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Thyroid function as assessed by routine laboratory tests
of workers with long-term lead exposure
by Matti Tuppurainen, MD,' Gustav Wagar, MD,2 Kari Kurppa, MD,' William Sakari, MD,3
Alexander Wambugu , MD,3 Bertil Froseth , BSc,2 Juha Alho , PhD,' Erkki Nykyri, LSc'
TUPPURAI NEN M, WAGA R G , KURPP A K, SAKARI W, WAMBUGU A, FROSETH B, ALHO J ,
NYKYRI E. Th yroid function as assessed by routine labor atory tests of workers with lon g-term lead exposure. Scand J Work En viron Health 14 (1988) 175-180. Th yroid function was studied in 176 male
workers occup ationally expose d to lead. Th e mean blood lead concentrati on of the workers was 2.70 (SD
LI S, range 0.70-6.45) umol /I , The mean dur ation of lead exposure was 7.6 (range 0.1-20) years. Th e
total thyroxine (T4), free th yroxine (FT4), total triiodothyronine (T3), and th yrotropin concentr ations
in serum were similar in the workers in th e low and high blood lead catego ries. In regression equations
the duration of lead exposure had a weak but significant negative association with T4 and FT4, and this
association was particularly pronoun ced when the analyses were restricted to workers with the most intense lead exposure over time. Thus, the results suggest that thyroid funct ion might be depressed as a
result of intense long-term lead exposur e.
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Lead is the most ubiquitous nonferrous metal used in
industry, and it is a suggested cause o f hypoth yroidism
(7, 9). Decreased iodine intake by the thyroid gland
has been reported in patients with lead poisoning (12).
In a recent study, free thyro xine in seru m correlated
negatively to lead exposure in a gro up of workers of
African origin (11). Such an effect was not seen in Caucasian workers, however. Some evidence based on tests
of the stimulation of thyrotropin-releasing hormone
indicate that lead causes a central depression of the
pituitary-thyroid axis in man (3, 11). Refowitz (10) recently repor ted a study which did not show any significant relationship between thyroid function and the
blood lead (P bB) con centration of exposed workers.
Thi s communication reports the results of a study
on the effects of long-term lead exposu re on thyroid
function in a group of workers exposed in Kenyan lead
indu stries. The results suggest that thyroid function
might be depressed as a result of inten se long-term lead
exposure.

for thyroid indices were collected or declined to participate in the investigation . The age o f the 176 examined workers ranged from 21 to 54 (mean 34.1)
years. The y had been occupationally expo sed to lead
for an average of 7.6 years, the period s of exposure
ran ging from a few months to 20 years (table 1).

Blood and serum samples
The blood and serum samples were taken in 1984 in
a mobile clinic between 0800 and 1800. First the subject's skin was disinfected with Neo-Amisepr" (Farmos Corporation, Turku, Finland); then blood was
dra wn into hepa rinized lead-free test tube s. Three serum sampl es (10 ml each) were taken before the PbB
sample in an effort to avoid lead contamination. The
samples were frozen to - 20°C and kept in dry ice during transportation.
Blood lead assay
The exposure to lead was evaluated from determinations of the PbB concentration, which was measured

Subjects and methods

Subjects
Th e study group was form ed of 202 African male
wor kers in two Kenyan car battery factories and one
secondary lead smeltery. Twenty-six (13 070) of the
workers were either on leave when th e seru m samples
I
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Table 1. Age and lead exposure variables of the workers
(N = 176). (PbS = blood lead , EPP =erythrocyte protoporphyrin)
Variable

Mean

SD

Range

Age (years)
Duratio n of expos ure
(years )
PbS concent ration
(l1mO IlI)
Individual average
PbS concentration
(llmolll)
EPP conce ntration
(llmol/l)

