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Abstract
Research regarding renal involvement in SSc has almost exclusively focused on scleroderma renal crisis (SRC). There are 
relatively limited data regarding renal impairment in SSc beyond SRC. We performed an electronic search using the key 
words systemic sclerosis or scleroderma combined with each of the following: renal dysfunction, kidney, glomerular filtra-
tion rate (GFR), proteinuria and hematuria. We searched for reports relevant to renal dysfunction in SSc beyond SRC. In 796 
SSc patients recruited in five studies. 251 (31.5%) had GFR < 90 ml/min whereas 155(19.5%) patients had GFR < 60 ml/min. 
Most data indicate that the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula should be considered 
as the most suitable tool for assessing renal function in SSc pts, since it provides similar results to measured GFR. These 
data indicate that renal dysfunction in SSc in not uncommon and therefore patients with SSc should have their renal function 
assessed by GFR estimation on a regular basis.
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Introduction

Systemic sclerosis (SSc) is a multisystem rheumatic dis-
ease characterized by vascular and fibrotic manifestations 
[1–4]; practically every organ can be affected including the 
kidneys [5]. The most severe form of renal involvement in 
SSc is scleroderma renal crisis (SRC), which up until the 
1970s was the main cause of death in patients with SSc [6]. 
SRC is a complex vasculopathy affecting the kidneys lead-
ing to uncontrolled hypertension and rapidly progressive 
renal failure. Research regarding renal involvement in SSc 
has almost exclusively focused on SRC leading to a better 
understanding of the pathophysiology of this manifestation. 
Evidence showed that the main driver of SRC was the renin-
angiotensin system (RAS); this knowledge led to the early 
use of drugs targeting RAS in SSc patients developing SRC. 
This therapeutic approach was highly successful leading to a 
significant reduction of mortality associated with SRC [7]. 

Nowadays interstitial lung disease and pulmonary hyperten-
sion have replaced SRC as leading causes of death [8].

Renal involvement in the context of systemic rheumatic 
diseases has been generally under-investigated with the 
exceptions of diseases that primarily affect the kidneys by 
immune mechanisms such as systemic lupus erythemato-
sus or ANCA-associated vasculitides [9, 10]. In rheuma-
toid arthritis (RA), the most common rheumatic disease, 
data regarding renal dysfunction are relatively limited. For 
many years research has focused on the potential effects of 
nephrotoxic medications or inflammation. However, clini-
cal evidence points to the direction that renal dysfunction 
in RA mainly associates with cardiovascular risk factors 
and not disease related factors or drugs [11, 12]. Accu-
mulating data indicate that cardiovascular disease and 
renal dysfunction share many risk factors and appear to 
be tightly linked [13, 14]. In SSc, recent evidence suggests 
that cardiovascular disease is more prevalent that in gen-
eral population and is responsible for 20–40% of mortality 
in SSc [15]. Taking into account that cardiovascular dis-
ease and renal dysfunction are strongly associated, we may 
hypothesize that renal dysfunction in SSc is not uncom-
mon. There are relatively limited data regarding renal 
impairment in SSc beyond SRC. In this narrative review 
we focused on answering the following questions: (1) Is 
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renal function impaired in SSc? (2) Do GFR predictive 
equations perform well in this population? (3) Are there 
alternative ways of assessing renal function in patients 
with SSc? and (4) do patients with SSc display significant 
proteinuria?

Methods

We performed an electronic search (Medline and Sco-
pus) from December 2020 until March 2021 using the 
key words systemic sclerosis or scleroderma combined 
with each of the following: renal dysfunction, kidney, 
glomerular filtration rate, proteinuria and hematuria. 
Only papers published as full articles in English language 
were included and no time limit was set. We searched for 
reports relevant to renal dysfunction in SSc. Eligible stud-
ies were those reporting data regarding GFR or proteinu-
ria in patients with SSc. Studies regarding SRC or review 

articles were excluded. A detailed flowchart of the search 
is depicted in Fig. 1.

•	 Is renal function impaired in patients with SSc? Do GFR 
predictive equations perform well in this population?

