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Abstract
A significant association of office diastolic blood pressure with low-level blood lead exposure was reported in a Brazilian
adult population. However, caution should be taken to interpret these results. The multivariable-adjusted association with
blood pressure was positive for diastolic blood pressure, but inverse for systolic blood pressure. The association sizes were
infinitesimal without clinical relevance. The outcome measures, i.e. blood pressure and the prevalence of hypertension were
analysed across categories of the blood lead distribution – not in relation to blood lead as continuous variable. Blood
pressure was the average of two oscillometric office readings, whereas ambulatory monitoring is the state-of-the-art.
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Dear Editor
We read with great interest the article on the association of
blood pressure with blood lead in a Brazilian urban population sample [1]. The title of Table 3 in this article is
ambiguous, because a cross-sectional study cannot detect a
change in blood pressure, but only a difference associated
with the blood lead level. The outcome variables, i.e. blood
pressure and the prevalence of hypertension were evaluated
across quartiles of the blood lead distribution or by contrasting people below the 10th and above the 90th of blood
lead. Whether analyses relating blood pressure to blood
lead as a continuous variable substantiated the categorical
results was not reported. The association sizes between
blood pressure and blood lead as reported in Table 3 were
infinitesimal and inconsistent with an inverse association
for systolic blood pressure and a positive association for
diastolic blood pressure. We believe that the blood pressure
estimates reported in Table 3 express the association for a
1-unit increase in the logarithmically transformed blood
lead within each quartile, i.e. a 10-fold increase on the
arithmetic scale. Moreover, the authors analysed blood
pressure as the logarithmically transformed value of the
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inverse distribution, i.e. log10 (1/blood pressure). This might
explain the small effect sizes. Assuming that this is correct,
the true association size for diastolic blood pressure in
quartile 4 of blood lead is probably 0.85 mmHg (95% confidence interval, 0.81–0.91) instead of 0.07 mmHg (0.04–
0.09) for model 1 and 0.87 mmHg (0.81–0.91) instead of
0.06 mmHg (0.04–0.09) for model 2. The title of Table 4
reads “OR (95% CI) of hypertension by blood lead quartiles
(μg/dL)”, but Table 4 also includes the odds ratios contrasting the top vs. the lowest tenth of the blood lead distribution. Remarkably, the odds ratios across quartiles of blood
lead reveal a curvilinear association showing lower risk of
hypertension in the medium-low and medium-high quartiles and higher risk in the top quartile compared with the
bottom quartile [1]. This observation again highlights the
necessity to analyse blood lead as a continuous exposure
variable and to explore whether a linear model is
appropriate.
We recently reported on the association of blood pressure with blood lead in 236 newly employed men (mean
age, 28.6 years) without previous lead exposure not treated
for hypertension [2]. The geometric mean of blood lead
was 4.5 μg/dL. In multivariable-adjusted analyses, office
systolic blood pressure and the awake and asleep ambulatory blood pressures were not associated with blood lead.
For a 2-fold increase in blood lead, the association size of
office diastolic blood pressure was 0.87 mmHg (0.03–1.72).
The prevalence of the white-coat effect was 19.1%. When
corrected for the white-coat effect, the associations between
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office diastolic blood pressure and blood lead lost
significance.
In conclusion, we are looking forward to reading the reply
of our Brazilian colleagues on our comments. In addition,
we feel that future studies on the association between blood
pressure and blood lead should account for out-of-the-office
blood pressure, preferentially measured by ambulatory monitoring as recommended in all current guidelines [3–7] for
the diagnosis and management of hypertension, including
the Brazilian guideline [7].
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Abstract
Background
We would like to thank Drs. Yang and Staessen for their
insight on our article entitled “Association between blood
lead and blood pressure: a population-based study in Brazilian adults”. We previously reported that low blood lead
levels (BLL) were associated with diastolic blood pressure
and with the odds for hypertension.
Comments
In response, we clarify the epidemiological relevance, as
well as the strength and consistency of the findings presented in our original manuscript. In addition, we provide
further details on the soundness of the statistical procedures described in the original article.
Conclusion
The re-analysis corroborates the original findings
and their epidemiological relevance.
Keywords
Blood lead, Blood pressure, Hypertension, Populationbased

Background
In the study entitled “Association between blood lead
and blood pressure: a population-based study in
Brazilian adults” [1], we evaluated a randomly selected
urban population. We found a positive association between blood lead and diastolic blood pressure, and with
the odds for hypertension. After considering the comments raised by Drs. Yang and Staessen, we justify the
epidemiological relevance, the strength and consistency
with our findings, in addition to providing additional
details on the soundness of the statistical procedures.
Comments
We would like to thank Drs. Yang and Staessen for
their comments made in relation to our article on the
association of blood pressure with blood lead [1], and
we appreciate the opportunity to answer to the issues
raised in their letter.
