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SKIN THICKNESS SCORE AS A PREDICTOR AND CORRELATE OF
OUTCOME IN SYSTEMIC SCLEROSIS

High-Dose Versus Low-Dose Penicillamine Trial
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BRIAN ANDREWS, MICHA ABELES, and DANIEL E. FURST

Objective. To study the clinical implications of a
skin thickness score >20 at first visit and of softening of
sclerodermatous skin in a cohort of systemic sclerosis
(SSc) patients with diffuse cutaneous scleroderma.

Methods. Skin and visceral involvement were

assessed in 134 SSc patients with diffuse scleroderma
(mean 6 SD duration of SSc 10 6 4 months) as they
entered a multicenter drug trial and again at 2 years of
followup. Advent of mortality and scleroderma renal
crisis (SRC) were assessed during a followup of 4.0 6
1.1 years (mean 6 SD). Logistic and linear regression
were used to examine the relationship of baseline skin
score to morbidity, mortality, and visceral involvement
and the relationship of changes in skin score to changes
in physical examination, laboratory, and functional
variables over 2 years.

Results. A baseline skin score >20 was associated
with heart involvement at baseline (odds ratio [OR]
3.10, 95% confidence interval [95% CI] 1.25–7.70) and
was predictive of mortality (OR 3.59, 95% CI 1.23–
10.55) and SRC (OR 10.00, 95% CI 2.21–45.91) over 4
years. Multivariate linear regression demonstrated that
a model with skin score at baseline (P 5 0.0078) and
changes in large joint contractures (P 5 0.0072), tender
joint counts (P 5 0.0119), handspread (P 5 0.0242), and
Health Assessment Questionnaire disability index
(HAQ-DI) (P 5 0.0244) explained the change in skin
score over 2 years (R2 5 0.567). Multivariate logistic
regression demonstrated that the investigator’s global
assessment of improvement was best explained by a
model with skin score and HAQ-DI (R2 5 0.455).

Conclusion. A baseline skin score >20 was asso-
ciated with heart involvement at baseline and predicted
mortality and SRC over the subsequent 4 years. Im-
provement in skin score in these patients with diffuse
cutaneous scleroderma was associated with improve-
ment in hand function, inflammatory indices, joint
contractures, arthritis signs, overall functional ability,
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and the examining investigator’s global assessment of
improvement.

Tightening and thickening of the skin (scleroder-
ma) is a hallmark feature of systemic sclerosis (SSc). The
extent of scleroderma is the major criterion for classifi-
cation of SSc into 2 principal subgroups (diffuse and
limited disease) (1). The clinical impact of skin thicken-
ing is incompletely understood. The overall extent of
skin involvement has been shown to influence patient
function (2–4), range of motion (2,4,5), and survival
(6,7). Other data suggest that skin thickening serves as
an effective clinical surrogate for assessment of future
progression of the disease; greater extent and severity of
skin thickening are predictive of renal and cardiac
involvement, decreased survival, and increased disability
(4,6–8).

Veteran clinical observers of SSc recognize that
the clinical behavior of skin thickening in the individual
patient with diffuse cutaneous involvement is unpredict-
able, but also recognize that trends in groups of patients
are poorly quantified. The consensus is that skin involve-
ment worsens in the early stages of the illness and is
followed by a period of relative lack of change (plateau-
ing), and then by spontaneous improvement during the
later stages of the disease (9–11). These observations
parallel the sequential pathologic changes that occur,
such as edema and inflammation, fibrosis and indura-
tion, and atrophy.

Little is known of the prognostic significance of
the disease phase involving skin softening. Steen re-
cently noted that the 5- and 10-year survival among SSc
patients with diffuse scleroderma whose skin scores
declined over a 2-year study period were significantly
better than the rates of survival in a similar group whose
skin involvement did not improve (12). Seibold et al
noted, in a 6-month placebo-controlled trial of the
antifibrotic therapy recombinant human relaxin, that
softening of skin was paralleled by improved patient
function and finger motion (13). The absence of thera-
pies proven effective against skin thickening has im-
paired our ability to quantify the clinical meaningfulness
of a reduction in skin thickness.

The present study explores the clinical implica-
tions of softening of sclerodermatous skin by demon-
strating that skin softening is associated with improve-
ments in multiple physical, functional, and/or other
outcomes. Changes in skin thickness scores over a 2-year
period were related to the course of other SSc-
associated parameters in a cohort of 134 SSc patients
who were being followed up as part of a therapeutic trial.

Herein we present data that suggest that improvement in
skin thickening is associated with improvement in over-
all functional capacity, hand function, signs of systemic
inflammation, and other aspects of SSc cutaneous and
musculoskeletal involvement (i.e., large joint contrac-
tures, oral aperture, and joint tenderness and swelling).

PATIENTS AND METHODS

Patients. To be eligible for the study, patients had to
meet the American College of Rheumatology (formerly, the
American Rheumatism Association) criteria for the classifica-
tion of SSc (14), have diffuse cutaneous scleroderma (having
only limited cutaneous scleroderma was an exclusion criteri-
on), and have a duration of SSc #18 months from the onset of
the first manifestation other than Raynaud’s phenomenon
(15). All patients signed a consent form approved by the
Institutional Review Board at each center. The details and
results of the drug trial have been published elsewhere (16).