	   Glomerular Filtration rate (GFR) is the gold standard 
for assessing renal function. It can either be measured 
directly or estimated via predictive equations. The estab-
lished way to measure GFR (mGFR) is usingTc-99 m 
diethylenetriaminepentacetate acid (DTPA) [16]. In the 
kidney, DTPA is not subjected to either tubular secre-
tion or reabsorption, making this molecule ideal for 
GFR measurement. Alternative ways to measure GFR 
are 51Cr-EDTA or iohexol clearance. GFR can also be 
estimated (eGFR) with specific equations with the most 
widely used being the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI), Modification of 
Diet in Renal Disease (MDRD 4- and 7-variable) and 
Cockroft-Gault (CG) formulas. Several studies provide 
data regarding GFR in patients with SSc.

Fig. 1   Flowchart of the search
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	   Caron et al. used the Canadian Scleroderma research 
group registry to assess eGFR by employing the CG for-
mula annually, in 561 pts over 5 years [17]. Normal clear-
ance was defined as eGFR > 60 ml/min. In this cohort, 
5% suffered SRC and 20% had low eGFR without signs 
of SRC; the rate of eGFR decline was 0.89%/year. These 
data indicate that renal dysfunction is not uncommon in 
SSc. This is the largest cohort study to assess GFR in 
patients with SSc. However, this study did not provide 
comparative data with healthy subjects or disease con-
trols and therefore cannot answer the question of whether 
decreased GFR is more common in SSc compared to 
other chronic diseases or the general population.

	   Scheja et al. performed a study from 1983 to 2004 
to examine renal function in 461 SSc pts, using GFR 
measurement [18]. GFR was measured by 51Cr-EDTA 
or iohexol clearance and was given as an age-adjusted 
percentage of the mean values for healthy subjects and 
the measurements were repeated yearly. GFR < 70% was 
considered low and was found in 48 pts; renal dysfunc-
tion was mostly associated with hypertension and cardio-
vascular disease.

	   Gupta et  al. performed a cross-sectional study to 
explore the prevalence of renal impairment in 87 SSc 
pts, over the course of 3.5 years [19]. None of the pts 
developed SRC. eGFR was calculated with the CG for-
mula and was found < 90 ml/min in 75% (n = 66) of the 
pts. Almost 30% (n = 26) of the pts had eGFR < 60 ml/
min, evident of CKD.

	   Rosato et al. performed a large-scale prospective study 
to assess prognostic factors of renal involvement in SSc 
[20]. Renal involvement was studied in 121 patients with 
SSc over a period of approximately 5 years. Color Dop-
pler Ultrasound of kidney (CDU) was used to assess renal 
vasculature and eGFR was calculated by the CKD-EPI 
equation. CDU indicated significant intrarenal arterial 
stiffness in SSc, which was further worsened in patients 
with capillaroscopic abnormalities and digital ulcers. 
Despite these findings, renal function markers were 
preserved even in patients with longer disease duration. 
Mean serum creatinine was 0.75 mg/dl, 24-h proteinuria 
200 mg/24 h and CKD-EPI-calculated GFR 93.8 ml/min.

	   Suebmee et al. explored the correlation between eGFR 
and Tc-99 m DTPA mGFR in 76 SSc pts in a cross-sec-
tional study [21]. eGFR was calculated by four equa-
tions: CKD-EPI, 7-variable MDRD, CG and creatinine 
clearance from 24-h urine collections. Serum creatinine 
(sCr) of all pts was < 1.4 mg/dl with a median value of 
0.8 mg/dl. mGFR (median value 100.1 ml/min) showed 
the greatest correlation with the CKD-EPI and MDRD 
eGFR (mean 96.8 and 97 ml/min, respectively). Thirty 
pts had a reduced mGFR < 90 ml/min (3 pts < 60 ml/
min and 27 pts between 60 and 90 ml/min). The clinical 

parameter with the strongest association with GFR was 
systolic blood pressure (SBP). These data indicate that in 
the majority of patients with SSc GFR is not significantly 
impaired. Furthermore, CKD-EPI and MDRD (7-vari-
able) show a good correlation to mGFR and can be used 
to detect reduced GFR in SSc pts, which might uncover 
subclinical renal impairment.

