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AN EXPLORATORY STUDY OF RESPIRATORY QUOTIENT
CALIBRATION AND ASSOCIATION WITH POSTMENOPAUSAL
BREAST CANCER
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Thomson2, Yasmin Mossavar-Rahmani3, Fridtjof Thomas4, Lihong Qi5, and Ying Huang1

1Division of Public Health Sciences, Fred Hutchinson Cancer Research Center, Seattle, WA
2Division of Health Promotion Sciences, Zuckerman College of Public Health, University of
Arizona, Tucson, AZ
3Department of Epidemiology and Population Health, Albert Einstein College of Medicine, Bronx,
NY
4Department of Preventive Medicine, University of Tennessee Health Sciences Center, Memphis,
TN
5Department of Public Health Sciences, University of California, Davis, CA

Abstract
Background—The respiratory quotient (RQ), defined as the ratio of carbon dioxide exhaled to
oxygen uptake, reflects substrate utilization when energy is expended. Fat and alcohol have RQ
values of about 0.7, compared to 1.0 for carbohydrate, and about 0.8 for protein. Here, the
association between RQ and postmenopausal breast cancer risk is studied.

Methods—Paired RQ measurements were obtained, separated by about 6 months, for women in
the reliability subset of a Women’s Health Initiative (WHI) Nutrition and Physical Activity
Assessment Study. Linear regression of the average of the paired log RQ assessments on a
corresponding log food quotient (FQ) average and other study subject characteristics, including
age, body mass index, race, and education, yielded calibration equations for predicting RQ.

Results—Calibration equations, using any of food frequency, food record, or dietary recall data,
explained an appreciable fraction of measured log RQ variation, and these were used to compute
calibrated RQ estimates throughout WHI cohorts. Calibrated RQ estimates using four-day food
record data related inversely (P=0.004) to (invasive) breast cancer risk in the WHI Dietary
Modification trial comparison group, and corresponding RQ estimates using food frequency data
related inversely (P=0.002) to breast cancer incidence in this cohort combined with the larger
WHI Observational Study.

Conclusion—Though preliminary, these analyses suggest a substantially higher postmenopausal
breast cancer risk among women having relatively low RQ.

Impact—RQ elevation could provide a novel target for breast cancer risk reduction.
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INTRODUCTION
There is little reliable information on energy expenditure patterns in relation to chronic
disease risk. Studies relating self-reported macronutrient consumption to risk reveal few
established or probable associations (1, 2), perhaps because of dietary assessment
measurement issues. The incorporation of objective measures of energy consumption and
expenditure in epidemiologic studies provides an attractive strategy to advance
epidemiological research in this area.

Biomarker sub-studies within WHI cohorts include objective measures of short-term total
energy expenditure using a doubly-labeled water (DLW) technique, and protein
consumption from 24-hour urinary nitrogen (3, 4). Linear regression of log-biomarker
values on corresponding log self-report dietary assessments in combination with such study
subject characteristics as body mass index (BMI), age, and race led to ‘calibrated’ total
energy and protein consumption assessments that make an adjustment for measurement error
in self-reported dietary assessment. Associations of calibrated total energy and protein
estimates with risk were found for several diseases (5–9), even though mostly not evident
when using uncalibrated dietary data.

The Nutrition and Physical Activity Assessment Study (NPAAS) in WHI also included
indirect calorimetry (IC), which assesses oxygen uptake and carbon dioxide exhalation.
Under controlled conditions IC provides a non-invasive assessment of resting energy
expenditure (REE) during the assessment period (10). Recently, the REE data were used, in
conjunction with DLW and dietary self-report data, to develop calibrated estimates of
activity-related energy expenditure (11) in WHI cohorts. Included in the IC instrument’s
data output is a respiratory quotient (RQ) assessment, which reflects substrate oxidation
during the IC testing period.

The RQ is defined as the ratio of carbon dioxide exhaled to oxygen inhaled as the body
expends its energy reserves. For carbohydrate oxidation the RQ is 1.0, whereas for fat and
alcohol it is about 0.7, and for protein it is close to 0.8 depending on the specific amino acids
undergoing oxidation during the test (12). Hence, RQ estimation provides the opportunity to
contrast fat and carbohydrate (stored as glycogen) utilization in relation to chronic disease
risk.