Patients were excluded for the following reasons: skin
thickening distal to, but not proximal to, the elbows and knees
(limited cutaneous scleroderma), age ,18 years or .75 years,
pregnancy, presence of another well-defined rheumatic disease
or of only a localized form of scleroderma, severe organ
involvement (defined previously [16]), another chronic debili-
tating illness (e.g., cancer), history of chronic blood dyscrasia,
occurrence of scleroderma renal crisis (SRC) within the pre-
ceding 2 months, or intractable congestive heart failure. If
patients required treatment with corticosteroids, the dose had
to be stable at #10 mg prednisone (or equivalent) per day for
at least 1 month prior to entry. Treatment with D-penicillamine,
azathioprine, cyclophosphamide, methotrexate, chlorambucil, po-
tassium aminobenzoate, colchicine, or captopril had to have been
discontinued for .1 month prior to study entry.

Diagnostic tests. At baseline and every 6 months
thereafter for up to 2 years, skin thickness was quantified using
the modified Rodnan skin thickness scoring technique (17), in
which skin thickness was assessed clinically in each of 17 body
surface areas on a 0–3 scale: 0 5 normal, 1 5 mild thickness,
2 5 moderate thickness, 3 5 severe thickness (maximum score
of 51). The reliability characteristics of this measure have been
addressed previously (17). Active handspread was measured
from the outermost aspect of the fifth digit to the outermost
aspect of the first digit during maximal handspread. Fist
closure was recorded as the distance from the distal end of the
ring finger to the distal palmar crease during maximal fist
closure (full closure was scored as 0). The vertical interlabial
distance was measured with the patient maximally opening the
mouth (oral aperture).

Organ system function was assessed at baseline and
yearly thereafter for up to 2 years, as follows: pulmonary
function tests (diffusing capacity for carbon monoxide [DLCO]
and forced vital capacity [FVC], recorded in ml as well as %
predicted), a posteroanterior chest radiograph (examined by a
radiologist for cardiomegaly and the presence and degree of
interstitial fibrosis; the cardiothoracic ratio was measured by
investigators), 24-hour urinalysis for creatinine clearance and
for protein content, measurement of serum creatine kinase
(CK; recorded as the percentage of the upper limit of normal),
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manual muscle testing, determination of joint tenderness and
swelling not considered by the investigator to be due to
another etiologic process (each assessed on a 0–1 scale in the
elbows, wrists, metacarpophalangeal joints, and knees [8 joints
total], with the number of tender or swollen joints summed to
give a joint tenderness count and joint swelling count), pres-
ence and number of contractures of the elbows, wrists, and
knees bilaterally, presence of palpable tendon friction rubs of
the elbows, wrists, hands, knees, ankles, and other areas,
measurement of serum creatinine, and routine urinalysis.
Patients also self-assessed their functional capacity by complet-
ing the 20-item disability index of the Health Assessment
Questionnaire (HAQ-DI). In this instrument (2–4), the 20
items (each assessed on a 0–3 scale) were divided into 8
domains; the highest scores in each of the 8 domains were
summed and divided by 8 to derive the HAQ-DI (score range
of 0–3).

Assessment of organ system involvement. Lung in-
volvement was considered present if the DLCO was #70%
predicted, FVC was #75% predicted, or definite interstitial
changes were noted on the chest radiograph. Renal involve-
ment was defined by a serum creatinine level that was higher
than the upper limit of normal, a 24-hour endogenous creati-
nine clearance of ,70 ml/minute (corrected to 1.73 mm2 body
surface area), or the occurrence of SRC. SRC was determined
to be present by the patient’s physician-examiner, whose
assessment was based largely on the recognition of acute renal
failure (serum creatinine level $2.0 mg/dl) and/or malignant
hypertension occurring with blood pressure $160/110 mm Hg
on at least 2 occasions at least 12 hours apart, accompanied by
either persistent abnormalities in the urine (proteinuria, he-
maturia [unrelated to menses], or casts) or evidence of mi-
croangiopathic hemolytic anemia. Muscle involvement was
defined by a CK level that was $200% of the upper limit of
normal or by muscle strength that was #4 of 5 (on a 5-point
Likert scale) in the proximal muscles (shoulder girdle and hip
girdle). Joint involvement was considered present if the joint
tenderness count was $1 tender joint. Heart involvement was
defined by a history of, or presence of, congestive heart failure,
cardiac arrhythmia requiring medication, pericarditis,
moderate-to-large pericardial effusion, or cardiomegaly, or by
a cardiothoracic ratio of .0.5 on the chest radiograph.

Change scores. During the 2-year followup of the 68
patients who completed the trial, many of the disease para-
meters changed (improved or worsened). Change scores were
calculated for these parameters by determining the difference
between the parameter value at 2 years and the value at
baseline. Linear regression was used in the analysis of change
scores that were continuous or ordinal and were normally
distributed, while logistic regression was used in the analysis of
binary outcome variables. For calculating logistic regression,
change scores were dichotomized as “improved” or “not
improved” (“no change” was always considered “not im-
proved”) based on whether the change was scored above or
below 0 (no change).

