
affect interpretation of the presented findings, we are concerned by the
lack of the discussion of 2 important issues that may contribute to
breast cancer in this older population: 1) the limited role dietary
iron plays in determination of body iron stores and 2) the known
remarkable increase in tissue iron stores that occurs after meno-
pause (2).

Because there are no known excretory pathways for iron, systemic
iron homeostasis is strictly controlled by regulation of gut iron uptake
though the liver-derived hormone hepcidin and the enterocyte iron ex-
porter ferroportin for both inorganic dietary iron and heme iron (3).
This highly sensitive mechanism regulates iron gut absorption to
compensate for iron loss, which occurs through sloughed mucosal
cells and skin desquamation (1–2 mg/d). This amount of gut iron
absorption represents ,0.05% of the total body iron stores (4–5 g)
and is largely independent of dietary iron content (4). Null results
observed in many epidemiologic studies attempting to associate di-
etary iron with the breast cancer risk (1) and, more broadly, in all
dietary iron and cancer risk studies (5) could be partly attributable
to this regulatory system.

Among all known risk factors of breast cancer, estrogen status is
one of the most important (6). Yet, breast cancer incidence signif-
icantly increases after menopause during the period when overall
estrogen amount is decreased by 90%. As a result of cessation of
menstrual blood loss, body iron stores are increased 2–3-fold during
menopausal transition (2). This significant iron increase, along with
estrogen locally produced in the breast tissue by aromatase cyto-
chrome P450, the product of CYP19A1, could increase risk of
breast cancer development in older women (7). Putting estrogen
and iron in this context, it would be difficult to detect the signifi-
cance of iron by comparing the iron overload in patients such as
hemochromatosis mutation carriers with normal controls because of
the low amounts of estrogen due to hypogonadism in the iron over-
load patients (8, 9).

To further delineate the potential role of iron in the pathophysi-
ology of breast cancer in postmenopausal women, additional studies
with direct measurement of serum ferritin or, better yet, breast tissue
concentrations of ferritin and ferroportin are needed. To this extent,
stronger association can be found (10), and the role of iron in breast
cancer of postmenopausal women may be unarguably shown.

Neither of the authors had a conflict of interest to disclose.
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Mediation considerations: serum potassium and
the racial disparity in diabetes risk

Dear Sir:

We read with interest the article by Chatterjee et al (1) on whether
low serum potassium accounts for a portion of the elevated risk of
incident diabetes among African Americans compared with whites.
The authors conducted a mediation analysis by assessing whether
the association between race and diabetes risk was attenuated on
introduction of a potential mediator in a Cox proportional hazards
regression model. With this method, the authors effectively sought
to decompose the effect of race on the risk of incident diabetes into
direct (ie, the effect of race on diabetes risk not due to serum potas-
sium concentrations) and indirect (ie, the effect of race on diabetes
risk that occurs via serum potassium) components.

This approach was formalized by Baron and Kenny (2) in the mid-
1980s. Since then, there has been a growing literature on how such
an approach to estimate direct and indirect effects requires strong
assumptions that may often be violated in practice (3). There are at
least 3 issues that present difficulties in many research settings: the
presence of unit-level exposure-mediator interactions, noncollapsi-
bility of the association measure, and confounding of the mediator-
outcome association. Each of these issues can lead to substantial bias
in the estimates of direct and indirect effects.

First, to make viable inferences using the technique the authors
used requires the absence of unit-level interactions between the in-
termediate and the exposure under study (4). That is, in the context
of the present study, there must be no individuals for whom race and
serum potassium concentrations interact to influence the risk of
incident diabetes. Without this condition, it may be impossible to
define a single direct effect of interest, because there are separate
direct effects for each level of the intermediate. Although this con-
dition is impossible to verify with data, establishing that the asso-
ciation between race and incident diabetes is constant across strata
of serum potassium might be used to argue that this assumption is
plausible. The use of a nonlinear (ie, Cox proportional hazards)
model to assess this homogeneity makes it difficult to causally in-
terpret their direct and indirect effect estimates (5); yet, Chatterjee
et al (1) do provide an indication of the potential viability of this
assumption in the legend of their Figure 2.
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Second, the authors compared unadjusted hazard ratios to hazard
ratios adjusted for a covariate thought to be a potential mediator of
the race-diabetes association. Mediators were identified as those vari-
ables that, on adjustment, 1) sufficiently attenuated the hazard ratio
for race when added to the model and 2) that were statistically
associated with the risk of incident diabetes. However, the hazard
ratio is a noncollapsible measure of association (6). Because of
noncollapsibility, an unadjusted hazard ratio can be different than
a covariate-adjusted hazard ratio for reasons that have nothing to do
with an actual causal process. Therefore, using the change in the
hazard ratio upon covariate adjustment can be a misleading tool for
identifying mediators. This issue is often overlooked when conduct-
ing mediation analyses using nonlinear models, and it is most prob-
lematic when the outcome of interest is common (eg, .15%). In the
study conducted by Chatterjee et al (1), because only 12% of the
sample were patients with incident diabetes, noncollapsibility was
unlikely to have posed any serious problems.

