Hypertension and Calcium

We wish to make several comments
about the article ‘‘Blood pressure and
nutrient intake in the United States” by
David A. McCarron et al. (29 June, p.
1392). Using the data base of the first
National Health and Nutrition Examina-
tion Survey of the National Center for
Health Statistics (HANES 1) (1971
through 1974) (/), the authors present
statistical analyses suggesting associa-
tions between classification of blood
pressure status and consumption of a
number of nutrients in the diet of the
U.S. population. There are major con-
ceptual and statistical problems in the
authors’ approach which lead to inappro-
priate conclusions. These problems in-
clude (i) the authors’ unconventional
definition of hypertension, (ii) their reli-
ance on nondiscretionary sodium intake,
and (iii) their flawed statistical analyses.

One problem is the authors’ definition
of hypertension. Their analyses are lim-
ited to systolic blood pressure, even
though medical practice considers both
systolic and diastolic pressures to be
clinically important. Furthermore, re-
cent supplementation trials have sug-
gested that diastolic pressure is more
responsive to dietary treatment than is
systolic pressure (2). Hence, the analy-
ses would have been more rigorous and
useful if the results had been systemati-
cally examined using both systolic and
diastolic blood pressure measures. In
addition, the authors use the nonconven-
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tional definition of hypertension as the
upper 10th percentile of systolic blood
pressure for their age-race-sex sub-
groups.

A second problem is that the sodium
intake data in the HANES I estimate

only the nondiscretionary sodium con-

tent of foods consumed. The data do not
include estimates of intake of sodium
from discretionary use of salt in food
preparation or at the table, or for sodium
from drinking water and medications.
These sources contribute significantly to
total sodium intake in variable ways for
different individuals. The limitation of
having a measure which estimates only
one component of total sodium intake
raises serious questions as to the adequa-
cy of this measure for assessing associa-
tions between sodium intake and hyper-
tension.

McCarron et al. cite four references
(3, 4) to support their use of the single
day of nondiscretionary dietary sodium
data from HANES I as an adequate
surrogate indicator of mean total sodium
intakes of blood pressure groups. These
references, however, are either irrele-
vant or require an assumption that type
of subjects, types of diet methodology
used, and number of days for which
dietary information is collected will not
affect the relative nature of the relation-
ship between nondiscretionary sodium
to total sodium intake or the reliability
and validity of the intake estimates.
There is no available information to sup-
port their assumptions.

Table 1. Linear regression models of the relationship between systolic blood pressure and 24-
hour intake of calcium and sodium with different analytical approaches. Subsample of adults
ages 18 through 75 in the first National Health and Nutrition Examination Survey, 1971 through
1974. The subsample consists of adults who said that they had never been told that they had
high blood pressure and were not on medication for high blood pressure, on a low-salt diet, or
pregnant (n = 10,404). Individuals with values for systolic or diastolic blood pressure on first
reading were retained in the analysis (n = 10,358).

Calcium

Age

Sodium

Coefficient

P Coefficient . P

Unweighted assuming simple random sampling

Age not in regression
Age in regression

—0.0021 mmHg/mg
—0.0002 mmHg/mg

Weighted with complex sample design

Age in regression

0.0006 mmHg/mg

0.01 —0.0004 mmHg/mg 0.01
0.47 0.0003 mmHg/mg 0.02
0.08 0.0006 mmHg/mg 0.01

384

There are also major problems with
the analytic methods used by McCarron
et al. The authors do not control appro-
priately and consistently for variables
such as age, race, sex, and body mass
index. The authors, in presenting their
figures 1, 2, and 5 and parts of their table
2, purport to adjust for some relevant
variables, but their methods of adjust-
ment are inappropriate, as we will show.
The remainder of their table 2, figures 3
and 4, and the ‘‘Implications’’ section
appear not to be standardized at all. In
addition, the definition of hypertension
changes from analysis to analysis. A
cutoff of 160 mmHg is used in their
figures 1 and 4 and part of their table 2; a
mean systolic blood pressure is used in
their figure 3. Hypertension as defined
by the upper 10th percentile for age-sex-
race subgroups is used in part of their
table 2 and figure 5.

We will use HANES 1 data throughout
the rest of this letter to demonstrate the
importance of the methodologic issues.

We were unable to replicate the sam-
ple sizes reported in their article. The
three questions they reported using to
define their sample resulted in a sample
of 11,771 instead of 10,419. Therefore we
assumed they deleted all people who did
not respond ‘“‘No’’ to the question
‘““Have you ever been told by a doctor
that you have high blood pressure?’’ in
addition to those who responded posi-
tively to the three questions listed in the
article. That gave us a sample of 10,404
which is the sample used for the remain-
der of this letter.