Outcomes. Five outcomes of interest were studied.
Change in skin score, a continuous outcome variable, was
calculated as the difference in the value of the skin score at 2
years compared with the value at baseline. Four dichotomous
outcomes were also examined. The occurrence of mortality and
SRC were assessed for a mean 6 SD of 4.0 6 1.1 years after

study entry. Response in skin thickening (skin response) was
defined as a $25% decrease in skin score at 2 years compared
with the value at entry. Finally, at 2 years, the physician-
examiner made a global assessment of each SSc patient’s
condition as being improved, worsened, or unchanged com-
pared with the status at entry (using a 7-point Likert scale that
ranged from 3 grades of improvement [mild, moderate,
marked] to no change to 3 grades of worsening [mild, moder-
ate, marked]). Because this ordinal outcome was not normally
distributed (the data were heavily skewed toward improve-
ment), the global assessment of the patient’s course over 2
years was also dichotomized as “improved” if the investigator
assessed the patient’s course as any grade of improvement, and
“not improved” if the patient’s course was assessed as “no
change” or as any grade of worsening.

For prediction of 2 of the outcomes, mortality and
SRC, baseline and followup data were available on 133 of the
patients. Change score data on the 68 patients who completed
2 years of study medication were available for predicting the
correlations between explanatory variables and the change in
skin score, skin response, and global assessment; followup data
were not routinely collected on the patients who withdrew
before completing 2 years, and therefore analysis of these 3
outcomes could not be performed in the group of 66 patients
who withdrew. There were too few deaths (n 5 1) or episodes
of SRC (n 5 3) to allow analysis of these events in the subset
who completed 2 years.

Statistical analysis. The data were entered and main-
tained in Medlog software (Information Analysis Corporation,
Incline Village, NV), but all of the statistical analyses were
performed using Stata (College Station, TX) and SAS (Chica-
go, IL) software. All continuous data are displayed as the
mean 6 SD, unless otherwise specified. Group means were
compared using Student’s 2-tailed, unpaired t-test. Clinical
subsets were developed based on dichotomous variables (divi-
sions occurring naturally or when continuous variables were
made dichotomous by division above or below a cutoff point,
usually the median). Since the data were frequently not
normally distributed, Spearman’s (rather than Pearson’s) cor-
relation coefficients were calculated. Spearman’s correlation
coefficients were calculated for mortality, SRC, skin response,
and global improvement as binary outcome variables, and for
change in skin score as a continuous outcome variable, while
other variables served as independent or explanatory variables
(continuous where available, dichotomous otherwise).

Logistic regression was used in the analysis in situa-
tions where the outcome was binary or, if continuous or
ordinal, not normally distributed. Crude odds ratios (OR) and
95% confidence intervals (95% CI) were estimated using
logistic regression, with the outcome variable and the explan-
atory variables as dichotomous variables. Since there was an
effect on the outcome variables by many of the exposure
variables in univariate logistic regression, only variables with P
values less than 0.05 by chi-square testing were selected for
multivariate logistic regression. Separate logistic models were
built for each outcome variable (i.e., mortality, SRC, skin
response, and global improvement). Independent variables of
interest were then entered as dichotomous explanatory vari-
ables into each backward, stepwise multivariate logistic model.
Adjusted OR and 95% CI were used to model associations of
each predictor with each outcome. The R2 value was the
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measure of how well the logistic regression model explained
the outcome (18). The effect of explanatory variables on
mortality and SRC was also analyzed by life-table (Kaplan-
Meier) and Cox proportional hazards methods.

In the one situation where the outcome was continuous
and normally distributed (change in skin score), linear regres-
sion was used. The effect of explanatory variables on change in
skin score was analyzed by univariate and backward, stepwise
multivariate linear regression (starting with the variables hav-
ing P values less than or equal to 0.05 on univariate regres-
sion). The R2 value was the measure of the proportion of
variance in each outcome that was explained by the regression
model.

RESULTS

Patient characteristics at baseline (n 5 134). The
details of our randomized, controlled trial of high-dose
(1,000 mg daily) versus low-dose (125 mg every other
day) penicillamine for the diffuse cutaneous sclero-
derma variant of SSc have been published elsewhere
(16). In summary, the courses of the 3 major outcome
variables in the drug trial were similar in the 2 dosage
groups: the skin thickness score improved to a similar
degree in both groups over the 2 years of study, and the
number of patients who died or experienced renal crisis
was also comparable in the 2 groups during a mean 6
SD followup of 4.0 6 1.1 years from entry. The data on
all 134 patients who entered the trial were pooled for
this analysis. In the analyses described below, only one
outcome, physician-examiner’s global assessment, was
statistically related to patient allotment to the high or
low dose of penicillamine in univariate analyses. In
multivariate regression, the global assessment variable
was not a significant contributor to the outcomes. Dur-
ing the followup period (verified in 133 patients; 1
patient was lost to followup), 18 (14%) developed renal
crisis and 20 (15%) died.

The demographic and baseline disease-related
characteristics of the 134 patients (of whom 104 were
female) are shown in Tables 1 and 2. The mean 6 SD
age was 43.7 6 12.4 years. The mean modified Rodnan
skin thickness score was 21.0 6 8.0, the mean duration of
SSc prior to entry was 10 6 4 months, and the mean
HAQ-DI score was 1.04 6 0.67. Tendon friction rubs
were noted in 37% of the patients, large joint contrac-
tures in 56%, joint involvement in 38%, muscle involve-
ment in 16%, renal involvement in 25% (no patient had
experienced SRC prior to entry), heart involvement in
20%, and lung involvement in 54%. Thirty percent of the
patients were taking prednisone, with the average dose
being 7.5 6 2.5 mg per day.