Here we develop RQ calibration equations based on corresponding food quotients (FQs),
defined (13) as the sum of 0.7, 0.8, and 1.0 times estimated percent of energy from fat plus
alcohol, protein, and carbohydrate respectively, with dietary data from each of three
assessment procedures, in combination with pertinent study subject characteristics. RQ
estimates using each dietary assessment procedure are then developed for women
throughout WHI cohorts, and these estimates are associated with subsequent invasive breast
cancer incidence during WHI cohort follow-up.
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MATERIALS AND METHODS
Women’s Health Initiative cohorts

The design of the WHI Clinical Trial (CT) and Observational Study (OS), and enrollee
characteristics, have been presented (14–16). Briefly, all women were postmenopausal and
in the age range 50–79 when enrolled at 40 U.S. clinical centers during 1993–98. The CT
enrolled 68,132 women to either or both of the Dietary Modification (DM) trial (48,835
women) or to overlapping postmenopausal hormone therapy trials (27,347 women). The DM
trial randomly assigned 40% of enrollees (19,541 women) to a low-fat eating pattern
intervention, and 60% (29,294 women) to a usual diet comparison group (DM-C). The
companion WHI OS is a prospective cohort study that enrolled 93,676 postmenopausal
women in the age range 50–79 years during 1994–98. The OS and DM cohorts were drawn
from essentially the same catchment populations, with substantial overlap in baseline data
collection and in outcome ascertainment procedures (17) during cohort follow-up. The WHI
food frequency questionnaire (FFQ, 18) was administered at baseline and 1-year in the DM
trial, and approximately every three years thereafter during the trial intervention period
(ended 4/8/05), and was administered at baseline and 3 years in the OS. A four-day food
record (4DFR) was also provided at baseline by women in the DM trial as a part of
eligibility determination, and 24-hour dietary recalls (24HRs) were obtained for certain
subsets of DM trial participants throughout the trial intervention period.

The Nutrition and Physical Activity Assessment Study (NPAAS) enrolled 450 weight-stable
postmenopausal women from the OS during 2007–2009 (4). These women were recruited
from OS enrollees at 9 WHI clinical centers. Black and Hispanic women were oversampled
as were women in the extremes of body mass index (BMI) and relatively younger
postmenopausal women.

Women were excluded from NPAAS for having any medical condition precluding
participation, weight instability in preceding months, or travel plans during the study period.
A 20% reliability sub-sample repeated the entire biomarker study protocol at about 6 months
after the original protocol application. All women provided written informed consent for
their WHI participation, and for their participation in NPAAS.

NPAAS protocol and procedures
The NPAAS study protocol involved two clinical center visits separated by a two-week
period, along with at-home activities. The first visit included eligibility confirmation;
informed consent; DLW dosing for short term energy expenditure assessment; completion of
FFQ, and other questionnaires; collection of a blood specimen and spot urines after DLW
dosing; and training in 4DFR completion. Between the two clinic visits, participants
completed a 4DFR, and collected 24-hour urine on the day prior to the second clinic visit.

At the second clinic visit, participants provided additional spot urine specimens and a fasting
blood; 4DFRs were reviewed; and participants completed an indirect calorimetry protocol.
The first of three 24HRs was obtained in the 1–3 weeks after Visit 2, and then monthly
thereafter for the other two.

Indirect calorimetry was carried out using a standard protocol (19) with either a DeltaTrac
II™ Respiratory Gas Analyzer (Datex-Ohmeda, Inc., Madison, WI) or a SensorMedics
VMAX™ metabolic cart (SensorMedics, Inc., Yorba Linda, CA). All metabolic carts were
calibrated each day according to manufacturer instructions and gasses were monitored
during each test. Participants arrived on Day 15 after a 12-hour fast and rested in a semi-
reclined position in a thermally neutral room for 30 minutes followed by a 30-minute test
under a canopy (8 clinics) or using a non-rebreathing fitted mouthpiece (1 clinic). Data
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points were obtained every minute, but the first 10 minutes of collected data were not
included in subsequent data analysis as 10 minutes are needed to achieve steady-state
conditions. Steady-state was defined as 10 minutes during which the oxygen consumption,
minute ventilation and the respiratory exchange ratio did not vary by more than 10% (19).
Sixteen participants who did not reach a steady state or did not have at least 10 minutes of
useable data were not included in data analysis.

