KORPELA M, MUSTONEN  J, SAHA  H:     
Measurement of kidney function in patients 
with rheumatoid arthritis: comparison of 
creatinine-based methods, plasma cystatin 
C and 51Cr-EDTA clearance. Nephron Clin 
Pract. 2008; 108: c284-c290.

28. PERRONE RD, MADIAS NE, LEVEY AS:         
Serum creatinine as an index of renal func-
tion: New insights into old concepts. Clin 
Chem 1992; 38: 1933-53.


