
Hypermetabolism and progression of HIV
infection

Dear Sir:

Several studies evaluating resting energy expenditure (REE)
in HIV-infected patients have been published. This component of
energy expenditure, when adjusted for differences in body com-
position, has been reported as being increased (1–4), decreased
(5), or even normal (6, 7) in these patients. The reason for this
lack of consensus remains unclear.

Given the evidence that viral load is an important predictor of
the progression of HIV infection, it is of interest to assess the rela-
tion between this variable and the degree of hypermetabolism. A
significant relation (r = 0.404, P = 0.011) between plasma viral load
and REE was described in 1997 by Mulligan et al (8) in 36 clini-
cally stable HIV-positive men, suggesting that energy expenditure
would increase as a part of the host response to viral replication.

Recently, Grinspoon et al (9) evaluated the probable determi-
nants of energy expenditure in 33 ambulatory HIV-infected
female patients. In the accompanying editorial, Kotler and
Heymsfield (10) found it surprising that there was not a signifi-
cant relation between REE and viral burden in the study by Grin-
spoon et al. They hypothesized that such a relation would have
been statistically significant had the study sample size been
increased or had the viral load variable been log-transformed in
the statistical analyses. Our experience suggests that such a rela-
tion does not exist.

We studied 85 HIV-infected patients (20 women, 65 men)
ranging in age from 24 to 65 y. They were recruited from 2 dif-
ferent hospitals [Hospital Universitari de Sant Joan de Reus
(n = 50) and Hospital Virgen del Rocio de Sevilla (n = 35)] at dif-
ferent stages of HIV infection. Thirty-three patients were free of
any acute opportunistic infection and the rest (n = 52) had clini-
cal evidence of an active secondary infection. After an overnight
fast, body composition was estimated by bioelectrical impedance
analysis (Human-Im Scan; Dietosystem, Milano, Italy) and REE
was estimated by 30-min indirect calorimetry (Deltatrac; Datex,
Instrumentarium, Finland). Subjects rested for 30 min before the
testing began. Blood samples were taken the same day of the
study to determine CD4 cell counts and viral load (Amplicor
HIV-1 Monitor; Roche Molecular Systems, Inc, Branchburg,
NJ). The malabsorption and nutritional status of some of the
patients included in this letter were reported previously (7).

Nutritional status varied a great deal between patients. The body
mass index (in kg/m2) of our patients ranged from 14.03 to 30.78
and mean changes in body weight over the previous 3- and 1-mo
periods were 5.4 ± 5.1 and 3.5 ± 3.3, respectively. REE ranged from
84.7% to 143.0% of the value predicted by the Harris-Benedict equa-
tion in patients free of opportunistic infection and from 84.8% to
152.4% in patients with active opportunistic infection.

As did Grinspoon et al (9), we found no significant relation
between REE and CD4 cell counts (r = 20.07) or plasma con-
centrations of HIV RNA (r = 0.02) even when the viral RNA
load in the total study population was log-transformed. These
relations were not significant in the group of subjects free of
opportunistic infections or in the rest of patients. The relation
between REE and plasma viral load was consistent when patients
from either hospital were analyzed separately.

The lack of a significant relation between REE and progres-
sion markers of HIV infection is, perhaps, not so surprising.
After all, a considerable number of factors known to be present
in HIV-infected patients are able to modulate energy expenditure
and although the effects of energy intake, malabsorption, weight
loss, and physical activity on energy expenditure have been stud-
ied in these patients, the considerable variability in the degree of
hypermetabolism between subjects remains unexplained. Fur-
thermore, the effects of proinflammatory cytokines, which affect
intermediary metabolism, as well as those of antiretroviral ther-
apies and other factors need to be explored.