In patients with skin scores $20, the odds (OR)
of having heart involvement at baseline, compared with
subjects with skin scores ,20, was 3.10 (95% CI 1.25–
7.70, P 5 0.015). The risk of having kidney or lung
involvement at baseline, however, was similar in both
skin score groups.

Table 1. Continuous parameters/variables at baseline in all 134
patients with systemic sclerosis*

Variable Mean 6 SD Median

Demographic
Age, years 43.7 6 12.4 43.5

History
Duration of Raynaud’s phenomenon at

entry, days
582 6 1,209 289

Physical examination
Maximum oral aperture, mm 45.3 6 10.0 44.0
Handspread, right, mm 174.6 6 28.5 175.0
Fist closure, right, mm 25.4 6 20.8 25.0
Skin score (0–51) 21.0 6 8.0 19.0
Tender joint count (0–8) 1.5 6 2.4 0
Swollen joint count (0–8) 0.9 6 1.6 0

Laboratory
Hematocrit, male, % 41.4 6 3.1 41.6
Hematocrit, female, % 38.3 6 3.7 38.6
White blood cell count, 31,000/mm3 8.4 6 2.3 8.2
Platelet count, 31,000/mm3 340 6 103 330
Erythrocyte sedimentation rate, mm/hour 23.9 6 17.1 20.0
Creatine kinase, % of upper limit of

normal
81.7 6 124.1 46.1

DLCO, % predicted 75.2 6 18.3 76.0
Forced vital capacity, % predicted 83.5 6 16.9 85.0
Creatinine clearance, ml/minute 93.2 6 31.1 89.6
Serum creatinine, mg/dl 0.89 6 0.19 0.90

* DLCO 5 diffusing capacity for carbon monoxide.

Table 2. Dichotomous parameters/variables at baseline in all 134
patients with systemic sclerosis

Variable No. of patients % of patients

Sex
Female 104 78
Male 30 22

D-penicillamine dose
High 66 49
Low 68 51

Prednisone use 40 30
Digital tip ulcer 15 11
Nondigital tip ulcer 21 16
Proximal muscle weakness 14 10
Muscle involvement 22 16
Tendon friction rub 49 37
Large joint contractures 75 56
Swollen joint count 40 30
Joint involvement 51 38
Renal involvement 34 25
Heart involvement 27 20
Lung involvement 72 54
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Baseline predictors of outcomes (n 5 134). Mor-
tality. During 4.0 6 1.1 years of followup, 20 (15%) of
the 133 patients in whom outcome was verified died.
Using Spearman’s correlations, univariate logistic re-
gression, and life-table methods, 11 potential predictors
of mortality were found at baseline (Table 3). Since
FVC and DLCO were included in the composite lung
involvement parameter and lung involvement had a
stronger relationship with skin response, only the lung
involvement parameter was explored further in multi-
variate logistic regression. When stepwise multivariate
logistic regression was performed with the remaining 9
potential predictors, lung involvement (multivariate OR
6.09, 95% CI 1.61–23.07) and skin score $20 (OR 3.69,
95% CI 1.17–11.67) were the only 2 variables that
contributed significantly to predicting mortality (com-
bined R2 5 0.1390). The addition of other explanatory
variables did not appreciably increase the R2 value.

SRC. At baseline, none of the patients had ever
had an episode of SRC. During 4.0 6 1.1 years of
followup, 18 (14%) of the 133 patients in whom the
outcome was verified developed SRC. Using Spearman’s
correlations, univariate logistic regression, and life-table
methods, 6 potential predictors of SRC were found at
baseline (Table 4). Stepwise multivariate logistic regres-
sion suggested that of the 6, large joint contractures
(multivariate OR 9.41, 95% CI 1.16–76.07) and skin
score $20 (OR 6.64, 95% CI 1.40–-31.46) were the only
2 variables that contributed significantly to predicting
SRC (combined R2 5 0.1603). The addition of other
explanatory variables did not appreciably increase the
R2 value.

Patient characteristics over 2 years (n 5 68).
Over the course of the study, 66 patients withdrew
before finishing the full 2 years. Two-year data were
complete on only 68 patients. Improvement was noted in

Table 3. Baseline variables that correlated with or predicted mortality (n 5 133)*

Variable

Correlations Logistic regression (univariate) Kaplan-Meier

Coefficient† P OR 95% CI P Group at risk Log-rank P Wilcoxon P

Heart involvement 0.2559 0.0032 4.23 1.532–11.668 0.005 Heart involvement 0.0007 0.0009
Lung involvement 0.2198 0.0116 4.07 1.280–12.954 0.017 Lung involvement 0.0080 0.001
Skin score 0.2135 0.0140 3.59 1.227–10.548 0.020 Skin score $20 0.0181 0.0335
Large joint contractures 0.1483 0.0897 3.59 1.130–11.425 0.030 Presence of large joint contractures 0.0159 0.0105
FVC 20.2329 0.0077 3.46 1.178–10.173 0.024 FVC ,85% predicted 0.0203 0.0021
Hematocrit 20.2623 0.0024 3.34 1.136–9.814 0.028 Male ,41.6%; female ,38.6% 0.0184 0.0018
ESR 0.2671 0.0033 3.33 1.121–9.870 0.030 ESR $20 mm/hour 0.0176 0.0018
HAQ-DI 0.2664 0.0020 3.22 1.097–9.468 0.033 HAQ-DI $1.0 0.0338 0.0110
Oral aperture 20.2509 0.0040 3.18 1.071–9.421 0.037 Oral aperture #45 mm 0.0283 0.0121
DLCO 20.2333 0.0080 3.00 1.075–8.375 0.036 DLCO ,76% predicted 0.0454 0.0387
Platelet count 0.1190 0.1760 1.09 0.412–2.891 0.176 Platelets $330,000/mm3 0.0188 0.0125

