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Modifications of the sympathetic skin
response in workers chronically
exposed to lead
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Abstract

The long-term effects of low-level lead intoxication are not known.
The sympathetic skin response (SSR) was evaluated in a group of 60
former workers of a primary lead smelter, located in Santo Amaro,
BA, Brazil. The individuals participating in the study were submitted
to a clinical-epidemiological evaluation including questions related to
potential risk factors for intoxication, complaints related to peripheral
nervous system (PNS) involvement, neurological clinical examina-
tion, and also to electromyography and nerve conduction studies and
SSR evaluation. The sample consisted of 57 men and 3 women aged
34 to 69 years (mean ± SD: 46.8 ± 6.9). The neurophysiologic
evaluation showed the presence of lumbosacral radiculopathy in one
of the individuals (1.7%), axonal sensorimotor polyneuropathy in 2
(3.3%), and carpal tunnel syndrome in 6 (10%). SSR was abnormal or
absent in 12 cases, representing 20% of the sample. More than half of
the subjects (53.3%) reported a history of acute abdominal pain
requiring hospitalization during the period of work at the plant. A
history of acute palsy of radial and peroneal nerves was reported by
about 16.7 and 8.3% of the individuals, respectively. Mean SSR
amplitude did not differ significantly between patients presenting or
not the various characteristics in the current neurological situation,
except for diaphoresis. The results suggest that chronic lead intoxica-
tion induces PNS damage, particularly affecting unmyelinated small
fibers. Further systematic study is needed to more precisely define the
role of lead in inducing PNS injury.
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Introduction

Lead intoxication, or saturnism, can be
of environmental or occupational origin.
Lead accumulates mainly in the bones and
has more intense toxic effect on the nervous
system, bone marrow and kidneys (1). The
most frequently reported symptoms of acute
lead intoxication are gastrointestinal com-
plaints and acute encephalopathy, with con-
fusion, hyperactivity, irritability, and depres-
sion (2). The involvement of the peripheral
nervous system (PNS) in acute intoxications
is described as a purely motor disorder, with
a tendency towards the involvement of the
radial nerve (2,3).

The long-term effects of low-level lead
intoxication are not fully known. It was
shown in the 70’s that workers with asymp-
tomatic lead intoxication present PNS dys-
functions (4,5). Sensory disturbances are not
generally described as important findings,
with the presence of minor sensory symp-
toms and normal neurologic results for all
the sensory features (2). However, Murata et
al. (6) have suggested that lead can also
affect autonomous functions, particularly the
sympathetic system, at a subclinical level.
Two recent studies have described a fre-
quency of 30 and 49%, respectively, of sen-
sory symptoms in cases of chronic lead in-
toxication (3,7).

It has been suggested that, differently
from acute intoxication cases in which mo-
tor abnormalities are observed, sensory and
autonomic polyneuropathy are seen in long-
term lead intoxication, probably reflecting a
direct neurotoxic effect of lead (3). These
studies have shown slightly altered distal
motor latencies and normal sensory nerve
conduction. According to the authors, the
relative normality observed was due to the
fact that routine conduction studies evaluate
the integrity of the fastest-conducting large
myelinated fibers, and not of unmyelinated
fibers, or C fibers. The functionality of thin
unmyelinated nerve fibers can be evaluated

by the sympathetic skin response (SSR), a
simple and accurate electrophysiological test
(7,8) used to evaluate the reflex activity of
sudomotor sympathetic pathways.

Although systematic information on the
prevalence of lead intoxication in Brazil is
not available, isolated studies and the report-
edly high exposure indices suggest it to be
high (9). High plumbemia levels were ob-
served among workers of a primary smelter
which was in activity in Santo Amaro da
Purificação, BA, Brazil, between 1960 and
1996, as well as in children living in the city
(10-13). The objective of the present study
was to evaluate the SSR in a group of former
employees at a lead smelter plant.