34.1

8.1

21-54

7.6

5.1

0.1-20

2.70

' .15

0.70-6.45

2.73

1.00

1.01-6.47

16.3

5.1

2- 104

175

by electrothermal atomic absorption spectrophotometry (14) at the Institute of Occupational Health in Helsinki.
The analyses were performed on a polarized Zeeman atomic absorption spectrophotometer (Hitachi,
model 7000) equipped with a graphite furnace, an automatic sampling system, and a data processor. The
blood was diluted tenfold with an aqueous solution of
diammonium hydrogen phosphate and Triton-X-100®.
An aliquot of 20 J.l1 was injected into a graphite cup
cuvette. The lead values were obtained from direct
comparisons with matrix-matched working curves on
the data processor.
The within-run precision (coefficient of variation)
of this method, calculated from 10 consecutive measurements in a run, was 0.7 010 at a mean concentration of 0.7 umol/l and 1.5 % at a mean concentration of 3.4 umol/I, The day-to-day precision (coefficient of variation), calculated on the basis of 10 determinations from human blood during two weeks, was
2.8 % at a concentration level of 2.09 umol/l. The a(;curacy of this method in the laboratory is controlled
daily by the Behring Institute with measurements of
two concentration levels of control blood specimens.

Individual average blood lead concentration
The cross-sectional PbB concentration reflects the intensity of relatively recent exposure. Most of the workers, however, had been exposed to lead for years.
Therefore, for each worker, we also calculated a variable that was taken as a proxy for the typical intensity of past lead exposure by averaging the PbB concentrations measured in periodic medical examinations
over the years. The PbB level of the workers had been
followed between 1978 and 1984 by determinations
performed by the National Occupational Hygiene Services Ltd, Manchester, England . The average PbB level in these measurements (with generally five PbB
measurements available for each worker) was 2.73
(range 1.01-6.47) umol/I , The average PbB concentration was used as an explanatory variable in some
of the statistical analyses .

Erythrocyte protoporphyrin concentration
The zinc protoporphyrin concentrations were measured
from a drop of blood with an Environmental Science
Associates hernatofluorometer calibrated to determine

total erythrocyte protoporphyrin (EPP) in whole blood
(4).
The reliability of the instrument was daily controlled
with three checker slides of fluorescent material. The
coefficient of variation calculated from three parallel
measurements was 5 % at the concentration level of
0.5 umol/l and 3 % at the concentration level of 1.2
J.lmol/1.

Thyroid function
The thyroid function was assessed with commercial
routine tests for the serum concentrations of the following hormones: total thyroxine (T4) by radioimmunoassay (Amerlex'", Amersham International,
Amersham, United Kingdom), free thyroxine (FT4)
(Amerlex'", Amersham, UK), and total triiodothyronine (T3) (Amerlex'", Amersham, UK). Thyroidstimulating hormone (TSH), ie, thyrotropin, was measured in serum by the radioimmunoassay method
(Phadebas'", Pharmacia Diagnostics, Uppsala, Sweden).

Statistical methods
The statistical comparisons were made by Student's
two-sided t-test and an analysis of variance. The relations between the thyroid hormones and the PbB concentration, the individual average PbB concentration,
the EPP level, age, and the duration of exposure were
studied with the use of multiple linear regression
methods (I). Standard collinearity diagnostics were
performed according to Weisberg (16).

Results

The mean PbB value of 2.70 (SD 1.15, range 0.706.45) urnol/l for the cohort in 1984 was used as a cutoff
point between less intense and more intense exposure.
Table 2 shows that the thyroid indices were similar in
both of the PbB categories.
Figure I shows FT4 in serum as a function of the
PbB concentration. Visual scrutiny of the scatter plot
does not reveal any clear relationship between FT4 and
PbB, and the correlation (r) of these two factors was
negligible (N = 176, r = 0.026).
Table 3 gives the correlations of measures of thyroid
function with the age and lead exposure variables .