* OR 5 odds ratio; 95% CI 5 95% confidence interval; FVC 5 forced vital capacity; ESR 5 erythrocyte sedimentation rate; HAQ-DI 5 Health
Assessment Questionnaire disability index; DLCO 5 diffusing capacity for carbon monoxide.
† Positive coefficients indicate that higher values of each variable at baseline predict an increased risk of mortality. Negative coefficients indicate
that lower values of each variable at baseline predict an increased risk of mortality.

Table 4. Baseline variables that correlated with or predicted SRC (n 5 133)*

Variable

Correlations Logistic regression (univariate) Kaplan-Meier

Coefficient† P OR 95% CI P Group at risk Log-rank P Wilcoxon P

Large joint contractures 0.2626 0.0024 16.12 2.075–125.254 0.008 Presence of large joint contractures 0.0006 0.0007
Skin score 0.2824 0.0011 10.00 2.213–45.907 0.003 Skin score $20 0.0004 0.0007
Prednisone use 0.2251 0.0098 3.63 1.304–10.051 0.014 Prednisone use 0.0201 0.0202
Heart involvement 0.1791 0.0415 2.93 1.010–8.482 0.048 Heart involvement 0.0104 0.0075
Hematocrit 20.2041 0.0194 2.04 0.714–5.800 0.183 Male ,41.6%; female ,38.6% 0.1256 0.1255
Oral aperture 20.1858 0.0350 1.60 0.578–4.429 0.366 Oral aperture ,45 mm 0.3128 0.3720

* OR 5 odds ratio; 95% CI 5 95% confidence interval.
† Positive coefficients indicate that higher values of each variable at baseline predict an increased risk of scleroderma renal crisis (SRC). Negative
coefficients indicate that lower values of each variable at baseline predict an increased risk of SRC.
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a number of clinical and laboratory variables in the 68
patients. The modified Rodnan skin thickness score
decreased by 5.9 6 9.4 units, the HAQ-DI by 0.15 6 0.59
units, the tender joint count by 0.4 6 2.4 units, and fist
closure by 3.8 6 18.9 mm, whereas the FVC (expressed
as % predicted) increased by 4.8 6 13.4% and hand-
spread by 5.3 6 17.6 mm. During the 2-year study, the
new onset of heart and lung involvement was not
associated with the baseline skin score (data not shown).

Of the 68 patients who completed the full 2-year
study, the skin thickness score decreased by $25% of the
baseline value in 42 patients, and these patients were
considered “skin responders” (Tables 5 and 6). The
other 26 patients did not have such a decrease and were
considered “skin nonresponders.” At baseline, skin re-
sponders more frequently had impaired fist closure (P 5
0.049) and large joint contractures (P 5 0.034), while
skin nonresponders more often had heart involvement
(P 5 0.025) and fingertip ulcers (P 5 0.011). Baseline
characteristics were otherwise not different in the 2
groups. At 2 years, however, skin responders as a group
showed significant improvements, compared with non-

responders, in oral aperture, handspread, fist closure,
HAQ-DI, and, not unexpectedly, skin thickness score.
Although the new onset of heart, lung, kidney, muscle,
and joint involvement over these 2 years was not signif-
icantly different between the 2 groups (Table 6), skin
nonresponders were more likely to develop new contrac-
tures (P 5 0.037). These data, therefore, support the
conclusion that improvement in skin thickening (de-
crease in skin score) was associated with improvement in
oral aperture, hand function (handspread, fist closure),
and overall functional capacity (HAQ-DI).

Correlates of outcome over 2 years. Skin score.
Because the course of the skin score over 2 years was
normally distributed in the 68 patients, relationships to
explanatory baseline and change variables were exam-
ined by linear regression. The baseline and change
variables that had significant (P , 0.05) relationships to
changes in the skin score (by Spearman’s correlation
coefficients and univariate regression R2) are shown in
Table 7. When these relationships were analyzed by
stepwise multivariate linear regression, the skin score at
baseline along with 4 change variables together ex-

Table 5. Continuous parameters/variables in the 68 systemic sclerosis patients who completed the 2-year study, according to skin “response”*