Pedro Pablo García Luna
Pilar Serrano Aguayo

Servicio de Nutrición
Hospital Virgen del Rocio
Sevilla
Spain

M Jesús Jiménez Expósito
Antoni Paul Florit

Servicio de Medicina Interna y Análisis Clínicos
Hospital Universitari de Sant Joan
Reus
Spain

Pilar García Lorda
Jordi Salas Salvadó

Unitat de Nutrició Humana
Facultat de Medicina, Universitat Rovira i Virgili
Reus
Spain
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Reply to PP García Luna et al

Dear Sir:

In our recent article, “Determinants of Increased Energy Expen-
diture in HIV-Infected Women,” we showed significantly increased
resting energy expenditure (REE) in ambulatory, HIV-infected
women (1). REE was, in fact, 119% of that predicted by the Har-
ris-Benedict equation, which agrees with the results of many pre-
vious studies showing increased energy expenditure in this popula-
tion (2–4). In the patients studied, we found no correlation between
REE and viral burden. In their accompanying editorial, Kotler and
Heymsfield (5) noted that the results from our study are in contrast
with those of Mulligan et al (6) obtained in 36 HIV-positive men,
in whom REE was also significantly increased to 112% of that pre-
dicted by the Harris-Benedict equation. In the patients reported on
by Mulligan et al, a significant positive correlation between REE,
expressed per kilogram lean body mass, and viral load was noted.
Furthermore, Kotler and Heymsfield suggested that a potential
relation between REE and viral load might have been noted if our
data had been log-transformed or if the patient population had been
larger. However, no such positive relation was found even when the
data were log-transformed (Figure 1). In contrast, our data sug-
gested an inverse correlation between REE and viral load.

Similarly, Suttmann et al (7) did not find a consistent relation
between REE and immune function as measured by CD4 cell
count in 60 HIV-infected patients (primarily men). In the accom-
panying letter, García Luna et al (8) also reported on the relation
between REE and viral load. In 85 HIV-infected patients, no
significant relation was found between REE and viral load and
the overall r value for the comparison was negative. However,
the data from García Luna et al are not broken down by sex,
which would be useful, considering that the data from Mulligan
et al were collected in men in contrast with our data in women.

The mechanism of increased REE in HIV-infected patients
remains unknown and may relate to cytokine abnormalities or
other factors (2). If REE were positively associated with viral
load, it might be hypothesized, as suggested by Mulligan et al,
that increased energy expenditure is a direct result of progressive
HIV infection (6). As a corollary, control of HIV replication
might result in reduced energy expenditure. Although this
hypothesis remains an interesting one, we still must determine
whether there is a relation between REE and viral load, and if so,
whether there are sex-specific differences between HIV-infected
men and women with respect to this relation. Further research is
needed to better define the relation, if any, between REE and
viral load. Useful data might be obtained from longitudinal stud-
ies in patients receiving potent antiviral agents, in whom REE
could be assessed before and after therapy.

Steven Grinspoon

Massachusetts General Hospital
Neuroendocrine Unit
55 Fruit Street, BUL 457B
Boston, MA 02114
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FIGURE 1. Relation between resting energy expenditure (REE) and
viral load.
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Reply to PP García Luna et al

Dear Sir:

Resting energy expenditure (REE) in humans is closely
linked with body mass (1). A rise of <10% or more above a
predicted REE for body mass, age, and other predictor vari-
ables represents a hypermetabolic state (2). A corresponding
decrease of 10% or more in resting metabolic rate represents a
hypometabolic state.

Both absolute and relative REE elevations are well documented
with hyperthyroidism, catabolic injury, overfeeding, fever, and
many other conditions (3). Similarly, absolute and relative reduc-
tions in REE are recognized in hypothyroidism, semistarvation,
and hypothermia. Periodic fluctuations in REE are also observed
with variation in menstrual cycle activity (3). REE is thus a dynam-
ic physiologic measure that varies in magnitude either up or down
with many common physiologic states and pathologic conditions.

Although early investigators used body surface area to adjust
REE for between-individual comparisons, the modern approach
is to adjust REE for metabolically active tissue (1, 4). The usual
compartment selected is fat-free body mass (FFM), although
other approaches are recognized. Measured REE is first regressed
against FFM for a group of fasting subjects and this establishes
the basic relation between resting thermogenesis and body mass
(4). Additional potential predictors of REE are then entered into
the model, and usually others such as sex, fat mass, and age are
found significant (4). However, the contribution of the variables
other than FFM to REE prediction is very small and large subject
samples (eg, several hundred subjects) are often required to
achieve statistical significance. Hyper- or hypometabolism would
presumably be established after accounting for REE variance sec-
ondary to these recognized physiologic predictors.