Table 2. Means and standard deviations of the measures of thyroid function by the categories of blood lead (PbS) concentration . (T4 = total thyroxine, FT4 = free thyroxine , T3 = triiodothyronine, TSH = thyroid-stimulating hormone, ie, thyrotropin)
PbS:s2.70 urnol/l
(N =93)

All exposed
(N=176)

PbB >2.70 umolil
(N=83)

Measure of
thyroid
function

Mean

SO

Mean

SO

Mean

SO

Serum T4 concentration (nmolll)
Serum FT4 concentration (pmolll)
Serum T3 concentrat ion (nmolll)
Serum TSH concentration (mUll)

99.9
26_6
1.9
2.7

18.9
6.6
0.4
1.7

99.2
27.1
1.9
2.6

19.0
7.4
0.4
1.6

100.8
26.1
1.9
2.8

18.9
5.6
0.4
1.9
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Figure I. Relationship between the free
thyroxine (FT4) concentration in serum and
Pb l8
the blood lead concentration (PbS)(N = 176,
(umot/l) r = 0.026).

Table 3. Correlation between the measures of thyroid function and age, the blood lead (PbS) concentration, the erythrocyte
protoporphyrin (EPP) concentration, the individual average PbS concentration, and the duration of exposure of the workers
(N = 176). (T4 = total thyroxine, FT4 = free thyroxine, T3 = triiodothyronine, TSH = thyroid-stimulating hormone, ie, thyrotropin)
Measure of
thyroid
function
Serum T4 concentration
(nmol/I)
Serum FT4 concentration
(pmol/I)
Serum T3 concentration
(nmolfl)
Serum TSH concentration
(mUll)

Age
(years)

PbS
concentration
(urnolrl)

- 0.117

0.189

- 0.178*

0.026

-0.030
0.106

EPP
concentration
(llmolfl)

0.229** *

Ind ividual
average PbS
concentration
(llmol/I)

Duration of
exposure
(years)

0.086

-0.242"

-0.018

-0.041

-0.266"

0.044

-0.027

0.010

-0.113

- 0.058

-0.039

-0.066

0.051

* P=0.018, * * P=0.OO1, *** P=0.002

None of the thyroid measures showed a statistically
significant correlation with the PbB concentration.
Similar calculations were made for the thyroid indices
and the EPP concentration with generally similar
negative outcomes, although a weak, statistically significant positive correlation was found between the
serum T4 concentration and the EPP concentration
(r = 0.229, P = 0.002).
The effect of the duration of lead exposure was investigated separately. The scatter plot in figure 2 shows
the serum FT4 level as a function of the duration of
lead exposure. The weak negati ve relationships between the FT4 concentration and the duration of exposure (N = 172, r = - 0.266) and the T4 concentration
and the duration of exposure (N=l72, r= -0.242)
were statistically significant (table 3). Age also showed
a weak negative correlation with the FT4 (r= -0.178,
P=0.02) and T4 (r= -0.117) levels.
Table 4 shows the means of the thyroid function
measures stratified by length and intensity of lead exposure. In the group of workers exposed for more than
10 years the serum concentrations ofT4 and FT4 were

significantly lower in the workers with an individual
average PbB level over the mean (P = 0.011 and
P< 0.001, respectively).
When the analysis was restricted to the group with
individual average PbB levels over the mean (figure 3),
a statistically significant negative relationship was
found between the FT4 level and the duration of exposure (N=76, r= -0.577, P<O.OOl) . Similar relationships existed also between the duration of lead exposure and the serum concentrations of T4 (N = 76,
r= -0.459, P<O.OOI) and T3 (N=76, r= -0.272,
P = 0.02) when only workers with an individual average PbB level above the group mean were considered.
Variations in the serum T4 and serum FT4 levels
were studied with multiple regression methods with
age, the PbB level, the individual average PbB level,
and the duration of lead exposure as covariates.
In the regression analyses of the whole study group
the duration of exposure showed weak but significant
negative associations with the T4 and FT4 levels.
Regression models which included only the duration
of exposure as a variable yielded the following equa177
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Figu re 2. Relati onsh ip betwee n
th e free th yroxine (FT4) in serum
and the durati on of lead exposure
(N = 176, r = - 0.266, P<0.001).