Subjects, Material and Methods

A group of 60 former workers of a pri-
mary lead smelter located in Santo Amaro
(BA, Brazil) was studied in September 2004.
The smelter, a subsidiary of the multina-
tional Peñarroya, was established in Santo
Amaro in 1960. In 1987, control of the com-
pany was transferred to a national group,
and the plant was closed in 1993. While the
plant was in activity, there was information
about the need for medical care for several
employees, in the medical service unit, where
chelant medication was available for the
emergency treatment of cases of abdominal
colic (13). In 1974, Mendes (11) observed
that 82% of the 57 employees, randomly
selected, had serum lead levels higher than
70 µg/dL. The urine concentration of delta-
aminolevulinic acid, a less sensitive indica-
tor of lead intoxication, was above 20 mg/g
creatinine in 35% of the workers. In 1992,
the Regional Delegacy of Work of the State
of Bahia (DRT, in the Portuguese acronym)
reported that 20.9% of the 201 workers pre-
sented blood lead levels above the allowed
Maximum Biological Indices (14). The DRT
technicians observed that 18 (81.8%) of the
23 workers of the synterization sector had
plumbemia levels of 60 µg/dL. Several of
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these workers presented continuously high-
blood lead levels, with many recorded val-
ues above 100 µg/dL. The DRT study also
showed that 50% of the 40 samples of lead
concentration in the smelter ambient air,
collected in December 1991, exceeded the
limit of 100 µg/m3 established by the occu-
pational legislation, and the highest level
observed was 162 µg/m3. An inspection per-
formed by the Worker Health Center simi-
larly reported high lead levels in the ambient
air at several sites within the smelter, in
samples collected through the second se-
mester of 1991 (14). The 100 µg/m3 limit
was exceeded in samples collected in the
synterization, oven, oven load, mechanical
operation, and cleaning sectors. The envi-
ronmental waste left by the company in-
cluded about 500,000 tons of residues, con-
taining 2-3% lead, scattered around the area
occupied by the company and around the
city itself. Large waste mounds were placed
directly on the ground under open skies,
threatening the subterranean waters and con-
taminating the Subaé River which crosses
the plant terrain and the urban zone. The city
administration used large amounts of this
waste to pave many of the streets and public
places in Santo Amaro. A thick layer of
residues could be found under the street
stones, often surrounding the pipes of the
domestic water supply system. The many
environmental sanitation works performed
in the city since 1998 contributed to increase
the level of exposure of the population to the
waste material, which was below the pave-
ment, and to raise the blood concentration of
the metal among the children living in the
city (15).

 The present study was approved by the
University Ethics Committee and the indi-
viduals admitted to the study gave written
informed consent to participate. All subjects
were submitted to a clinical-epidemiologi-
cal evaluation including questions related to
potential risk factors for intoxication, com-
plaints related to PNS involvement, and to

neurological clinical examination. After this
initial evaluation, the individuals were sub-
mitted to electromyography and nerve con-
duction studies which measured sensory con-
duction of the median, radial, ulnar, superfi-
cial peroneal and sural nerves, motor con-
duction of the median, radial, ulnar, pero-
neal, and tibial nerves according to estab-
lished methods (16), and SSR of the upper
and lower limbs.

SSR evaluation was performed under
suitable environmental conditions, with sur-
face electrodes placed on the palmar and
plantar regions and reference electrodes
placed on the distal phalanx of the third and
second digits, respectively. A 10-s screen
was used for the lower limbs and a 5-s screen
was used for the upper limbs, with 200-1000
µV sensitivity and filter settings of 0.1 and
20 kHz. Electric stimuli were applied to the
contralateral limb, with an intensity of 100
mA and a duration of 0.2 ms. Five record-
ings were performed for each limb, with a
minimum interval of 30 s between stimuli.
The widest amplitude response and its corre-
sponding latency were used for each limb.
The equipment used was Medelec-Synergy,
London, UK.

Extremity temperatures were maintained
above 32ºC. Electromyographic studies with
needles or other neurophysiologic techniques
were performed when necessary. Criteria of
demyelinating or axonal damage to periph-
eral nerves established in the literature were
employed to evaluate nerve conduction ab-
normalities (17). SSR was considered to be
abnormal when absent or when presenting
an amplitude of less than 0.8 and 0.6 mV for
the upper and lower limbs, respectively, ac-
cording to the first percentile for the control
population for the age range studied, which
consisted of individuals from our labora-
tory.

Data were analyzed with the SPSS soft-
ware, version 6. Frequencies, means and
standard deviations were described. The chi-
square or Fisher exact test, when any of the
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expected values were lower than 5, was used
to evaluate the relationship of possible risk
factors and clinical results with SSR abnor-
malities. The mean amplitudes of SSR for
two groups, with and without a specific di-
chotomous variable, were compared by the
non-parametric Mann-Whitney test.