García Luna et al (5) in their letter examine the relation
between REE and body mass in a heterogeneous group of 85
HIV-positive patients. The patients ranged from severely under-
weight to obese [body mass index (in kg/m2) range: 14–31] and
hypometabolic to hypermetabolic (REE ranged from 85% to
143% of predicted based on height, weight, and age). The
authors explore the possibility that REE is significantly correlat-
ed with plasma viral load, a finding that would suggest that ener-
gy expenditure is increased as part of the host response to viral
infection. Studies examining this question have produced mixed
results and García Luna et al did not detect a significant relation
between REE and CD4 cell counts or plasma HIV RNA concen-
trations. However, the authors did not provide information on
how REE prediction models were developed. Was FFM used as
an independent variable representing metabolically active tissue?
Were other covariates, such as sex and age, statistically signifi-
cant in developed REE models? Was the magnitude of observed
associations between REE and other predictor variables (eg, R2)
similar to that reported by other investigators? Was the sample
size adequate to detect the hypothesized difference?

We agree with García Luna et al that our understanding of the
underlying mechanisms of widely observed hyper- and hypome-
tabolism in HIV-positive patients remains an incompletely
understood and fascinating problem. Because HIV is a prevalent
infection, the opportunity remains to unravel the many and com-
plex REE determinants in large scale, carefully executed,
prospective studies. The information they could provide will give
new insights into the many complex and interacting factors that
determine REE and human energy requirements.

Steven B Heymsfield
Donald P Kotler

Department of Medicine
Obesity Research Center
1090 Amsterdam Avenue
New York, NY 10025
E-mail: SBH2@COLUMBIA.EDU

REFERENCES

1. Gallagher D, Belmonte D, Deurenberg P, et al. Organ-tissue mass
measurement by magnetic resonance imaging allows accurate in
vivo modeling of resting energy expenditure and metabolically
active tissue mass. Am J Physiol 1998;275:E249–58.

2. Diem K. Documenta Geigy Scientific Tables, Geigy Pharmaceuti-
cals. New York: Ardsley, 1962.

3. Heshka S, Buhl K, Heymsfield SB. Obesity: clinical evaluation of
body composition and energy expenditure. In: Blackburn GL, Kan-
ders BS, eds. Obesity: pathophysiology, psychology, and treatment.
New York: Chapman & Hall, Inc, 1994:39–79.

4. Ravussin E, Bogardus C. Relationship of genetics, age, and physi-
cal fitness to daily energy expenditure and fuel utilization. Am J
Clin Nutr 1989;49:968–75.

5. García Luna PP, Serrano Aguayo P, Jiménez Exposito MJ, Florit AP,
García Lorda P, Salas Salvadó J. Hypermetabolism and progression
of HIV infection. Am J Clin Nutr 1999;70:299–300.

Lactose maldigestion and calcium from dairy
products

Dear Sir:

The recent publication of a paper in this Journal suggesting
that lactose maldigestion should not be considered an impedi-
ment to consuming dairy products to obtain dietary calcium (1),
which was sponsored by the National Dairy Council, may mis-
lead the readers. First, dairy products may not be a good source
of calcium for reasons other than lactose intolerance. A recent
report from the Nurses’ Health Study, which included 121 701
women aged 30–55 y at enrollment in 1976, concluded that the
cohort study data do not support the hypothesis that a high con-
sumption of milk or other food sources of calcium by adult
women protects against hip or forearm fractures (2).

To examine the link between milk and osteoporosis further, an
ecologic approach was used to study hip fracture incidence rates
for the white and total populations from 9 countries (3). The data
for Finnish women were omitted because they were both an out-
lier with respect to women from other countries and inconsistent
with rates of hip fracture for the Finnish men. As shown in Table
1, dietary milk and its components, especially milk protein, have
a much higher statistical association with hip fracture incidence
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than do other likely factors such as fat, protein, and sweeteners
(4). When linear regressions were run for milk protein, the r value
for women was 0.800 (P = 0.005) and for men was 0.593
(P = 0.054). What the statistical results show is that living in
countries with a high dairy consumption is a risk factor for osteo-
porosis. They do not necessarily imply that consumption of dairy
products causes osteoporosis; however, they do suggest that fur-
ther investigations be conducted to determine why the associa-
tions are so high.