The decision to present the relationship of the outcome variables (blood pressure and prevalence of hypertension) across quartiles of blood lead or by comparing
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the low with the higher percentiles was undertaken to
enable a flexible evaluation of the dose-response relationship based on categories that are properly distributed according to values found in the studied population
itself, in order to test the observed differences. This is a
common method in environmental epidemiology and is
often found in those studies that have included blood
lead levels to test for associations between blood lead
and blood pressure outcomes [8–10].
Drs. Yang and Staessen’s comments on our statistical
analysis seem to be based on the understanding that we
used an inverse log scale, which is not the case. We
present a detailed description of the analyses we have
performed.
For systolic blood pressure, the best transformation to
approximate normality was an inverse transformation
(i.e. 1/(systolic blood pressure)) and the results are
shown in Table 3 of the original manuscript. For systolic
blood pressure the residuals with a log-transformation
would statistically significant different from normal (pvalue with the Shapiro-Wilk test < 0.001), while with the
inverse transformation the residuals would no longer be
different from the normal distribution (p-value 0.822).
For diastolic blood pressure the best transformation to
approximate normality was a log transformation (pvalue = 0.637 with the Shapiro-Wilk test).
The mean difference for inverse blood pressure levels
across blood lead quartiles is 0.0000 (reference), −
0.0002034, − 0.0002281 and − 0.0003540 for lead quartiles 1, 2, 3 and 4, respectively. In the original scale, systolic blood pressure levels varied between 91 and
231 mmHg. After the inverse transformation, the transformed data varied between 0.010989 (1/91) and
0.004329 (1/231), implying that lower values in the
transformed scale are equivalent to higher values in the
original scale. For the parameters estimates of the blood
lead quartiles, the lowest is for quartile 4, “-0.0003540”,
implying that higher levels of lead are associated with
higher systolic blood pressure.
The mean difference in diastolic blood pressure in logunits was 0.000 (reference), 0.0390886, 0.0383756, and
0.071560 for lead quartiles 1, 2, 3 and 4, respectively. In
the original scale, diastolic blood pressure varied
between 51.5 and 125.5 mmHg. Using the log transformation, the transformed data varied between 3.49 (log
(51.5)) and 4.83 (log (125.5)). For the parameters estimates of the blood lead quartiles, the higher parameter
is for quartile 4, “0.0715607”, implying that higher levels
of blood lead are associated with higher diastolic blood
pressure. For an easier interpretation we recommend to
exponentiate the coefficients, which for quartile 4 would
correspond to 1.074. This effect estimate now represents
a ratio of the geometric mean comparing quartile 4 to 1,
and can also be interpreted as diastolic blood pressure
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levels being 7.4% higher for participants in the 4 to 1
quartile of blood lead levels. All analyses were carefully
redone and confirmed.
With regard to the comment on the size of the results
observed in the multivariable adjusted analysis, we
believe that the difference in diastolic blood pressure
found in individuals with higher blood lead levels is not
unexpected in populations with the blood lead levels
found in this population. We noted that the magnitude
of the results we found is small and is below the levels
of blood pressure that have clinical relevance. However,
from a population perspective, we consider that a shift
in the distribution of a continuous variable, such as
blood pressure, can in fact result in increased risks of
chronic diseases, including cardiovascular outcomes
among those persons whose blood pressures are at the
higher end of the scale. This has been demonstrated for
the effects of lead on children’s neurocognitive performance and in studies of lead and blood pressure and lead
and stroke [8, 11, 12]. We understand that knowledge
about all factors potentially related to the increase of the
frequency of certain diseases, even those with small
effects, is of great importance. This applies specifically
to diseases such as hypertension, for which the etiology
can include exposures to multiple risk factors that may
act independently or in an additive or synergistic
manner.
Regarding the title attributed to Table 3, we agree that
it is more appropriate to characterize it as “difference”
rather than “change”.
Regarding the blood pressure measurement, we are
aware that ambulatory monitoring provides a better
assessment on blood pressure levels, including the reduction of the white coat effect [13]. In our study, blood
pressure measurements were taken in accordance with
the VI Brazilian Guidelines on Hypertension, with a
proper equipment (Omron HEM 742), and at least three
measurements were obtained [14]. Furthermore, the
classification of hypertension followed the same cutoff
values extant at the time (systolic blood pressure of
140 mmHg or higher, diastolic blood pressure of
90 mmHg or higher, or use of antihypertensive medication), used in most of the studies broadly published in
the literature [9, 15–17].
We agree with the importance of the results
recently reported by Yang et al., in which the correction for the “white-coat effect” resulted in loss of statistical significance in the association between blood
lead and office diastolic blood pressure [2]. We did
not consider this the “white-coat effect” in our analysis. Our study included several adjustment variables,
related to sociodemographic, clinic and health characteristics, obtained from a census based randomized
selection of Brazilian adults.
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Conclusion
Taken together, we believe in the strength and
consistency of our study, despite the relatively small
association size. Furthermore, our findings are
consistent with multiple epidemiologic and experimental studies suggesting that exposure to lead is
causally related to elevated blood pressure levels [15].
Thus, we trust that the present results may be compared with those reported in similar studies with environmentally exposed populations.
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