Specimen handling and quality assurance procedures have been described (4). Blinded
duplicates (5%) were included in all biomarker assessments.

Recovery biomarkers
Total energy expenditure was objectively estimated during the two-week protocol was
estimated from relative urinary elimination rates of oxygen-18 and deuterium (3, 4).

Dietary assessment in NPAAS
Participants completed the self-administered WHI FFQ (18) in English or Spanish. This
FFQ includes 122 foods or food groups, 19 adjustment questions, and four summary
questions, and was designed to assess typical dietary habits over the preceding three months
in a multi-ethnic and geographically diverse population.

Participants viewed a 25-minute instructional video and received a food record instruction
booklet, in English or Spanish, at the first clinic visit. Participants also received a 12-page
serving size booklet with photographs and other measuring devices. They completed four
days of recording on alternate days (Sunday through Saturday) over the two-week period
between Visits 1 and 2.

The three 24-hour dietary recalls for each participating woman were conducted by trained
and certified study staff by telephone. Interviews targeted all food and beverages consumed
during the previous 24 hours (midnight to midnight) using the USDA’s multiple pass
method.

Dietary data from each of the three methods were analyzed for nutrient content using the
University of Minnesota’s Nutrition Data Systems for Research (NDS-R®).

Outcome ascertainment and breast cancer cases and controls
Breast cancer and other clinical outcomes were reported semi-annually in the CT through
the end of the intervention period, and annually in the OS, by self-administered
questionnaire (17). Invasive breast cancer occurrences were confirmed by review of medical
records and pathology reports by physician-adjudicators at local clinical centers, and
classified centrally using NCI’s Surveillance, Epidemiology, and End Results (SEER)
coding system.

Study cases and controls
A dietary fat and breast cancer report by Freedman et al (20) included the initial 603
(invasive) breast cancer cases from the DM comparison group, along with 1206 controls, 2-1
matched to the cases on baseline age, enrollment date, and clinical center. An additional 469
breast cancer cases had arisen in the DM comparison group (DM-C) by the end of the trial
intervention period (4/8/05). 4DFRs for these additional cases were analyzed for use in case-
only analyses in DM trial reporting (21). Here, we report analyses that associate estimated
RQ from 4DFRs, using these combined 1072 cases and 1206 controls. Following exclusions
for missing values for variables used in breast cancer risk modeling, there were 898 cases
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and 1057 controls for these association analyses, in which 4DFRs were used to develop FQ
estimates, and hence calibrated RQ estimates.

At the end of the CT intervention period, all participating WHI women were invited to re-
enroll for an additional five years of non-intervention follow-up, and 81% of women chose
to do so. Association analyses of calibrated RQ using FFQ data include follow-up through
9/30/10 in both the DM-C and the OS. The baseline FFQ % energy from fat assessments in
the DM trial are distorted by the use of the FFQ in eligibility screening (22). Therefore, the
DM-C component of analyses uses FFQ data collected at one-year following enrollment,
and only cases occurring after the one-year data collection are included. Following missing
data exclusions a total of 5059 invasive breast cancer cases and 92,298 non-cases are
included in combined DM-C and OS cohort analyses, in which FFQs were used to develop
FQ and calibrated RQ estimates.

Statistical methods
Measurement error analysis used a classical additive measurement model for the log-
transformed RQ with ‘errors’ that are independent of the underlying actual log RQ, and
independent of other study subject characteristics.

Linear regression of log RQ on log FQ and other study subject characteristics was used to
model indirect calorimetry-based RQ variation and to estimate the fraction of the total
variance (R2) in the log RQ that could be explained by log FQ and other pertinent variables.
In line with the regression calibration approach to addressing measurement error in disease
association analyses (23–25), all variables included in the disease association model (see
below) for confounding control, are included also in the calibration equations. The
calibration equations include all variables used to oversample subsets of women for NPAAS
participation, and they are expected to be applicable to the OS cohort more generally, and
also to the DM-C cohort.