In addition, the annual hip-fracture rate of black females in
California was 43% that of white females (219 compared with
559 cases/100000 persons) (3), whereas the hip-fracture rate of
black females in Washington, DC, was 51% that of white females
(118.8 compared with 231.8 cases/100 000 persons) (5, 6). African
Americans are generally lactose intolerant and have lower milk
consumption rates than do white Americans. Perhaps their diet,
genetic makeup, or both lead to strong bones and therefore dairy
products or large amounts of dietary calcium are not as important
as they are for whites.

Other common chronic diseases are now linked to calcium and
milk consumption. Lactose from unfermented dairy products such
as milk and yogurt has the highest association with ischemic heart
disease of any dietary macronutrient for men of all ages and post-
menopausal women (7–9). A possible mechanism is the metabo-
lism of lactose into triacylglycerol and its incorporation into
VLDL cholesterol. In addition, milk and calcium intakes have
been found in cohort studies in 5 countries to be the highest risk
factors for prostate cancer (10). The proposed mechanism is a
reduction in circulating vitamin D by calcium because vitamin D
is involved in the incorporation of calcium into bone (10). Vitamin
D has been shown to kill prostate cancer cells in vitro (11).

Thus, there are many good reasons not to consume dairy prod-
ucts. Those concerned about osteoporosis, which has a complex
etiology, should review the report by Brown (5), which delves far
beyond the relation between osteoporosis and calcium intakes
into such other factors as the dietary acid-alkaline balance, trace
minerals, exercise, and exposure to sunlight.

William B Grant

12 Sir Francis Wyatt Place
Newport News, VA 23606-3660
E-mail: wbgrant@norfolk.infi.net

REFERENCES

1. Suarez FL, Adshead J, Furne JK, Levitt MD. Lactose maldigestion
is not an impediment to the intake of 1500 mg calcium daily as dairy
products. Am J Clin Nutr 1998;68:1118–22.

2. Feskanich D, Willett WC, Stampfer MJ, Colditz GA. Milk, dietary
calcium, and bone fractures in women: a 12-year prospective study.
Am J Public Health 1997;87:992–7.

3. Maggi S, Kelsey JL, Litvak J, Hayes SP. Incidence of hip fractures in
the elderly. A cross-national analysis. Osteoporos Int 1991;1:232–41.

4. Food and Agriculture Organization. Food balance sheets. Rome:
FAO, 1991.

5. Brown SE. Better bones, better body. New Canaan, CT: Keats Pub-
lishing, Inc, 1996.

6. Melton L. Epidemiology of fractures, osteoporosis etiology, diagno-
sis and management. In: Riggs B, Melton L, eds. New York: Raven
Press, 1988:133–54.

7. Artaud-Wild SM, Connor SL, Sexton G, et al. Differences in coro-
nary mortality can be explained by differences in cholesterol and

saturated fat intakes in 40 countries but not in France and Finland:
a paradox. Circulation 1993;88:2771–9.

8. Segall JJ. Epidemiological evidence for the link between dietary lac-
tose and atherosclerosis. In: Colaco C, ed. The glycation hypothesis
of atherosclerosis. Austin, TX: Landes Bioscience, 1997:185–209.

9. Grant WB. Milk and other dietary influences on coronary heart dis-
ease. Altern Med Rev 1998;3:281–94.

10. Grant WB. An ecologic study of dietary links to prostate cancer.
Altern Med Rev 1999;4:162–9.

11. Schwartz GG, Hill CC, Oeler TA, Becich MJ, Bahnson RR. 1,25-
Dihydroxy-16-ene-23-yne-vitamin D3 and prostate cancer cell pro-
liferation in vivo. Urology 1995;46:365–9.

Reply to WB Grant

Dear Sir:

We emphasize that the sole purpose of our study was to deter-
mine whether lactose maldigesters are able to tolerate lactose in
dairy products that provide <1500 mg Ca/d. The results of our
study clearly suggested that this is the case (1).