In some analyses, the authors attempt
to control for confounding factors by
direct standardization techniques. Direct
standardization can be an effective meth-
od of summarizing data and controlling
for confounding factors when trends in
each subgroup are similar and when sub-
groups are sufficiently large to yield reli-
able results. When, however, relation-
ships vary within subgroups or when the
sizes of some constituent subgroups are
very small, direct standardization may
produce deceptive results. In the sample
studied, some of the subgroups were
extremely small or nonexistent, thus
making estimates for these subgroups
highly unreliable. This was particularly
true when the cutoff for systolic blood
pressure of =160 mmHg was used to
classify individuals as hypertensive. Us-
ing the nonconventional approach of de-
fining hypertension as the upper 10th
percentile of systolic blood pressure for
an age-sex-race subgroup resulted in a
wide range of absolute cutoff values,
from a low of 130 mmHg for white wom-
en 18 through 24 years old to a high of
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190 mmHg for black males 65 through 74
years old. When using this definition of
hypertension to compare mean nutrient
intakes of the two blood pressure
groups, therefore, the authors were re-
quired to average over demographic sub-
groups with widely disparate blood pres-
sure cutoffs. No documentation was pro-
vided to show that there were similar
trends in each subgroup.

A complex sample design was used to
select the HANES I sample. The sample
data were weighted to adjust for unequal
sampling probabilities and nonresponse
and to make national estimates. Since
both the weights and the complex design
can have a profound effect on results,
they must be accounted for in a statisti-
cally valid analysis. The need to take the
weights and sample design into account
is documented on all public-use data
tapes and in a National Center for Health
Statistics (NCHS) monograph (5) and
has been discussed at a number of
HANES Users’ Group meetings and at
NCHS data users’ conferences. Neither
the weights nor the complex sample de-
sign were incorporated into the analyses
by McCarron et al.

So that readers can judge the effect of
incorporating confounding variables,
sample weights, and the complex sample
design, we are including some of the
results of our reexamination of the analy-
ses of McCarron et al. The data in Table
1 show that, when age is not included in
alinear regression model and the weights
and complex sample design are not in-
corporated, the results are as McCarron
et al. report: both calcium and sodium
are inversely associated with systolic
blood pressure. However, when age is
incorporated, the calcium association is
no longer statistically significant, and the
sodium association changes from a nega-
tive to a positive relationship (note that,
in each model, the coefficient describing
the relationships of systolic blood pres-
sure to nutrient intake is extremely small
and nutrient intakes contribute very little
to the variance in systolic blood pres-
sure). Incorporating the sample weights
and design in addition to age makes little
difference. In other analyses of HANES
data, results and conclusions are
changed by incorporating sample
weights and design effects (5).

Our purpose in this example was not
to derive conclusions concerning the as-
sociations between nutrient intake and
systolic blood pressure, but rather to
demonstrate that the analytical approach

taken by McCarron et al. is incorrect and |

that some of their conclusions are not
supported by the very data they use. An
appropriate analysis of the HANES 1
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data would involve, not only correct use
of analytical techniques and sample de-

“sign, but would also require a systematic

and thorough evaluation of the effects of
a large number of variables in addition to
age. Harlan et al. (6) recently published
an analysis of the HANES I data using a
different subsample and incorporating
the sample weights and design.

In discussing their results, McCarron
et al. were remiss in not attempting to
square their conclusions with the abun-
dance of population-based and experi-
mental data suggesting that dietary sodi-
um indeed plays ‘an important role in
hypertension. In contrast, their conclu-
sion that there is an inverse relationship
between dietary calcium and blood pres-
sure is consistent with other studies (4,
7). We believe that sufficient evidence
has accrued to justify further experimen-
tal and clinical investigations of associa-
tions between dietary calcium and blood
pressure. Hypertension is a multifactori-
al disease, and its relationships with nu-
trients are complex. Additional studies
should be designed to determine precise-
ly the role of calcium and other nutrients
in the regulation of blood pressure and
the pathogenesis of hypertension, as well
as their potential value in prevention and
therapy.

MANNING FEINLEIB
National Center for Health Statistics,
Hyattsville, Maryland 20782
CLAUDE LENFANT
National Heart, Lung, and Blood
Institute, Rockville, Maryland 20857
SANFORD A. MILLER
Center for Food Safety and Applied
Nutrition, Food and Drug
Administration,
Washington, D.C. 20204
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Feinleib, Lenfant, and Miller raise
several issues that are critical to under-
standing the relation of diet and hyper-
tension. Our most important finding, that
of decreased intake of calcium in hyper-
tensives compared with normotensives,

has now been confirmed in six other
reports from five samples, some within
weeks of our publication (/, 2). Harlan et
al. (2) analyzed the HANES I sample
using multiple linear regression with
sample weighting and found that, of all
nutrients, only calcium, phosphorus, and
alcohol had a significant, consistent, and
independent relation to blood pressure.
No consistent association between sodi-
um and blood pressure was reported by
Harlan et al. Because no specific data
were presented about sodium, it is un-
known whether in subgroups there were
significant positive or negative associa-
tions between sodium and blood pres-
sure. However, in an earlier analysis of
HANES I published by the Department
of Health and Human Services (3), Har-
lan et al. reported two associations of
sodium with blood pressure, both con-
sistent with our findings: greater salt-
shaker use and greater salty snack food
consumption were both associated with
lower blood pressure. Although the anal-
yses by Harlan et al. were commissioned
by the National Center for Health Statis-
tics, the overall results disagree with the
analysis presented by Feinleib, Lenfant,
and Miller.

