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Blood lead concentration, blood pressure, and
renal function
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Abstract

Blood lead concentrations were related to blood pressure
and indicators of renal function in a clinical survey of
7735 middle aged men from 24 British towns. There
was no overali evidence that blood lead concentrations
were associated with systolic or diastolic blood pressure
(r= +003 and +0 01, respectively). In the 74 men with
a blood lead concentration of 1-8 ,tmol/l (37-3 ,ug/100 ml)
or more there was some suggestion of increased hyper-
tension, but this did not reach significance. Blood lead
concentration did not have any relation with serum
creatinine concentration. Moderate increases in blood
lead concentration were associated with small increases
in mean serum urate concentration and small decreases
in mean serum urea concentration; these associations
were both reduced when alcohol consumption was
taken into account.
There is no indication that exposure to lead at con-

centrations commonly encountered in British men is
responsible for impaired renal function or increased
blood pressure.

Introduction

Considerable public concern has been shown about the effects
on health of exposure to lead both in adults and in children.
In response to reports that moderate increases in blood lead
concentration are associated with hypertension and impaired
renal functionl-3 we present findings from a clinical survey of
British middle aged men, relating measurements of blood lead
concentration to blood pressure and serum creatinine, urate,
and urea concentrations.

Patients and methods

The Regional Heart Study recruited 7735 men aged 40 to 59 who
were randomly selected from representative general practices in 24
British towns. Details of the selection of towns and general practices
and the methods of screening and data collection have been reported.4
Each man's blood pressure was measured twice in succession with the
London School of Hygiene sphygmomanometer, with the subject
seated and his arm supported on a cushion. Diastolic blood pressure
was recorded at disappearance of sounds (phase V). The mean of
two readings of blood pressure was adjusted for observer variation
within each town to allow for any inconsistencies among the three
observers.
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Blood samples for biochemical analysis and haematological studies
were taken into evacuated tubes. All samples reached the Wolfson
Research Laboratories, Birmingham, by the next morning, and
estimations were completed by noon. Serum concentrations of creati-
nine, urate, and urea were measured on a Technicon SMA 12/60
analyser. Blood lead concentrations were analysed at the University
of Southampton with flame microsampling atomic absorption
spectroscopy.5 A strict quality control protocol was maintained and
the performance of the laboratory was continually monitored by
participation in national and international quality assessment schemes
for analysis of blood lead concentration.

Alcohol consumption was recorded using questions on frequency,
quantity, and type similar to those in the General Household Survey.6
A drink was defined as half a pint of beer, one glass of wine, or a
single tot of spirits. For data analysis, eight drinking categories were
used: non-drinkers, occasional drinkers, weekend drinkers (one or
two, three to six, or more than six drinks a day) and daily drinkers
(one or two, three to six, or more than six drinks a day).

Results

BLOOD LEAD CONCENTRATION AND BLOOD PRESSURE

Blood pressure and blood lead concentrations were both measured
in 7371 men (95% of men screened). The correlation coefficients of
blood lead with systolic and diastolic blood pressure were r= +0 03
and r= +0 01 respectively. The association with systolic blood
pressure, although close to zero correlation, was significant at the
1% level. In large scale surveys, however, it is the magnitude of an
association, not its significance, that is biologically important.

Figure 1 shows the mean and 95% confidence limits for systolic
blood pressure for men categorised according to blood lead con-
centrations. There was no indication of higher systolic blood pressure
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FIG 1-Systolic blood pressure for 7371 middle aged men categorised
according to blood lead concentration. # Represents unadjusted mean and
95% confidence limits. * Represents mean adjusted for age, town, body
mass, alcohol consumption, social class, and observer.

Conversion: SI to traditional units-Lead: 1 tLmol/l -20-7 lAg/100 ml.
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in men with higher blood lead concentrations. Age, town, body mass
index, alcohol consumption, social class, and observer have all
previously been shown to be associated with systolic blood pressure.'
Figure 1 also shows the mean systolic blood pressure by blood lead
concentration, after adjustment for these other factors using analysis
of covariance. Again, there was no evidence of any association between
blood lead concentration and systolic blood pressure.
To examine the prevalence of hypertension in relation to blood