Third, identifying and adjusting for any potential confounders
of the mediator-outcome association is an important and often
neglected step in estimating direct and indirect effects (7), one that
the authors do not fail to consider. For example, they note that body
mass index (BMI) may be a common cause of both serum potassium
(K1) and incident diabetes (D), and therefore a confounder of the
mediator-outcome association, as shown in Figure 1. Accordingly,
the authors adjust for BMI in their proportional hazards model.
However, BMI—and many other potential confounders of the
mediator-outcome association that the authors adjust for, such as
leisure-time physical activity, hypertension, income, and education—
are or may be affected by race. By adjusting for covariates that
1) may be affected by race, 2) may influence the risk of incident
diabetes, and 3) may also affect serum potassium concentrations,
the authors have adjusted for confounders of the mediator-outcome
association that are intermediates on the causal path between race
and the risk of incident diabetes. Consequently, the 18% reported by
the authors may not be the excess risk of incident diabetes in Af-
rican Americans explained by serum potassium. Rather, it would be
more appropriately interpreted as the percentage of the excess risk
that does not occur through measured causal intermediates such as
BMI that confound the mediator-outcome association explained by
serum potassium. Therefore, this ‘‘proportion explained’’ estimate may
not be meaningful from a policy or intervention standpoint.

Moreover, given that the authors adjust for causal intermediates,
their direct and indirect effect estimates may be subject to selection
bias (8). This can occur if, as shown in Figure 1, the association
between the causal intermediate (BMI) and the risk of incident di-
abetes is itself confounded by some unmeasured covariate U or if
unmeasured confounders of the serum potassium-diabetes associa-
tion exist (not shown). Marginal structural models fit using inverse

probability weights are an alternative to standard regression that
can be used to control for confounders and mediators while avoid-
ing selection biases due to conditioning on casual intermediates (9).
Explanations of how marginal structural models can be used to
assess direct and indirect effects have recently been published
(10).

The authors sought to better understand the pathways by which
race affects health. Such research is timely and, we believe, should
be prioritized in the biomedical literature. Chatterjee et al (1) should
be commended for identifying some often neglected prerequisites
needed to make traditional mediation analysis viable. We hope that
future research will apply methods that can more closely approxi-
mate the causal effects of interest in the context of such relevant
research questions.
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FIGURE 1. Simplified causal diagram representing the relations between
race, diabetes (D), serum potassium (K1), BMI, and an unmeasured
confounder (U) of the association between BMI and D.
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Thiamine deficiency in ill children

Dear Sir:

Thiamine deficiency is increasingly recognized in varied parts of
the world. In many areas of rural Southeast Asia, thiamine defi-
ciency (seemingly related to rice preparation practices) is the ac-
cepted cause of wet beriberi, which presents with respiratory
distress and heart failure and rapidly improves after thiamine ad-
ministration (1). Lima et al (2) have provided important data
showing that low thiamine concentrations were common in critically
ill children at their center in Brazil. These data add a compelling
global dimension to pediatric thiamine deficiency and prompt further
questions.

First, is thiamine deficiency a cause, an effect, or an incidental
finding unrelated to the illness that prompted admission to an inten-
sive care unit? Thiamine deficiency might have been the major cause
of illness in some of Lima’s patients, but only about a third were ,1 y
of age, the age at which wet beriberi is most commonly seen in Asian
children. We recently studied Cambodian infants with a clinical di-
agnosis of wet beriberi and found that thiamine concentrations were
low not only in clinical cases but also in most seemingly healthy
matched control infants from the same district (K Shelton-Dodge,
personal communication, 2010). Similarly, a recent report from Laos
suggests that sick children without clinical signs of beriberi often
have biochemical evidence of thiamine deficiency (4). Hence, low
thiamine concentrations do not in themselves prove that an acute
illness is beriberi. In some sick children with low thiamine blood
concentrations, thiamine deficiency may be unrelated or may be an
important cofactor that, together with another factor (eg, inter-
current infection), precipitates or worsens clinical illness. It is cur-
rently unclear how beriberi is best distinguished from thiamine
deficiency accompanying another acute cardiorespiratory illness
in infants. Criteria that might be useful include the presence of
dysphonia (a distinctive and perhaps fairly specific sign of infantile
beriberi), absence of findings of infection, and rapid resolution of
symptoms after thiamine administration. Lima et al did not report
these clinical features in their patients.

Second, how frequently is thiamine deficiency implicated in se-
vere childhood disease and death? Lima et al (2) observed thiamine
deficiency in 28% of their severely sick children but did not show
a statistically significant association between thiamine concen-
trations and mortality. In Laos, however, thiamine deficiency con-
ferred a 9-fold risk of illness-related mortality in sick children (4).
In Mesang District, Prey Veng province of Cambodia, where clin-
ical beriberi is frequently diagnosed, we recently conducted a verbal
autopsy survey and identified 51 deaths during the first year of life
(48 of the 51 during the first 6 mo of life) among 910 live births
from January 2005 through 15 April 2008. Thirty-seven (73%) of
the children who died were reported to have had tachypnea or

dyspnea during the illness leading to death, and 25 (49%) of the
children who died had dysphonia [21 of 33 (64%) who died after 7 d
of age had dysphonia]. Heart failure with tachypnea is typical of
but not specific for beriberi. Using a conservative case definition of
beriberi as dysphonia with �2 of 4 other typical findings (respira-
tory distress, irritability, vomiting, wheezing), 23 of the 51 (45%)
dying babies had beriberi. Of course, some of these children could
have died of pneumonia (with a hoarse voice due to irritability
and crying) unrelated to beriberi or thiamine deficiency. But, be-
cause not all patients with beriberi have dysphonia, it is also pos-
sible that more than half of infant deaths were due to beriberi;
thiamine deficiency could be a major contributor to childhood
mortality in Cambodia where 6% of children die before their fifth
birthday (5).

We are grateful to Lima et al (2) for providing new data about the
high frequency of thiamine deficiency in sick Brazilian children.
Their data raise important questions about the role of thiamine in acute
illnesses other than wet beriberi (isolated thiamine deficiency). Al-
though thiamine deficiency appears to be a major cause of infant
mortality in Southeast Asian populations, it remains unclear whether
it is a significant contributor to mortality in sick children from other
parts of the world.
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