Variable

Baseline Change score at 2 years

Skin
responders

Skin
nonresponders P

Skin
responders

Skin
nonresponders P

Demographic
Age, years 43.7 6 13.5 45.1 6 13.5 0.686 – – –

History
Duration of Raynaud’s phenomenon at

entry, days
776 6 1,363 922 6 2,074 0.733 – – –

Physical examination
Maximum oral aperture, mm 48.2 6 12.0 48.3 6 8.0 0.971 4.2 6 8.1 21.9 6 7.3 0.003†
Handspread, right, mm 179.2 6 30.3 183.0 6 29.1 0.620 0.8 6 13.7 215.2 6 19.0 0.002†
Fist closure, right, mm 28.4 6 22.5 17.6 6 17.0 0.049† 29.0 6 16.5 6.2 6 19.5 0.002†
Skin score (0–51) 20.8 6 8.8 19.1 6 7.9 0.484 211.3 6 6.0 2.9 6 6.9 0.000†
Tender joint count (0–8) 2.0 6 2.5 0.9 6 1.5 0.052 20.9 6 2.1 0.4 6 2.6 0.031
Swollen joint count (0–8) 0.7 6 1.4 0.8 6 1.3 0.774 20.6 6 1.5 20.1 6 2.1 0.268
Tender joint count (0–8) 2.0 6 2.5 0.9 6 1.5 0.052 20.9 6 2.1 0.4 6 2.6 0.031
Swollen joint count (0–8) 0.7 6 1.4 0.8 6 1.3 0.774 20.6 6 1.5 20.1 6 2.1 0.268

Laboratory
Hematocrit, % 39.9 6 3.2 39.7 6 3.4 0.807 0.4 6 3.0 20.6 6 2.6 0.174
White blood cell count, 31,000/mm3 8.1 6 2.2 8.7 6 2.5 0.314 21.4 6 1.8 20.4 6 2.4 0.060
Platelet count, 31,000/mm3 318 6 89 362 6 103 0.073 246 6 68 281 6 93 0.085
Erythrocyte sedimentation rate, mm/hour 22.2 6 15.1 20.2 6 12.4 0.581 24.3 6 8.4 21.2 6 17.0 0.881
Creatine kinase, % of upper limit of

normal
58.7 6 55.30 123.5 6 241.0 0.106 211.3 6 58.0 29.5 6 71.4 0.912

DLCO, % predicted 75.6 6 16.4 76.1 6 19.9 0.913 20.6 6 18.4 23.1 6 21.0 0.616
Forced vital capacity, % predicted 86.7 6 20.7 80.8 6 14.3 0.216 6.7 6 13.2 1.9 6 13.3 0.160
Creatinine clearance, ml/minute 87.7 6 27.1 98.4 6 37.7 0.188 21.0 6 33.4 216.1 6 34.1 0.088
Serum creatinine, mg/dl 0.9 6 0.2 0.9 6 0.2 1.000 20.0 6 0.2 20.0 6 0.2 1.000

* Values are the mean 6 SD. Skin responders comprised 42 patients whose skin score decreased by $25% of the baseline value. Skin nonresponders
comprised 26 patients whose skin score did not decrease by $25% of the baseline value. P values were calculated by unpaired t-test comparing mean
values (baseline or change score at 2 years) of skin responders versus skin nonresponders. DLCO 5 diffusing capacity for carbon monoxide.
† P , 0.05.
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plained 57% of the variance of the change in skin score
(R2 5 0.5671). These included baseline skin score (P 5
0.0078) and changes in large joint contractures (P 5
0.0072), tender joint counts (P 5 0.0119), handspread
(P 5 0.0242), and HAQ-DI (P 5 0.0244). The addition
of other explanatory variables did not appreciably in-
crease the R2 value.

Skin response. Of the 68 patients who completed
the 2-year trial, 42 had a “response” in skin score ($25%
decrease). Using Spearman’s correlations, only 3 poten-

tial baseline variables were predictive of a response in
skin thickness: absence of heart involvement and of
fingertip ulcers, and a platelet count $330,000/mm3

(data not shown). Using univariate and multivariate
logistic regression, the absence of heart involvement and
of fingertip ulcers at baseline were, together, predictors
of improvement in skin score (multivariate OR 7.26,
95% CI 1.65–32.07 for absence of fingertip ulcers and
OR 6.23, 95% CI 1.37–28.31 for absence of heart
involvement; R2 5 0.1701).

Table 6. Frequency of dichotomous variables at baseline and the frequency of new-onset involvement (not present at baseline) at 2 years in 42 skin
responders and 26 skin nonresponders

Variable

Baseline*
New occurrence of involvement at 2 years in

subjects at risk†

Skin responder
(n 5 42)

Skin nonresponder
(n 5 26) P‡

Skin
responder

Skin
nonresponder P‡

Female sex 30 (71) 21 (81) 0.391 – – –
Prednisone use 10 (24) 5 (19) 0.660 – – –
Digital tip ulcer 3 (7) 8 (31) 0.011§ 3/39 (8) 4/16 (25) 0.088
Nondigital tip ulcer 8 (19) 6 (23) 0.692 2/34 (6) 4/20 (20) 0.115
Proximal muscle weakness 3 (7) 0 (0) 0.163 3/39 (8) 1/26 (4) 0.519
Muscle involvement 4 (10) 2 (8) 0.811 4/38 (11) 2/24 (8) 0.070
Tendon friction rub 15 (36) 6 (23) 0.273 2/27 (7) 4/20 (20) 0.081
Large joint contractures 24 (57) 8 (31) 0.034§ 4/18 (22) 10/18 (56) 0.037§
Swollen joint count 10 (24) 9 (35) 0.274 2/32 (6) 2/17 (12) 0.463
Joint involvement 20 (48) 8 (31) 0.173 4/22 (18) 3/18 (17) 0.934
Renal involvement 11 (26) 6 (23) 0.775 3/31 (10) 6/20 (30) 0.070
Heart involvement 3 (7) 7 (27) 0.025§ 4/39 (10) 4/19 (21) 0.168
Lung involvement 19 (45) 16 (62) 0.195 4/23 (17) 3/10 (30) 0.400

* Values are the number (%) of patients.
† Values are the number (%) of new-onset cases/number of subjects at risk (i.e., did not have that involvement at baseline).
‡ P values were calculated by chi-square test comparing skin responder and skin nonresponder groups (baseline or change score at 2 years).
§ P , 0.05.