	   Gigante et al. also assessed the performance of GFR 
predictive equations in pts with SSc [22]. They explored 
whether eGFR correlates with mGFR by Tc-99 m DTPA 
in 41 SSc pts with normal serum creatinine and a median 
age of 46 years. The mean value of measured GFR was 
84 ml/min. SSc pts with CVD or under treatment with 
ACE-inhibitors had a greater reduction in GFR. Finally, 
it was shown that CKD-EPI-calculated eGFR showed the 
highest correlation to mGFR compared to MDRD (4- and 
7-variable) and CG formula.

	   However, there is a single study that did not show a 
good correlation of mGFR and eGFR [23]. Reem et al. 
explored renal involvement in 31 SSc pts and 31 healthy 
controls with normal sCr (mean value 0.7 mg/dl), using 
mGFR (Tc-99 mm DTPA) and eGFR (CG and MDRD) 
over a 2-year time period. All subjects had a normal 
kidney ultrasound and none of them were treated with 
ACE-inhibitors. SSc pts had a mean mGFR of 79.24 ml/
min, which was significantly different from that of the 
controls (107.49 ml/min). Reduced mGFR (< 90 ml/min) 
was noted in 17 pts, whereas CG and MDRD calculated 
eGFR was found reduced in only 6 and 7 pts, respec-
tively, raising concerns about the validity of GFR predic-
tive equations in SSc. Nevertheless, this study indicated 
that SSc pts can indeed have renal dysfunction even with 
normal sCr values and that mGFR is a useful tool for 
detecting early renal damage in SSc.

	   A total of 1038 patients (83.8% female) have been 
recruited in 9 studies and had their GFR measured or 
estimated. The mean GFR of these patients was 85.4 ml/
min as shown in Table 1. Data regarding GFR catego-
ries (GFR < 90 ml/min and GFR < 60 ml/min) could be 
extracted from 5 studies with a total of 796 SSc patients. 
Out of those, 251(31.5%) had GFR < 90 ml/min whereas 
155(19.5%) patients had GFR < 60 ml/min. These data 
indicate that renal dysfunction in SSc in not uncommon 
and therefore patients with SSc should have their renal 
function assessed by GFR estimation on a regular basis.

	   Most data indicate that CKD-EPI should be considered 
as the most suitable tool for assessing renal function in 
SSc pts, since it provides similar results to mGFR. Tak-
ing into account that direct GFR measurements are tech-
nically challenging and not available in everyday clinical 
practice, eGFR appears as an acceptable alternative and 
sensitive tool for early detection of renal impairment in 
SSc.
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•	 Renal Functional Reserve and SSc,
	   Renal Functional Reserve (RFR) is an established 

method of measuring kidney’s ability to increase GFR 
after an oral or intravenous amino acid load stimulation 
[24]. Under normal circumstances, GFR is increased fol-
lowing amino acid load (stimulated GFR) as a physiolog-
ical response to protein loading. RFR is calculated as the 
percentile increase of stimulated GFR and the formula 
used is RFR = (stimulated GFR-baseline GFR)/baseline 
GFR × 100. RFR > 10% following protein loading is con-
sidered normal.

	   There are several studies that assessed whether RFR 
could be used as an alternative method to assess renal 
function in SSc. Amin et al. aimed at exploring whether 
RFR can detect preclinical nephropathy in SSc [25]. 
Thirty SSc pts with normal serum creatinine and 30 
healthy controls were recruited. GFR was measured with 
Tc-99 m DTPA at baseline and following oral protein 
load. All controls had normal baseline GFR, stimulated 
GFR, RFR and urine protein levels. RFR was normal in 
only 6 Ssc pts. All SSc pts with PAH and most pts with 
disease duration over 4 years had abnormal RFR.