lead concentration figure 1 also shows the proportion of men with
systolic blood pressure over 160 mm Hg for each blood lead con-
centration. There was no significant trend in these proportions,
though, of the small group of men with a blood lead concentration
of 1 8,mol/l (37 3 ,ug/100 ml) or more, 22 (300o) had hypertension
compared with 1559 (21 %O) of all the other men (p=008). Findings
for diastolic hypertension (>100 mm Hg) followed a similar pattern.
There was an increase in diastolic hypertension in the small group
of men with a blood lead concentration of 1-8 ,umol/l (37-3 ptg/100 ml)
or more-that is, 11 (1500) had hypertension compared with 648
(9%) of all the other men. This difference, however, was only mar-
ginally significant (p=0 07) and there was no evidence of a trend at
blood lead concentrations below 1 8 limol/l (37 3 ,ug/100 ml).
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FIG 2-Serum urea and urate concentrations for 7364 men

categorised according to blood lead concentration. {Represents
unadjusted mean and 950%o confidence limits. *Represents mean
adjusted for alcohol consumption.

Conversion: SI to traditional units-Lead: 1 tLmol/l 20 7 ,g/
100 ml. Urea: 1 mmol/1_6 jogIlOO ml. Urate: 1 tsmol/lI 16-8 ,g/
100 ml.

BLOOD LEAD CONCENTRATION AND RENAL FUNCTION

Three indicators of renal function (serum concentrations of creati-
nine, urate, and urea) were measured in 7364 men for whom data on
blood lead concentrations were also available (95% of men screened).
As creatinine and urea concentrations both had highly skew distri-
butions log transformations were used, in statistical analysis. The
correlation coefficients for blood lead concentration with creatinine,
urate, and urea concentrations were 0 00, +0 10, and -0 08 respec-
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tively, the associations with urate and urea being highly significant
(p<0-001). Once again, however, it should be noted that, despite
the levels of significance, the magnitude of each correlation was
small and unlikely to be of biological importance.

Figure 2 shows means and 9500 confidence intervals for serum
urate and urea concentrations for men categorised according to blood
lead concentration. Except for the small groups of men with a blood
lead concentration of 1 8 Mmol/l (373 ,ug/100 ml) or more there were
consistent trends with blood lead concentration, decreasing for urea
and increasing for urate concentrations. Alcohol consumption has
previously been shown to be associated with increasing serum urate
concentration and decreasing serum urea concentration. In this
previous report, heavy drinkers-for example, those drinking more
than three pints of beer daily-had a 13/0 increase in mean serum
urate concentration and a 90° decrease in mean serum urea concentra-
tion compared with occasional drinkers. Also, as previously reported,
heavy drinkers had a 30°0 increase in mean blood lead concentration.8
Thus alcohol consumption must be taken into account when associa-
tions between urea, urate, and blood lead concentrations are studied.
Accordingly, figure 2 also shows the means for serum urate and urea
concentrations adjusted for alcohol consumption using analysis of
covariance. The trends with blood lead concentration are weakened
but not eliminated after allowance for alcohol consumption. The
partial correlation of blood lead concentration with serum urate
concentration was reduced from +010 to +0-06. For serum urea
concentration the correlation changed from -008 to -0-05 after
allowing for alcohol consumption.

Discussion

BLOOD LEAD CONCENTRATION AND BLOOD PRESSURE

In this large representative sample of British middle aged
men there was no overall evidence that moderate increases in
blood lead concentration were associated with increased blood
pressure. This finding contradicts a previous case-control study
done in Glasgow.' In that study 135 subjects with hypertension
were each paired with a normotensive subject matched for age
and sex. In a paired analysis of blood lead concentrations
significantly more of the men with hypertension had increased
blood lead concentrations than did the men with normal blood
pressure and there was a similar but non-significant trend in
women with hypertension. These findings were the basis for a
conclusion that high blood pressure is associated with high
blood concentrations of lead and that this might explain the
high prevalence of cardiovascular disease in the west of
Scotland. The possible bias in such case-control studies must,
however, be considered. For instance, the important influences
of alcohol consumption and cigarette smoking on blood lead
concentration were not known at the time of the Glasgow
study and thus were not taken into account. The higher blood
lead concentrations in some patients with hypertension may
therefore have been due to their high intake of alcohol rather
than any causal influence of lead on blood pressure. Another
possible explanation is that blood lead concentrations were
higher in the Glasgow study largely because of plumbosolvent
water supplies, and any potential effect of raised blood lead
concentration on blood pressure may have been present only
above certain critical limits such as 1-8 ,tmol/l (37'3 ,tg/100 ml).
This would be consistent with no association being found
in a similar case-control study in Birmingham, in which blood
lead concentrations tended to be lower.' There is a weak
suggestion from the data of the Regional Heart Study that
subjects with blood lead concentrations of 1-8 pVmol/l (37 3 ,ug/
100 ml) or more may suffer more often from hypertension. As
only 74 men (1%) had blood lead concentrations of 1-8 ,tmol/l
(37 3 FLg/100 ml) or more it seems reasonable to conclude that
exposure to lead makes a negligible contribution to high blood
pressure in the general male population of Great Britain.