Our emphasis on systolic hypertension
was based on published data from stud-
ies that have indicated a stronger relation
between cardiovascular complications
and systolic, rather than diastolic, blood
pressure (4). By choosing to define hy-
pertension by two criteria, we could as-
sess the relation of lifetime risk of high
blood pressure in peer groups by identi-
fying the upper 10th percentile in each
age group, and also the risk of an abso-
lute blood pressure greater than or equal
to 160 mmHg.

The ‘‘unconventional definition’” of
hypertension we used in the upper 10th
percentile analysis is well supported by
the literature on tracking of the level of
blood pressure within one’s peer group
(5). The use of this definition permits the
identification of those individuals at
greatest risk for cardiovascular compli-
cations, again within their peer group.
Clearly, the greatest risk for complica-
tions would occur in a 30-year-old with
single blood pressure determination of
158/90 mmHg, compared with a 70-year-
old with an identical reading.

Within the HANES I data base, it has
already been established that discretion-
ary sodium consumption correlates pos-
itively with nondiscretionary sodium;
that is, subjects who consume more salt
from food sources more frequently use
the saltshaker, which is the major source
of discretionary sodium (3). Discretion-
ary intake can be only qualitatively mea-

SCIENCE, VOL. 226



LABTECH NOTEBOOK':
IBM PC" data acquisition
without programming.

LABTECH NOTEBOOK™ is the remarkable new program
that collects data directly from your laboratory instruments, analyzes
it, and produces charts, graphs and printouts—all without
programming!

It’s even compatible with Lotus 1-2-3™ and Symphony™ so
you can perform enhanced data manipulation, modeling, graphics
and even word processing. Imagine going from raw data to a printed
final report in minutes.

LABTECH NOTEBOOK supports Acrosystems, Burr-Brown,
Cyborg, Data Translation, IBM, Keithley DAS, Metrabyte, National
Instruments, Taurus and
Tecmar hardware.

1BM PC is a trademark of
International Business

Call or write today for a
free 30-day trial, or to
get more information.

LABORATORY TECHNOLOGIES CORPORATION
328 Broadway, Cambridge, MA 01239 ¢ (617) 497-1010

Circle No. 168 on Readers’' Service Card

Microtex

Scientific Imaging
Lets Your Computer
See The Light

Anintegrated scientific imaging
workstation from Microtex can
solve your image acquisition
problems, and provide results in
minutes instead of days.
Whether your application is
high speed, low light, UVor IR, a
Microtex system can capture,
analyze and display almost any
image an experiment can create.
For expert applications engi-
neering and further information,
contact:
Microtex Corporation
80 Trowbridge Street
Cambridge, MA 02138
617-491-2874 Telex948-014

MICROTEX

DIGITAL IMAGING

388 Circle No. 172 on Readers’ Service Card

sured, because saltshaker hole size and
number of shakes are required for quan-
tification. In fact, having nondiscretion-
ary sodium values and not total sodium
values, which would have been better
estimated from 24-hour urine collec-
tions, does not necessarily bias the data.
Bias could only occur if discretionary
sodium did not parallel nondiscretionary
intake, for example, if high sodium in-
takes were associated with infrequent
saltshaker use, and the converse. No
data exist to suggest this is true. As an
example of how remarkably good the
data collection was in HANES I, the
average sodium intake of Americans has
been measured at 140 to 160 milliequiva-
lents (meq) per day on the basis of 24-
hour urinary excretion. Discretionary
sodium typically may represent 25 to 40
percent of the overall intake, or an
average of about 33 percent (6). When
one uses this average, nondiscretionary
sodium intake should be 100 meq. From
our HANES I analysis, the average in-
take was 97 meq, an excellent agree-
ment.

In regard to replication of our sample,
we are under the impression, after recent
contact with the National Center for
Health Statistics, that our sample size
was reproduced exactly.