Case-control analyses of calibrated log RQ, with dietary data from 4DFRs, used
unconditional logistic regression analyses with baseline 5-year age categories, enrollment
year (to control for duration of follow-up), race/ethnicity, education, smoking status,
postmenopausal hormone therapy use (ever prior use of estrogen-alone; ever prior use of
estrogen plus progestin; randomization assignment for women in hormone therapy trials),
first degree relative with breast cancer, BMI, the Gail model 5-year risk score (26), alcohol
consumption, and an estimate of recreational physical activity, included in the disease risk
model as control variables in all analyses. Log- total energy was also included in the
regression model, and separate analyses were carried out with and without biomarker
calibration of total energy. A sandwich-type variance estimator was used for the regression
parameter estimate, to acknowledge the regression calibration approach to estimation (24).

Combined OS and DM-C cohort analyses of calibrated log RQ, with dietary data from the
FFQ, used the Cox model (27) with these same primary exposure and control variables
except that follow-up time for the DM-C component of the data was time since the one-year
visit following randomization. Also, the Cox model hazard rate was stratified on age at
baseline (enrollment, or 1-year visit) in 5-year categories, cohort (OS or DM-C), hormone
therapy treatment assignment if randomized in the hormone therapy trials, and on whether or
not the women consented to post-intervention follow-up. Censoring time for non-cases was
defined as the earliest of 4/8/05 for women not consenting to post-intervention follow-up,
9/30/10 for women consenting to additional follow-up, or date of last follow-up contact. A
sandwich-type variance estimator was again employed for the regression parameter estimate.

All P values are two-sided, and P values less than 0.05 were considered significant.
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RESULTS
NPAAS data quality control analyses showed that RQ data from one of the nine
participating clinical centers were systematically lower than expected, and lower than that
from the other centers, possibly due to faulty equipment. The data from this center were
excluded from further RQ analyses, leaving 380 women. For the measured RQ to
characterize a woman’s typical substrate oxidation pattern, it should track strongly across
repeated measures over time. Hence, the correlation of the paired log RQ values was
examined for the 76 of these 380 women who were in the 20% repeatability subsample. As
shown in Figure 1a, the paired log RQ assessments from IC correlated only weakly
(correlation of 0.23), with a few extreme discrepancies that are suggestive of occasional
measurement difficulties. Figures 1b to 1d also show the repeatability of the paired log FQ
estimates (correlation 0.68 to 0.79) from each of the three dietary assessment procedures.

To avoid undue influence from log RQ outliers, further RQ analyses were based on 64
women in the reliability sample for whom the difference between the paired log RQ values
was less than 0.15 (ratio of RQ values between 0.86 and 1.16). Following further exclusions
for missing data on modeled covariates, 59 reliability sample women remained. The left side
of Table 1 shows distributional characteristics for these women. The right side of Table 1
shows characteristics for 370 NPAAS women, following missing data exclusions, whose
data were used to develop calibration equations for total energy expenditure, formed by
regressing log DLW energy on corresponding dietary log energy and log FQ along with
other participant characteristics included in the breast cancer risk model.

Table 2 presents coefficients (standard errors) from linear regression of the average of the
paired log RQ values on the corresponding average of paired log FQ values and paired total
energy values, along with the other personal characteristics listed.

The log FQ coefficients in Table 2 are positive for each assessment method, but not
significantly so with these modest sample sizes. Noteworthy RQ variation is explained by
educational achievement. About 30% of the log RQ variation is accounted for by these
simple equations. Similar regression coefficients and R2 values arose from more stringent
outlier exclusion criteria (e.g., difference of ≥0.10 between paired log RQ values). The lack
of ability to identify RQ outliers precluded the development of calibration equations that
would make use of the single RQ assessments in the non-reliability component of NPAAS.

The geometric means (10th, 90th percentiles) for the FQ values used in the Table 2 RQ
calibration equations were 0.88 (0.84, 0.93), 0.89 (0.85, 0.93), and 0.89 (0.85, 0.93),
respectively, when based on FFQs, 4DFRs, or 24HRs. The corresponding values for total
energy in kilocalories were 1581 (954, 2509), 1638 (1186, 2222), and 1586 (1187, 2015).