Table 4. Means and stan dard devi at ions of the measures of thyroid fu nction st rati f ied by int ens it y and leng th of lead exposure .
(PbB = blood lead, T4 = to tal t hyro xine , FT4 = free thyroxine , T3 = triiodothyronin e, TSH = thyroi d-sti mula ting horm on e, ie,
thyrot rop in)
Ind ividual average
PbB :s2.73 Ilmol/l
and dura tio n
s 10 years
(N = 74)

Measure
of
th yro id
function

Serum T4 co nce ntr atio n
(nmollf)
Serum FT4 concentration
(pmol/l)
Serum T3 concent rat io n
(nmo llf)
Serum TSH co ncentration
(mUll)
, P =0.011 , "

FT4
(pmolll)

Individual average
PbB >2.73 Ilmol/l
and dur ation
:s 10 years
(N =53)

Ind ividual average
PbB :s2.73 Ilmol/l
and duration
> 10 years
(N= 25)

Ind ividual average
PbB >2.73 urnol rl
and durat ion
> 10 years
(N= 23)

Mean

SO

Mean

SO

Mean

SO

Mean

SO

100.2

21.1

105.4

15.4

95.3

17.0

91.1

17.7'

27.3

7.5

27.8

5.0

26.7

7.1

21.4

4.0"

1.9

0.5

1.9

0.4

1.9

0.3

1.7

0.3

2.5

1.6

2.6

1.8

3.2

1.8

2.7

1.8

P<0.001.
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Figure 3. Free t hyroxine (FT4) in serum as
a function of the durat ion of lead exposure
in the group of wor kers wit h an ind ividual
average blood lead level over th e group
mean (N = 76, r = -0.577, P< 0.001).

Table 5. Correlations between age, the duration of exposure, the blood lead (PbS) concentration, the individual average PbS
concentration, and the erythrocyte protoporphyrin (EPP) concentration.
Age
(years)
Age (years)
Duration of exposure (years)
PbS concentration (urnol/l)
Individual average PbS
concentration (urnolrl)
EPP concentration (I-.lmolll)

1.000

Duration
of exposure
(years)

PbS
concentration
bimol/I)

Individual
average PbS
concentration
(urnolrt]

EPP
concentration
bimol/I)

0.623"
1.000

-0.204
-0.021
1.000

-0.140
0.066
0.922"

-0.167
0.020
0.748"

1.000

0.634"
1.000

" P <O.OO1.

tions (standard errors of coefficients in parentheses):
T4= 105.7 -0.90 x (duration of exposure)
(2.6) (0.28)
(N= 172, R'=0.059, P=0.002)

and
FT4=29.4-0.37 x (duration of exposure)
(0.9) (0.10)
(N=I72, R' =0.071, P<O.ool)

Insertion of the current PbB level, the EPP level,
or age into the equation did not improve the model.
When both duration of exposure and age were inserted as explanatory variables into the regression models,
they explained 6.2 % (R' = 0.062) of the variability in
the T4 levels and 7.2 % (R' = 0.072) of the variability
in the FT4 levels. The partial correlation between the
T4 concentration and age adjusted for the duration of
exposure was 0.061, and that between the T4 concentration and the duration of exposure adjusted for age
was -0.228. The partial correlation between the FT4
concentration and age adjusted for the duration of exposure was - 0.028, and between FT4 and the duration of exposure adjusted for age it was -0.195.
Use of the individual average PbB level as the sole
explanatory variable in the model indicated no relationship (T4: N= 172, R'=0.007, P=0.31 and FT4:
N= 172, R'=0.002, P=0.58).
The effect of lead on the FT4 and T4 concentrations
seemed to be' the most pronounced in the group of
workers with the longest and most intense lead exposure (table 4). Restriction of the regression analyses
to the group of workers with an individual average exposure over the group mean showed a rather strong
association between the duration of exposure and the
T4 (N=75, R'=0.21, P<O.OOI) and FT4 (N=75,
R' = 0.33, P < 0.001) concentrations. In this group the
T3 level also showed a weak negative association with
the duration of exposure (N =75, R' =0.07, P =0.02).
As for the TSH level, the regression analyses did not
reveal a statistically significant correlation between the
hormone concentration and the PbB level, the individual average PbB level, the EPP level, or the duration of exposure.