BLOOD LEAD CONCENTRATION AND RENAL FUNCTION

The association between b1ood lead concentration and three
indicators of renal function (serum concentrations of creatinine,
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urate, and urea) was examined in 7364 middle aged British
men. After allowing for the influence of alcohol consumption
on serum biochemistry there was no substantial association of
increased blood lead concentration with renal function. There
was a weak positive trend towards increased serum urate
concentration at high blood lead concentration and a reverse
trend for serum urea concentration. These findings differ from
those of a previous study carried out in Scotland on people
selected because their homes were thought to have lead pipes
or storage tanks.3 In that study raised blood lead concentration
was associated with raised serum urea and urate concentrations
and excessive lead in domestic water supplies was considered
to have a harmful effect on the community's health. A review
paper then questioned their use of arbitrary cut off points
for serum urate and urea concentrations, particularly in an
elderly population.9 In addition this case-control study took
no account of alcohol consumption, which is now known to
have a considerable effect on both blood lead concentration
and indicators of renal function.

Several studies have reported that occupational lead poisoning
can result in severe renal impairment. For instance, an investi-
gation of renal function was carried out in 102 Rumanian
patients with lead poisoning attributed to occupational exposure
who had a mean blood lead concentration of 4 Mumol/l (83 ,ug/
100 ml)."0 Seventeen patients had chronic nephropathy,
mostly after more than 10 years of exposure to lead. Thirteen
of these patients had also developed hypertension. Studies
such as this have stimulated inquiry into whether more moder-
ate exposure to lead in the general population could affect renal
function or blood pressure.

It has been suggested that, in areas where occupational lead
nephropathy is common, patients seen at the stage of hyper-
tension or chronic renal impairment typically have normal
blood lead concentrations; their lead overload is shown only

by bone biopsy or an edetic acid excretion test. Thus the
possibility that exposure to lead earlier in life might account
for subsequent hypertension or renal disease cannot be excluded.
Our cross sectional study, however, using current blood lead
concentrations, has not shown any evidence that recent ex-
posure to lead at concentrations commonly experienced by
British men is responsible for increases in blood pressure or
impaired renal function.

The British Regional Heart Study is supported by a programme
grant from the Medical Research Council. Biochemical estimations
were carried out at the Wolfson Research Laboratories under a
programme supported by the Department of Health and Social
Security. Blood lead concentrations were estimated in the department
of chemical pathology and human metabolism, University of
Southampton (Professor B Clayton), supported by the DHSS.
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Cardiac arrhythmias during rewarming of patients with
accidental hypothermia

ANDREW C RANKIN, ALAN P RAE

Abstract

Accidental hypothermia has a high mortality and is
associated with cardiac arrhythmias. To determine the
incidence of arrhythmias and their importance 22
patients with accidental hypothermia (core temperature
<35°C) were studied by 12 lead electrocardiography and
continuous recording of cardiac rhythm. Although
14 of the patients died (64%), only six died while hypo-
thermic. Prolongation of theQ-T interval and the pre-
sence of J waves were related to the severity of the
hypothermia. Supraventricular arrhythmias, including
atrial fibrillation, were common (nine cases) and benign.
Ventricular extrasystoles were also common (10 cases),
but ventricular tachycardia or fibrillation did not occur
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during rewarming. In eight patients who died while
being monitored the terminal rhythm was asystole.
There was no correlation between the severity of hypo-
thermia or the rate of rewarming and the clinical
outcome.
In the absence of malignant arrhythmias there is no

indication for using prophylactic antiarrhythmic treat-
ment in patients with accidental hypothermia. The
presence or absence of severe underlying disease is the
main determinant of prognosis.

Introduction

Accidental hypothermia is a common reason for admission to
hospital during the winter1 2and has a high mortality, especially
in the elderly.3 ' The condition is associated with life threatening
arrhythmias, in particular ventricular fibrillation, and there
have been several reports of prolonged but successful resuscita-
tion in such patients.5-9 Our aim was therefore to record
continuously the cardiac rhythm of hypothermic patients
during rewarming in order to discover the incidence of arrhyth-
mias and whether they contribute to the mortality.
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