Results

The sample consisted of 57 men and 3
women aged 34 to 69 years (mean ± SD:
46.8 ± 6.9), 83.3% of them mulattos and
15.5% blacks. None of them had college-
level education, 57.1% had not concluded
elementary education and 7% were illiter-
ate. They all were residents of Santo Amaro
and had worked in the lead smelter plant.
The neurophysiologic evaluation showed the
presence of lumbosacral radiculopathy in 1
of the individuals (1.7%), axonal sensorimo-
tor polyneuropathy in 2 (3.3%), and carpal
tunnel syndrome (CTS) in 6 (10%). SSR was
abnormal or absent in 12 cases, representing
20% of the sample. SSR was abnormal in
only 1 of the 6 CTS cases, being abnormal

also in the lower limbs, and was also abnor-
mal in the 2 cases of polyneuropathy.

Table 1 presents the frequency of poten-
tial risk factors for a more severe lead intoxi-
cation. Most of the individuals lived in places
with unpaved backyards along streets paved
with smelter residues. More than half (53.3%)
reported a history of acute abdominal pain,
which required hospital admission, when
they were working at the plant. A history of
acute palsy of radial and peroneal nerves
was reported by about 16.7 and 8.3% of the
individuals, respectively. None of the pa-
rameters investigated presented a statisti-
cally significant relationship with SSR ab-
normalities.

The main complaint reported, related to
the current clinical situation, was paresthe-
sia (73.3%), followed by weakness (65.0%)
and generalized or limb pain (51.7%) (Table
2). About 45% of the individuals complained
of diaphoresis and 45.6% of the men re-
ported erectile dysfunction. Clinical exami-
nation showed some objective sensory alter-
ation in 48.3% of the individuals, mild limb
muscle subjective feeling of fatigue in 11.7%,

Table 1. Prevalence rate and 95% confidence interval for abnormal sympathetic skin response according to
risk factors for lead exposure/intoxication in 60 lead workers, Santo Amaro da Purificação, BA, Brazil, in 2004.

Risk factor  N (%) Frequency of PR 95% CI P
abnormal SSR

With Without
risk factor risk factor

Unpaved street or backyard 40 (66.7%) 30.0 15.0 2.0 0.6-6.3 0.189a

Paving with smelter waste material 45 (75.0%) 22.2 13.3 1.7 0.4-6.8 0.712a

House constructed with smelter waste material 14 (23.3%) 28.6 17.4 1.6 0.6-4.6 0.448a

Drinks raw milk 30 (50.0%) 16.7 23.3 0.7 0.2-2.0 0.519b

Manipulates or works with bacteria 6 (10.0%) 16.7 20.4 0.8 0.1-5.3 1.000a

Manipulates or works with paints or pigments 12 (20.0%) 25.0 18.8 1.3 0.4-4.2 0.692a

Manipulates or works with ceramics 7 (11.7%) 28.6 18.9 1.5 0.4-5.5 0.619a

Uses hair dyes 5 (8.3%) 20.0 20.0 1.0 0.2-6.2 1.000a

History of acute abdominal pain 32 (53.3%) 21.9 14.8 1.5 0.5-4.5 0.488b

History of acute radial paresis 10 (16.7%) 10.0 20.8 0.5 0.1-3.3 0.669a

History of acute peroneal paresis 5 (8.3%)   0.0 20.4 0.0 0.0-5.5 0.572b

SSR = sympathetic skin response; PR = prevalence ratio; 95% CI = confidence interval at 95%.
None of the parameters investigated presented a statistically significant relationship with SSR abnormalities
(aFisher exact test; bchi-square test).
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and hyporeflex in 18.3%. None of the clini-
cal variables showed strong association with
SSR abnormalities. The mean SSR ampli-
tude was not significantly different when
patients presenting or not the various char-
acteristics observed in the current neurologi-
cal situation were compared, except for dia-
phoresis. In patients reporting this symptom,
mean SSR amplitude in the lower limbs was
1.81 ± 1.35 mV, different from that of indi-
viduals not presenting this characteristic who
had a mean SSR amplitude of 2.63 ± 1.56 (P
= 0.048).

Discussion

The present data showed a moderate fre-
quency of abnormal SSR in former workers
chronically exposed to lead. Although we
had no access to a control group from the
same region and undoubtedly not exposed,
we believe that the abnormalities observed
are compatible with some involvement of
the reflex sympathetic sudomotor pathways.
The control group analyzed consisted of age-
matched normal individuals from our Neu-
rophysiology Laboratory in the Hospital de

Clínicas de Porto Alegre, who were used to
determine the normal values for amplitude
for the first percentile. Using this parameter,
none of the individuals in the control group
presented abnormal SSR, whereas 20% of
the study group had the abnormality. Except
for two patients, who presented neurophysi-
ologic signs of axonal polyneuropathy, sen-
sory and motor nerve conduction was nor-
mal in the study sample, showing that the
SSR afferent pathway, which includes large
fibers, was not affected. Therefore, although
the possibility of a central involvement of
the autonomous nerve system cannot be ex-
cluded, we believe that SSR abnormalities
are more probably due to the involvement of
peripheral nerve unmyelinated fibers.