The corresponding total energy calibration equations explained about 45% of the log DLW
energy variation, and regression coefficients are given in Supplementary Table 1, for each of
the three dietary assessment approaches. The geometric means (10th, 90th percentiles) for the
total energy values (kilocalories) used in these equations were 1471 (845, 2458), 1628
(1184, 2193), 1573 (1119, 2168), respectively, when based on FFQs, 4DFRs, and 24HRs.
The corresponding FQ values were 0.86 (0.83, 0.88), 0.86 (0.83, 0.89), and 0.86 (0.83, 0.89)
respectively.

Supplementary Table 2 shows characteristics of the cases and controls from the DM-C for
calibrated RQ association analyses that use 4DFRs to develop FQ and total energy
estimates, and characteristics of cases and non-cases from the combined DM-C and OS
cohorts for calibrated RQ association analyses that use FFQs to develop FQ and total energy
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estimates. Geometric means (10th, 90th percentiles) are also included for FQ, total energy,
calibrated RQ, and calibrated total energy.

The upper part of Table 3 shows invasive breast cancer odds ratios (ORs) for a 10%
increment in calibrated RQ and for a 20% increment in total energy, along with 95%
confidence intervals (CIs), and P-values for tests of odds ratios equal to 1.0, from logistic
regression of case-control analyses from the DM-C. Note that a 10% calibrated RQ
increment contrasts values in the extremes of the calibrated RQ distributions. When total
energy estimates from 4DFRs are included without calibration, a significant (P=0.003)
inverse association is evident between calibrated RQ and breast cancer incidence. The OR
for RQ changed little (and P=0.004) when calibrated total energy was substituted.

The lower part of Table 3 shows corresponding hazard ratio estimates and P-values from
combined DM-C and OS cohort analyses, using FFQ data in the development of calibrated
RQ and total energy values. The hazard ratio patterns are similar to, and more precise than,
those in the upper part of the Table. Calibrated RQ is inversely associated with breast cancer
risk (P<0.01) whether or not total energy is calibrated, while there is a concurrent positive
association of risk with calibrated total energy.

A sensitivity analysis was conducted that excluded women having weight instability (more
than 10 kg weight change between baseline and 1 year in the DM-C, or more than 15 kg
weight change between baseline and year 3 in the OS; and excluded women known to have
diabetes at baseline in the DM-C) in order to align these cohorts more closely with NPAAS
eligibility criteria. The estimated OR (95% CI) for a 10% increment in calibrated RQ
following these exclusions was 0.26 (0.09, 0.79), based on 777 cases and 903 controls in
4DFR-based analyses; and the estimated HR (95% CI) was 0.23 (0.09, 0.56), based on 4275
cases and 79,897 non-cases in FFQ-based analyses.

DISCUSSION
Consideration of substrate utilization may provide a novel approach to a more complete
understanding chronic disease risk. The extent to which a person relies on fat, carbohydrate,
or protein for energy oxidation may provide insights into physiology and metabolism that
have evidently not been examined previously in chronic disease epidemiology.

Indirect calorimetry has been shown to have good accuracy in spontaneously breathing
subjects, provided care is taken to avoid gas leakages (e.g., 28–30), with most evaluation
using the 30-year-old DeltaTrac II™ metabolic monitor. We used a well-developed IC
protocol, but found that there was also considerable variation between paired RQ estimates
from women who repeated the study protocol about six months after the original application.
While some such variation likely reflects actual changes in substrate utilization profile
between the two time periods, there were some clear outliers that likely reflect occasional
gas leakages or other measurement issues. These variations were sufficiently large, in
relation to the between-subject RQ variations that we chose to develop RQ calibration
equations based only on the data from 59 women whose paired RQ assessments were in
reasonable agreement, and for whom other needed variables were available. Calibration
equations provided an explanation for about 30% of the log RQ variation, though the FQ
coefficients were not clearly different from zero with this small calibration equation sample
size. An inverse association of educational achievement and log RQ was a major contributor
to the calibration. Compared to women without post-high school education, women with a
college degree had RQ values that were about 7% lower, while women with some post-
secondary education, but no degree, had intermediate RQ values (Table 2). This inverse
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association could help explain higher postmenopausal breast cancer rates among women
having higher socioeconomic status.