Table 7. Baseline and 2-year change variables that correlated with change in skin score over the study
period (n 5 68)*

Variable

Correlation Linear regression (univariate) Direction of change
associated with skin

response in group at riskCoefficient† P R2 P

Change variable
Handspread, right 20.4672 0.0001 0.2469 0.000 Increasing handspread
HAQ-DI 0.4918 0.0000 0.2458 0.000 Decreasing HAQ-DI
Large joint contractures 0.4667 0.0001 0.1884 0.000 Fewer contractures
Oral aperture 20.3480 0.0042 0.1686 0.001 Increasing oral aperture
Tender joint count 0.3370 0.0049 0.1663 0.001 Fewer tender joints
Swollen joint count 0.1998 0.1024 0.1460 0.001 Fewer swollen joints
Fist closure 0.4326 0.0004 0.1230 0.004 Tighter fist
Hematocrit – – 0.0645 0.040 Increasing hematocrit
WBC count 0.3614 0.0029 0.0786 0.023 Decreasing WBC

Baseline variable
Skin score 20.3777 0.0015 0.1354 0.002 Higher skin scores
Tender joint count 20.2584 0.0334 0.0633 0.038 Tender joints

* HAQ-DI 5 Health Assessment Questionnaire disability index; WBC 5 white blood cell.
† Positive correlation indicates that higher values show stronger relationship to change in skin score.
Negative correlation indicates that lower values show stronger relationship to change in skin score.
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Global improvement. Of the 68 patients who
completed the 2-year trial, 50 were judged by their
center physicians to have “improved” globally. Using
Spearman’s correlations and univariate logistic regres-
sion, only 2 baseline variables were found to predict
global improvement: higher hematocrit levels ($41.6%
in males and $38.6% in females) and the presence of
fewer contractures. Higher hematocrit (multivariate OR
4.11, 95% CI 1.13–14.95) and the presence of fewer
contractures at baseline (OR 4.46, 95% CI 1.23–16.14)
were the only 2 variables that, together, best explained
global improvement (R2 5 0.1565). The addition of
other explanatory variables did not appreciably increase
the R2 value.

In contrast, 11 change variables correlated with
global improvement (Table 8). Two of these change
variables (change in skin score and change in HAQ-DI)
had exceptionally strong associations with global im-
provement and were analyzed together in multivariate
logistic regression. Change in skin score (multivariate
OR 18.91, 95% CI 3.06–116.98; P 5 0.002) and change
in HAQ-DI (OR 17.96, 95% CI 2.89–111.55; P 5 0.002)
were the 2 variables that, together, best explained the
model (R2 5 0.455). No other explanatory variables
were significant at the P , 0.05 level when added to the
model.

DISCUSSION

Although skin thickness is the most obvious and
frequent characteristic of SSc, some investigators have
downplayed its importance in the course of SSc. “Pa-

tients do not die from thick skin” is the refrain. In the
last decade, however, it has become clear that the degree
and extent of skin thickening definitely are important
clues to risks for future morbidity and mortality in SSc.

The data derived from the present study cohort
of 134 patients with early diffuse SSc support and add to
the findings of previous reports (2,4–8) in which high
skin scores have been linked to increased risks for
morbidity and mortality in SSc. Our data clearly dem-
onstrate that higher skin scores (in this case, a modified
Rodnan skin score $20), together with lung involve-
ment, are the most important identifiable risk factors for
early mortality (multivariate OR 3.69 for skin score and
6.09 for lung involvement). This finding confirms the
conclusions of previous investigators who have demon-
strated that a high skin score is one of the major
determinants predicting early mortality (6,7).

Our study also confirms the reports by Steen et al
and other investigators, that high skin scores at first visit
are an important risk factor for renal crisis (6,8). Our
data show that although several variables are predictive
of SRC, a skin score $20 (multivariate OR 6.64) and
large joint contractures (OR 9.41) together are the best
predictors. Our data also demonstrate that patients with
higher skin scores ($20) at baseline are more likely to
have heart (but not lung) involvement at baseline. Our
recently reported analysis of data from the same cohort
of 134 SSc patients also showed that functional impair-
ment in SSc at entry, as measured by the HAQ-DI, was
greater in SSc patients with higher skin scores (4). These
observations, therefore, link higher skin scores with

Table 8. Change in explanatory variables over 2 years that correlated with or were associated with physician’s global assessment as “improved”
over the same 2-year period (n 5 50)*

Variable

Correlations Logistic regression (univariate)
Direction of change

in group at riskCoefficient† P OR 95% CI P

Change variable
Skin score 20.6852 0.000 24.62 5.475–110.711 0.000 Improving skin score
HAQ-DI 20.5814 0.000 22.15 4.469–109.463 0.000 Improving HAQ-DI
WBC count 20.4034 0.001 6.16 1.617–23.463 0.008 Decreasing WBC
Fist closure, right 20.4337 0.000 4.20 1.181–14.937 0.027 Tighter fist
Oral aperture 0.4365 0.000 3.89 1.212–12.460 0.022 Wider aperture
Large joint contractures 20.4600 0.000 5.62 0.677–46.685 0.110 Fewer contractures
Handspread, right 0.3588 0.003 3.22 0.817–12.677 0.095 Wider handspread
Skin ulcers 20.3021 0.008 2.60 0.297–22.868 0.388 Fewer ulcers
FVC 0.2636 0.035 1.90 0.611–5.887 0.268 Increasing FVC
Tender joint count 20.2637 0.030 0.92 0.249–3.381 0.896 Fewer tender joints