We observed a high frequency of sen-
sory complaints, such as paresthesias and
limb pain as also reported by Rubens et al.
(3). This fact also supports the possibility of
involvement of PNS unmyelinated fibers in
this population. However, the much higher
frequency of complaints in our sample maybe
partly related to working interests among the
individuals studied. In addition, no associa-
tion between SSR abnormalities and the vari-

Table 2. Prevalence rate and 95% confidence interval for abnormal sympathetic skin response according to
current neurological evaluation in 60 lead workers, Santo Amaro da Purificação, BA, Brazil, in 2004.

Clinical characterisitics  N (%)  Frequency of abnormal SSR PR 95% CI P

With the Without the
characteristic  characteristic

Complaint of generalized or lower limb 39 (65.0%) 20.5 19.0 1.1 0.4-3.2 1.000a

weakness
Complaint of generalized or limb pain 31 (51.7%) 22.6 17.2 1.3 0.5-3.7 0.605b

Complaint of limb paresthesias 44 (73.3%) 22.7 12.5 1.8 0.5-7.4 0.486a

Complaint of diaphoresis 27 (45.0%) 25.9 15.2 1.7 0.6-4.8 0.299b

Complaint of erectile dysfunction 26 (45.6%) 15.4 22.6 0.7 0.2-2.1 0.493b

Sensory alteration in extremities 29 (48.3%) 24.1 16.1 1.5 0.5-4.2 0.438b

(dysesthesia or hypesthesia)
Muscle weakness in lower and/or 7 (11.7%) 14.3 20.8 0.7 0.1-4.5 1.000a

upper limbs
Hyporeflex of lower and/or upper limbs 11 (18.3%) 9.1 22.4 0.4 0.1-2.8 0.435a

SSR = sympathetic skin response; PR = prevalence ratio; 95% CI = confidence interval at 95%.
None of the clinical variables showed strong association with SSR abnormalities (aFisher exact test; bchi-
square test).
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ables related to the clinical situation was
observed. Among individuals complaining
of pain, paresthesia and diaphoresis and with
sensory alterations, the frequency of abnor-
mal SSR was higher, but not statistically
significant. Perhaps these associations could
be established with a larger sample. No rela-
tionship was observed between possible risk
factors for a higher lead exposure and in-
creased frequencies of SSR abnormality. It
is not possible to conclude, therefore, about
any association between higher exposure
and higher PNS involvement. It is not known,
moreover, if these variables present associa-
tions which allow the detection of higher
lead intoxication frequencies in this popula-
tion. On the other hand, among the potential
risk factors investigated, there are indica-
tions that in the past the individuals compos-
ing our sample were exposed to acute lead
intoxication, since a high frequency of acute
abdominal pain and palsy of motor nerves
such as the radial and peroneal nerves were
reported. These findings are compatible with
situations of acute lead intoxication, as re-
ported in the specialized literature (2).

Among the defined neurophysiologic
abnormalities, in the current series two pa-
tients presented axonal sensorimotor poly-

neuropathy and six patients presented CTS.
The patients with polyneuropathy were not
diabetic and the etiology of that complica-
tion was not defined, although moderate
alcohol ingestion on weekends was reported.
It was not possible to establish a relationship
of this complication with chronic lead in-
toxication. Large fiber axonal injury was not
observed in other studies describing PNS
abnormalities related to lead (3). It was not
possible to associate CTS with chronic lead
intoxication, since CTS is a universally preva-
lent disease. The prevalence observed in the
present study (10%), however, was slightly
higher that that generally reported for males
(18).

On the basis of the present results and
literature data, we believe that chronic lead
intoxication induces PNS damage particu-
larly affecting unmyelinated small fibers.
Our results do not represent formal proof,
but the evidence is suggestive. A systematic
study with quantitative histopathologic evalu-
ation to identify lesions in peripheral nerve
small fibers in patients chronically exposed
to lead, as compared to non-exposed control
individuals, is necessary to more precisely
define the role of lead in inducing PNS
injury.
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