	   Livi et al. studied RFR fluctuation in 28 normotensive 
SSc pts with normal renal function (GFR > 70 ml/min), 
no history of diabetes and no urinary abnormalities over 
a 5-year period [26]. Abnormal RFR was found in 19 pts; 
these patients had a mean CCr reduction after 5 years of 
15.4% compared to only 2.6% of those with normal RFR 
indicating that RFR may a strong predictor of future GFR 
decline.

	   Livi et al. also assessed RFR in patients with SSc com-
pared to healthy subjects [27]. The investigators evalu-

ated GFR, ERPF (effective renal plasma flow) and TRVR 
(total renal vascular resistance) prior to and following 
an amino acid load in 21 SSc pts and 10 healthy con-
trols. The authors found that in controls GFR and ERPF 
were increased and TRVR was decreased after the load, 
as expected, whereas only 6 SSc pts managed to have a 
RFR comparable to that of the controls. More specifi-
cally, there was a 34.8% increase in GFR of controls as 
compared to only 1.9% increase in SSc pts. The analysis 
showed that low RFR was related to higher basal mean 
arterial pressure and shorter disease duration. These find-
ings suggest that patients with SSc may have early renal 
involvement without signs or symptoms of clinically evi-
dent renal disease.

	   The above data point to the direction that RFR could 
be used as a sensitive tool for early detection of subclini-
cal renal dysfunction in SSc. However, this method is 
technically challenging and time consuming, factors that 
limit its use in everyday clinical practice.

•	 Do patients with SSc display significant proteinuria?

There are relatively limited data regarding proteinuria 
in SSc. Seiberlich et al. measured urine albumin and total 
protein excretion and performed urinary electrophoresis in 
80 SSc pts and 18 healthy controls [28]. Albumin excretion 
rate (AER) was determined by measurement of the albumin-
creatinine ratio (ACR) in the urine. Microalbuminuria was 
defined as 17 mg/g ≤ AER < 200 mg/g creatinine (for males) 
and 25 mg/g ≤ ACR < 300 mg/g creatinine (for females). 
Albuminuria (defined as at least microalbuminuria) was 
found in 20 pts (25%) and was correlated to increased sys-
tolic blood pressure (SBP) and disease duration. Fourteen 

Table 1   Studies reporting GFR data in patients with SSc

*This study reported data only for GFR < 60 ml/min. No data were reported for 60 < GFR < 90 ml/min. Patients with GFR < 60 ml/min were 
included in the analysis for patients with GFR < 90 ml/min, as well

Study Number of 
patients, n

Sex, F = female, 
n (%)

Mean age, years Mean GFR, ml/min GFR < 90 ml/min, 
n (%)

GFR < 60 ml/min, 
n (%)

Caron et al. [17] 561 471 (84%) 55.5 70.62 * 112 (20%)
Gupta et al. [19] 87 77 (88.5%) 36.88 74.80 66 (75.9%) 26 (29.9%)
Rosato et al. [20] 113 97 (85.8%) – 93.8 – –
Suebmee et al. [21] 76 50 (65.8%) 54.8 100.1 30 (39.5%) 3 (3.9%)
Gigante et al. [22] 41 37 (90.2%) 46 84 26 (63.4%) 7 (17.1%)
Reem et al. [23] 31 27 (87.1%) 43.25 79.24 17 (54.8%) 7 (22.6%)
Livi et al. [26] 28 24 (85.7%) 49.7 94.2 – –
Livi et al. [27] 21 18 (85.7%) 51.1 81.9 – –
Seiberlich et al. [28] 80 69 (86.2%) 55 90 – –
Total number of 

studies = 9
Total number of 

patients = 1038
Total number 

of female 
patients = 870 
(83.8%)