Baseline variable
Penicillamine dose 0.3025 0.012 4.24 1.305–13.741 0.016 Lower dose

* See Tables 3 and 7 for definitions.
† Positive correlation indicates that higher values predict a higher likelihood of physician’s global assessment as “improved.” Negative correlation
indicates that lower values predict a higher likelihood of physician’s global assessment as “improved.”
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higher rates of mortality, SRC, heart involvement, and
disability, and suggest that although thick skin may not
be fatal per se, it clearly serves as a marker for patients
who are destined for poor outcomes.

The same dissenting investigators have also re-
marked that skin softening should not be a major goal of
therapy, again because “improving the skin is not im-
proving visceral or functional outcomes,” which are the
“real” surrogates of morbidity and mortality. New data
(ours and others) suggest that this view should be
tempered. For example, Steen recently reported that the
risk of 5- and 10-year mortality was significantly less in
SSc patients with diffuse cutaneous scleroderma (first
seen within 3 years of SSc onset) whose skin thickness
scores decreased over a 2-year period compared with
patients whose skin scores did not improve (12). Because
we had only 1 death among the patients followed up for
2 years, we were not able to address this issue.

The present study explores the ramifications of
skin softening further by evaluating whether skin soften-
ing is associated with improvement in physical, func-
tional, and/or other outcomes over a 2-year study period.
Our analyses consistently demonstrate that significant
improvement in skin score is associated with improve-
ment in hand function (as measured by improved hand-
spread and fist closure), joint contractures (improved
oral aperture and large joint contractures), inflamma-
tory indices (lowered white blood cell count and in-
creased hematocrit), arthritis signs (decreased joint ten-
derness and swelling counts), and overall functional
capacity (improved HAQ-DI). In this analysis, regres-
sion showed that the baseline skin score coupled with
changes in large joint contractures, tender joints, hand-
spread, and HAQ-DI explained 57% of the changes in
skin score over 2 years, a very good effect for a biologic
model.

Our data cannot directly address the issue of
whether skin improvement is causally related to im-
provement in physical and functional outcomes or to
decreased morbidity and mortality. In the recently re-
ported placebo-controlled trial of the antifibrotic ther-
apy recombinant human relaxin, it was noted that soft-
ening of skin was also paralleled by improved patient
function and finger motion (13). Together, these obser-
vations support the conclusion that softening of skin
(naturally or by relaxin) is associated with (even if not
causative of) improvements in other physical and func-
tional outcomes.

These data (ours and others) suggest that
changes in skin thickness reflect the evolution of the
underlying biology of the fibrotic process in SSc over

time, especially in patients with diffuse cutaneous sclero-
derma. Early in the disease, skin thickens as excess
collagen and matrix are deposited. In a similar manner,
the lungs, heart, gastrointestinal tract, tendons, peri-
articular structures, and other organs are targets of
excess deposition of collagen and of matrix deposition.
Later in the disease course, as the balance between
deposition and resorption shifts in favor of collagen
resorption, skin thins (or softens), the joints become
more flexible, energy increases, and function improves.
Softening of skin may therefore be a sign that the tempo
of the disease is abating overall, that excess collagen is
being removed, and that the body is beginning to heal
itself.

In our study, only about half of the patients who
entered actually completed the 2-year study. They
formed the cohort used in the analysis over time.
Unfortunately, our data cannot address the course of
scleroderma in the patients who left the study and were
not further evaluated. Our data do, however, clearly
show that the condition of many of the patients (about
two-thirds of the group who completed the study) im-
proved over time. The improvements in skin thickening,
hand function, inflammatory indices, arthritis signs, and
overall functional ability were undoubtedly a reflection
of the biologic phase of fibrosis, which, at this point, was
in a resorptive phase.

Although patients were not queried about
whether they had improved during the course of the
study, we did query the investigators (physician’s global
assessment) about the status of the patients they cared
for during the 2-year study. Fifty of the 68 SSc patients
were judged by investigators to have improved. In this
study, 2 major factors that contributed most to the
investigator’s judgment about whether or not patients
had improved were change in skin score and change in
the HAQ-DI. These 2 factors accounted for ;45% of
the investigator’s judgment about patient improvement.

These observations demonstrate that improve-
ment in skin score in SSc patients with diffuse cutaneous
scleroderma is associated with improvement in hand
function, inflammatory indices, contractures, arthritis
signs, overall functional ability, and investigator’s global
assessment of improvement. The improvements in phys-
ical, functional, and other outcomes detected in this and
other studies support the argument that improvements
in skin thickness are not limited to improvements in skin
alone; they are clearly associated with improved func-
tional outcomes and with a decrease in the risks of
morbidity and mortality. The implications for patients
and physicians alike is that the natural history for many
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patients with early diffuse cutaneous scleroderma may
involve a period of improvement after the initial few
years of worsening.
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