There are a variety of issues involved
in weighting that are not completely rep-
resented by Feinleib et al., of which we
were aware at publication. It should not
be implied that there is only one correct
method for dealing with these data, par-
ticularly as this is a censored subpopula-
tion. Feinleib, Lenfant, and Miller ac-
knowledge that using the weighted de-
sign does not change the results in their
hands. More important, weighting af-
fects only the variances and any subse-
quent statistical tests. As a result, the
mean values we reported are not
changed by weighting, and the associa-
tions we described are therefore unaf-
fected.

We employed discriminant analysis
rather than multiple regression analysis
because we believe the relation between
nutrients and blood pressure may not
involve a continuous outcome (in terms
of blood pressure), and that a threshold
may exist for a nutrient beyond which
point hypertension occurs. Therefore,
while still a linear method, discriminant
analysis may be most appropriate with a
dichotomous dependent variable such as
hypertension.

The contention that our analysis did
not account for age,-race, and sex is
incorrect. In our table 2, all three con-
founding factors were accounted for in
the first analysis, as stated on page 1393.
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As with any major confounder, it is
critical to adjust for these effects to dem-
onstrate the observed relation. It may be
important, however, to consider an in-
teraction between a nutrient and aging,
as nutrient intake (of, for example, calci-
um) and absorption frequently decrease
with aging (7). This may be an important
consideration when assessing the rea-
sons for the increasing prevalence of
hypertension in an older age group.

The intent of our article was to present
an original analysis of the HANES I data
base. Had we felt it was appropriate to
‘‘square’’ our conclusions with the abun-
dance of population-based and experi-
mental data suggesting that dietary sodi-
um indeed plays an important role in
hypertension, we would, of necessity,
have included the now rather substantial
body of newer information instead of the
older information that has been the basis
for the formulation of past policy. In
fact, the lack of intrapopulation research
~ indicating a positive association of sodi-
um and blood pressure has often been
noted (8). The most recent findings are
consistent with those observed by us in
HANES I. Development of high blood
pressure in ‘‘salt sensitive’’ models of
hypertension has been dissociated from
the intake of sodium (9). In the most
widely studied model of genetic hyper-
tension, sodium restriction has resulted
in growth retardation and possible accel-
eration of the hypertension (10, 11). In
one of the studies (I1), the level of
sodium restriction was within the bounds
currently recommended as the ‘‘safe’”
level of sodium reduction for the U.S.
population (/2). Finally, recently report-
ed studies from abroad suggest no short-
term benefits of moderate sodium re-
striction in hypertensive subjects studied
under the tightest control reported to
date (13).

We are encouraged by the acknowl-
edgement of Feinleib et al. that ‘‘suffi-
cient evidence has accrued to justify
further experimental and clinical investi-
gation of associations between dietary
calcium and blood pressure.”” We trust
that this portends a broadening from the
narrow focus on sodium as the principle
factor in the pathogenesis of hyperten-
sion. We hope that this new perspective
will not simply encompass calcium, but
will address the role of all nutrients, as
well as the complicated interactions that
characterize our diet. The complex is-
sues we face in applying this information
to our understanding of the pathogenesis
of this common medical disorder should
be a stimulus to intensify our research
efforts rather than to formulate simpli-
fied and premature therapeutic recom-
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mendations to the public. Other estab-
lished investigators in the research com-
munity share our perspective and have
articulated it in recent public statements
(14).

DaviD A. MCCARRON

CyNTHIA D. MORRIS

Division of Nephrology/Hypertension,
Oregon Health Sciences University,
Portland 97201 '
JoHN L. STANTON
Institute for Research in Food
Consumption and Nutrition,
Temple University,
Philadelphia, Pennsylvania 19122
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Erratum: In the report ‘‘Cell sensitivity to gravi-
ty,” by A. Cogoli et al. (13 July, p. 228), the legend
for figure 1b should have read: ‘‘Glucose consumed
by the lymphocyte cells during the experiment. The
initial concentration of glucose in the medium was
1100 mg/liter; the glucose that remained in the
medium after the experiment was measured by the
glucose dehydrogenase method (6). The standard
deviation of triplicate samples is shown.”

Erratum: In the News and Comment article “‘Use
of antibiotics in animal feed challenged”” (12 Oct., p.
144) by Marjorie Sun, the rate of fatalities resulting
from infections caused by drug-resistant Salmonella
was incorrectly reported. The fatality rate resulting
from these infections is 21 times higher than for
disease caused by Salmonella strains that responded
to conventional antibiotics. This finding was report-
ed gy Scott D. Holmberg et al. in Science, 24 Aug.,
p. 833.

Erratum: In two Research News articles by Ar-
thur L. Robinson (24 Aug., p. 822; 14 Sept., p. 1137),
the affiliations of three researchers were given incor-
rectly. Peter Smith and Thirumalai Venkatesan (24
Aug.) are with Bell Communications Research (Bell-
core), not AT&T Bell Laboratories, as stated. David
Hwang (14 Sept.) is also with Bellcore.
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