Grand mean 
GFR = 85.4 ml/
min

251
(31.5%)
Data available from 

5 studies with 796 
patients total

155 (19.5%) Data 
available from 5 
studies with 796 
patients total
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pts (17.5%) had increased total protein excretion (200 mg/g 
creatinine) and this was correlated to pulmonary involve-
ment. Protein composition in urine was evaluated by gel 
electrophoresis. The results were graded as: low molecular 
weight proteinuria (LMWP-excretion of albumin and pro-
teins smaller than albumin), intermediate (IMWP- excretion 
of albumin and proteins larger than albumin but smaller than 
immunoglobulins) and high (HMWP- excretion of proteins 
including immunoglobulins). Abnormal electrophoresis 
was noted in 39 pts. No patient or control had HMWP but 
IMWP was found in 25 pts and was associated to gastro-
intestinal involvement, diffuse type of SSc and increased 
SBP. LMWP was found in 14 pts and 4 controls but had 
no correlations. This study showed that abnormal urinary 
protein excretion is common in SSc and therefore urinary 
dipsticks should be performed routinely in SSc pts to detect 
early renal involvement.

Schuster et al. investigated whether therapy with ACE-
inhibitors was able to reverse the course of proteinuria in 
SSc patients during a 12-month period [29]. Proteinuria was 
evaluated with urine protein microelectrophoresis. All SSc 
patients (n = 31) had pathological urine microelectrophoresis 
and following treatment with an ACEI recession of proteinu-
ria was found in 74% of patients, especially in those with 
recent onset proteinuria and shorter disease duration. The 
investigators showed that treatment with ACE inhibitors can 
reverse proteinuria in SSc pts. Whether this decrease may 
lead to better CVD outcomes needs to be further explored.

Discussion

SSc is the prototype systemic fibrotic disease that also has a 
significant vascular component. Rheumatologists focus on 
early detection of fibrotic manifestations such as intersti-
tial lung disease [30, 31] or vascular manifestations such 
as pulmonary arterial hypertension or SRC because these 
manifestations largely dictate prognosis. However, comor-
bidities such as cardiovascular disease and renal dysfunction 
are often neglected in patients with SSc despite the fact that 
they may contribute to morbidity and mortality. In this litera-
ture review we found that 31.5% of patients with SSc have 
GFR < 90 ml/min, whereas 19.5% have GFR < 60 ml/min. 
Unfortunately, there are very limited data from comparative 
studies and therefore we cannot directly answer the question 
of whether renal function in SSc is significantly different 
compared to age- and sex-matched healthy controls. How-
ever, there are a lot of data regarding eGFR in the general 
population and an indirect comparison is feasible. In a large 
scale study of 7000 adults, it was shown that the percent-
age of subjects with GFR < 60 ml/min ranges from 2.1% to 
6.9% depending on the predictive equation used [32]. Taking 
into account that our analysis showed that 19.5% of patients 

with SSc have GFR < 60 ml/min we may conclude that renal 
impairment appears more prominent in SSc compared to 
the general population. Perhaps, it would be more useful to 
explore whether patients with SSc have worse, similar or 
better renal function compared to patients with other chronic 
rheumatic diseases that do not primarily target the kidneys, 
such as RA. There are several studies that have assessed 
the prevalence of renal dysfunction in RA. Hickson et al. 
studied renal function in 813 RA patients compared to 813 
controls and found that 9% had an eGFR < 60 ml/min [33]. 
Two other large scale studies assessing renal dysfunction in 
RA have shown that 8.8% [12] and 12.75% [11] of patients 
with RA have eGFR < 60 ml/min. These data indicate that 
patients with SSc may have worse renal function compared 
to patients with RA. However, definite conclusions cannot 
be drawn since studies directly comparing patients with RA 
and SSc do not exist.

In clinical practice, rheumatologists caring for patients 
with SSc mostly pay attention to pulmonary function tests, 
echocardiography and evolution of skin thickening but tend 
to neglect eGFR measurements and possible decline over 
time. Based on the results of our analysis, renal dysfunction 
in SSc is not uncommon; therefore, GFR estimation with 
CKD-EPI formula should be performed in every patient with 
SSc as a part of their routine follow-up. We have limited data 
regarding the main factors that associate with renal dysfunc-
tion in SSc; the few available studies have shown associa-
tions mostly with hypertension/cardiovascular disease. It is 
therefore reasonable to suggest that patients with SSc should 
be regularly subjected to cardiovascular risk assessment and 
receive appropriate treatment when indicated.
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