The (non-significant) log FQ regression coefficient estimates (Table 2) were largest for the
4DFR and smallest for the FFQ, with that for the three 24HRs intermediate. Note, however,
that the 4DFRs targeted a time period close to the IC application, whereas the FFQ targeted
an earlier 3-month window, and the three 24HRs were spread over a subsequent two month
period.

The estimated RQ values, whether FQ is based on 4DFRs or FFQs, related inversely to
breast cancer risk in WHI cohorts (Table 3). Our previous analyses (5) found a positive
relationship between DLW-calibrated total energy and breast cancer risk in these cohorts
that ceased to be evident when BMI was added to the disease risk model. Here, there is some
evidence (Table 3) for a positive association of total energy with risk, even with BMI in the
disease risk model, after controlling for calibrated RQ. However, these analyses are not
highly robust, due to the limited sample size for the RQ calibration. In additional analyses
(not shown), when log-calibrated RQ in the Table 3 analyses is replaced by indicator
variables for calibrated RQ quartiles, the association of calibrated energy with risk, seen in
the lower part of Table 3, is no longer significant, suggesting considerable sensitivity to the
joint quantitative modeling of these variables. Also, the OR pattern across calibrated RQ
quartiles was consistent with that from Table 3 for the 4DFR-based case-control analyses,
but was not so clear in the FFQ-based cohort analyses.

It seems that it may be metabolically advantageous in respect to breast cancer risk for
women to be drawing substantially from carbohydrate/glycogen reserves, rather than fat
reserves regardless of BMI. Doing so presumably reflects a diet that is relatively high in
carbohydrate and hence not dense in calories. Glycogen reserves turn over quickly, during
the course of each day, whereas body fat, provides a continuously available source for
energy metabolism. Reliance on fatty acid oxidation, as opposed to glycolysis and
gluconeogenesis, results in the formation of ketone bodies. An overabundance of ketone
body production can be induced by high fat, low carbohydrate weight loss data and can also
occur with poorly controlled diabetes (31). Data linking diabetes to breast cancer suggest
that this could be a contributing mechanism for the RQ associations reported here (32, 33).

A limitation of the study is that only short-term fasting RQ was assessed whereas a 24-hour
fed and fasting RQ may be more stable and correspond more closely to dietary assessment.
An important limitation derives from the occasional rather extreme variability between
paired fasting RQ values separated by about six months in time and from the limited sample
size (n=59) for RQ calibration equation development.

These preliminary analyses suggest a role for the energy metabolism profile in determining
breast cancer risk. This and corresponding associations with total energy consumption, in
the absence of concurrent RQ modeling (5), may help in the development of recommended
dietary and activity patterns for breast cancer prevention.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Correlation between Primary (Visit 1) and Reliability (Visit 3) Samples among 76
Reliability Subsample Women in the Women’s Health Initiative Nutrition and Physical
Activity Assessment Study: (a) log (respiratory quotient (RQ)) from indirect calorimetry
(IC); (b), (c), (d) log (food quotient (FQ)) from food frequency questionnaires (FFQs), from
four-day food records (4DFRs), and from three 24-hour dietary recalls (24HRs),
respectively.
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Table 1

Characteristics of Biomarker Study Subjects at Time of NPAAS Participation

NPAAS subset used for RQ calibration NPAAS subset used for total energy
calibration

(N=59) (N=370)

N % N %

Age (years)

 ≤55 0 0

 >55–60 0 0

 >60–65 9 15.25 70 18.92

 >65–70 26 44.07 143 38.65

 >70–75 15 25.42 87 23.51

 >75 9 15.25 70 18.92

Race/ethnicity

 White 41 69.49 236 63.78

 Black 8 13.56 72 19.46

 Hispanic 9 15.25 51 13.78

 Other/Unknown 1 1.69 11 2.97

Education

 ≤High school graduate/GED 19 32.20 47 12.70

 Post high school 10 16.95 135 36.49

 College graduate or higher 30 50.85 188 50.81

 Body mass index (kg/m2)a

 <25 27 45.76 122 32.97

 25 - <30 11 18.64 103 27.84

 ≥30 21 35.59 145 39.19

Smoking statusa

 Never 32 55.17 209 57.10

 Past 24 41.38 147 40.16

 Current 2 3.45 10 2.73

Alcohol intake

 None 25 42.37 150 40.54

 < 1 drink/week 10 16.95 84 22.70

 1-<7 drinks/week 20 33.90 88 23.78

 >7 drinks/week 4 6.78 48 12.97

Total recreational physical activity (MET-hrs/wk)