The correlations between age and the duration of
exposure (r = 0.623), the PbB and individual average
PbB levels(r = 0.922), as well as the EPP and PbB concentrations (r = 0.748), and EPP and individual average PbB levels (r = 0.634) were statistically significant
(P <0.001). The duration of exposure was not statistically significantly associated with the PbB level or the
individual average PbB level (table 5).
The standard collinearity diagnostics for age and the
duration of exposure showed only moderate values
(r' = 0.4, condition number based on the correlation
matrix k = 4.3, variance inflation factor = 1.6).

Discussion

The main observation of this study was that the duration of lead exposure correlated negatively with the serum levels of FT4 and T4. This correlation was rather
strong in the group of workers with the highest exposure intensity over time. In our study the current
PbB level as a point estimate of exposure was not associated with the T4, FT4, T3, or TSH concentrations
in serum. This result varies with that of Robins et al
(11), who found a significant negative correlation between the estimated FT4 index (calculated from T4 and
the thyroxine binding capacity) and current PbB levels in a subgroup of workers of African origin.
Refowitz (10) did not find a significant association between the FT4 index (T4 x T3 resin uptake) and the
current PbB concentration .
We observed a statistically significant negative correlation between the serum concentration of FT4 and the
duration of exposure, particularly in the group of
workers with the highest exposure intensity over time.
Thus our findings support the view that long-term, intense exposure to lead might be associated with
depressed thyroid function.
The observation that the duration of lead exposure
at work was negatively correlated with the FT4 and
T4 concentrations has not been previously reported.
Duration of exposure and age were correlated covariates. Therefore, age must be considered as a potential
confounding factor. There are reports (5, 17) show179

ing a decrease in T4 and T31evels and their corresponding free hormone indices in a group of aging men
(30-96 years). On the other hand, most studies have
not revealed any significant decrease in serum T4 with
age (6, 8, 13). Controlling for age in the multiple
regression analyses did not affect the relationship between duration of lead exposure and FT4 or T41evel
in the present study. Furthermore, all the workers were
relatively young (under 55 years of age). Statistical
analyses indicated that collinearity between age and
duration of exposure cannot be expected to be a
problem with respect to the present data.
Therefore it is possible that intense and long-term
lead exposure may in time depress thyroid function
through some mechanism(s). The possible mechanism(s) of the long-term lead exposure effect would be
(i) a direct effect of lead on the thyroid, the result being a primary depression in thyroid gland function; (ii)
an effect on the hypothalamopituitary level, the result
being secondary thyroid effect; or (iii) an effect on. the
peripheral turnover of thyroid hormones.
If the mechanism were mild subclinical primary
hypothyroidism, one would expect a reciprocal rise in
the TSH levels. Such a correlation between the T4 or
FT4 and TSH concentrations was not observed, not
even in the group exposed long-term.
Neither do we have any positive evidence for an effect through the hypothalamopituitary axis. On the
other hand, we cannot rule out such a mechanism as,
unfortunately, the TSH concentrations were determined by a method with a detection limit of 0.8 mUll.
Thus low TSH values which would fit this mechanism could not be detected.
The possibility of a peripheral effect by lead exposure such as the so-called sick euthyroid syndrome,
as suggested earlier (2, 15), does not seem plausible
because a greater lowering effect would then be expected for the T3 level than for the T4 and FT4levels. Furthermore, the study group consisted of healthy workers, not of sick patients.
In summary, contrary to some earlier reports, the
current PbB (or EPP) level was not associated with
the results of routine laboratory tests of thyroid function. However, a weak but statistically significant negative association was observed between the duration of
exposure to lead and the T4 and FT4 concentrations.
The association was particularly pronounced when the
analysis was restricted to workers with the highest exposure intensity over time. This observation suggests
that thyroid function might suffer as a result of intense long-term lead exposure.
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