The complex issue of the potential benefit or harm of a dairy-
rich diet was not the topic of our study. However, the results of
many studies have supported the benefits of a high-calcium diet
in the prevention of osteoporosis (2–9) and the evidence in this
regard was sufficient to convince a National Institutes of Health
consensus conference to recommend that postmenopausal women
ingest 1500 mg Ca/d (9).

Fabrizis L Suarez
Jacqueline Adshead

Julie K Furne
Michael D Levitt

Minneapolis Veterans Affairs Medical Center
One Veterans Drive
Minneapolis, MN 55417
E-mail: Michael.D.Levitt-1@tc.umn.edu
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Protein intake and the risk of hip fracture in
postmenopausal women

Dear Sir:

I read with interest the study by Munger et al (1), who reported
a negative association between protein intake and the risk of hip
fracture in postmenopausal women. They also reported a negative
association between total carbohydrate intake, which was higher
in the women with hip fractures than in those without hip frac-
tures, and animal protein intake. A high consumption of sugars
increases the urinary excretion of calcium and magnesium (2–4)
and may well be a risk factor for osteoporosis (5). It would have
been useful, therefore, to have controlled for simple carbohydrate
intake in the multivariate analyses. Similarly, a high sodium intake
increases the urinary excretion of calcium and represents a risk
factor for osteoporosis (6, 7). Controlling for dietary sodium
would also have been of value.

Jay B Lavine
PO Box 45409
Phoenix, AZ 85064-5409
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Reply to JB Lavine

Dear Sir:

We agree with Lavine that dietary intake of carbohydrate and
other nutrients may be involved in osteoporosis. We emphasized
the possible role of protein intake in our report (1) because it was
the nutrient with the strongest dose-response relation to risk of hip
fracture and because a good deal of other evidence has accumu-
lated suggesting that protein intake is important in bone health.

In our report we stated that “analyses based on single nutrients
derived from dietary questionnaires must be interpreted with cau-
tion because of the collinearity of nutrient intakes.” The relation
between carbohydrate and protein intakes is a good example of
this problem. In our study, intake of animal protein was negatively
correlated with carbohydrate intake (r = 20.56 , P < 0.0001). Car-
bohydrate intake was positively associated with risk of hip frac-
ture, but this finding was diminished in multivariate analyses with
nonnutrient variables and fell below the threshold of statistical
significance. Because of our relatively small number of hip frac-
ture cases and the collinearity of protein and carbohydrate intakes,
multivariate models with simultaneous inclusion of these 2 nutri-
ent variables were not interpretable. A clearer picture may emerge
in subsequent analyses with larger sample sizes. A better under-
standing of the possible role of carbohydrate intake in the risk of
osteoporotic fractures is important because of current dietary
trends in which fat and protein are replaced with carbohydrates.

Ronald G Munger
James R Cerhan
Brian C-H Chiu

Department of Nutrition and Food Sciences
Utah State University
Logan, UT 84322-8700
E-mail: bihmi@interasia.com.ph
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Erratum

Thureen PJ, Anderson AH, Baron KA, Melara DL, Hay WW Jr, Fennessey PV. Protein balance in the first week of life in venti-
lated neonates receiving parenteral nutrition. Am J Clin Nutr 1998;68:1128–35.

On page 1131, Table 2, the energy values under the column heading “Nonprotein energy intake” are inaccurate. The correct
values, from top to bottom, are as follows: 334, 240, 202, 208, 207, 215, 188, 256, 180, 196, 167, 233, 132, 139, 80, 103,
194, 177, and 187 kJ·kg21·d21.
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Erratum

Willett WC. Is dietary fat a major determinant of body fat? Am J Clin Nutr 1998;67(suppl):556S–62S.

Figures 3 and 4 were inadvertently switched in the publication process and the weight scale for Figure 3 was incorrectly con-
verted to kilograms. The corrected figures appear below.

FIGURE 3. Changes in fat and energy intake and weight change over 1 y (37).

FIGURE 4. Fat and energy restriction and weight change over 18 mo (41).
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