 ≤2.6 6 10.17 72 19.51

 >2.6 – 9.3 10 16.95 66 17.89

 >9.3 – 19.0 20 33.90 105 28.46

 >19.0 23 38.98 126 34.15
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NPAAS subset used for RQ calibration NPAAS subset used for total energy
calibration

(N=59) (N=370)

N % N %

Family history (first degree relative) 8 13.56 39 10.54

Gail 5-year risk (%)

 <1.26 28 47.46 195 52.70

 1.27 – 1.80 16 27.12 110 29.73

 >1.80 15 25.42 65 17.57

E-alone use evera

 Never 31 52.54 192 51.89

 Current/former 28 47.46 178 48.11

E+P use evera

 Never 33 55.93 202 54.59

 Current/former 26 44.07 168 44.41

Study Component

 DM-Comparison 0

 OS 59 100.00 370 100.00

Enrollment year

 ≤1995 22 37.29 104 28.11

 1996 22 37.29 131 35.41

 1997 9 15.25 86 23.24

 1998 6 10.17 49 13.24

a
At Visit 1 in the NPAAS sample, baseline in the case-control sample and OS cohort; at Year 1 in the DM-C cohort.

Abbreviations: 4DFR, four day food record; DM-C, dietary modification trial comparison group; FQ, food quotient; FFQ, food frequency
questionnaire; NPAAS, Nutrition and Physical Activity Assessment Study; OS, observational study
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Table 3

Breast Cancer Odds Ratios (upper panel) and Hazard Ratios (lower panel) for a 10% Increment in Respiratory
Quotient and for a 20% Increment in Total Energy, According to Whether or Not Total Energy Estimates have
been Calibrated for Measurement Error

Odds Ratios* (95% Confidence Interval; P-value) (898 cases; 1057 controls)

Total Energy Calibration Respiratory Quotient (P-Value) Total Energy (P-value)

No 0.26 (0.11, 0.65; 0.003) 1.03 (0.94, 1.12; 0.524)

Yes 0.23 (0.08, 0.64; 0.004) 1.27 (0.72, 2.23; 0.400)

Hazard Ratios† (95% Confidence Interval; P-value) (5059 cases; 98,298 non-cases)

Respiratory Quotient (P-Value) Total Energy (P-Value)

No 0.43 (0.24, 0.78; 0.006) 1.02 (1.00, 1.04; 0.017)

Yes 0.26 (0.11, 0.60; 0.002) 1.66 (1.16, 2.38; 0.006)

*
From unconditional logistic regression of case versus control status on calibrated log (respiratory quotient) and calibrated log (total energy), date

of study enrollment, age at study enrollment, body mass index, current smoking, race/ethnicity, education, postmenopausal hormone use (ever use
of estrogens alone, ever use of estrogens plus progestin), randomization assignment in hormone therapy trials, first-degree relative with breast
cancer, Gail model 5-year risk score, alcohol intake, and estimated recreational physical activity. Calibrated estimates are based on four-day food
records.

†
From Cox regression of calibrated log (respiratory quotient) and calibrated log (total energy), date of cohort enrollment, body mass index, current

smoking, race/ethnicity, education, postmenopausal hormone use (ever use of estrogens alone, ever use of estrogens plus progestin), first degree
relative with breast cancer, Gail model 5-year risk score, alcohol intake, and estimated recreational physical activity, and with baseline hazard rate
stratification on age category at FFQ completion, randomization assignment in the hormone therapy trials, cohort (DM comparison, OS) and
participation in WHI beyond the intervention period (time-dependent). Calibrated estimates are based on food frequency questionnaires.
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