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ABSTRACT
Background: A significant proportion of the average annual body
weight (BW) gain in US adults (;0.5–1 kg/y) may result from
modest episodes of positive energy balance during the winter hol-
iday season.
Objective: We tested whether holiday BW gain was reduced in
participants with high baseline total energy expenditure (TEE) or
whether it varied by BMI (in kg/m2).
Design: In a secondary analysis of previously published data, DBW
normalized over 90 d from mid-September/mid-October 1999 to
mid-January/early March 2000 was analyzed by sex, age, and
BMI in 443 men and women (40–69 y of age). TEE was measured
by doubly labeled water. High or low energy expenditure was as-
sessed as residual TEE after linear adjustment for age, height, and
BW.
Results: No correlations between DBW and TEE or TEE residuals
were found. Sixty-five percent of men and 58% of women gained
�0.5 kg BW, with ;50% of both groups gaining �1% of prehol-
iday BW. Obese men (BMI �30) gained more BW than did obese
women.
Conclusions: A high preholiday absolute TEE or residual TEE did
not protect against BW gain during the winter holiday quarter. It is
not known whether higher than these typical TEE levels would
protect against weight gain or if the observed gain may be attributed
to increased food consumption and/or reduced physical activity
during the holiday quarter. Am J Clin Nutr 2012;95:726-31.

INTRODUCTION

It is estimated that the average US adult gains ;0.5–1.0 kg
BW4 annually (1–3). Using population survey data from
NHANES, Wang et al (4) estimated that if current trends con-
tinue, .80% of US adults will be considered overweight or
obese, defined as a BMI (in kg/m2) �25, by 2030.

In 2000, Yanovski et al (5) examined BW change in 195 adults
before, during, and after the winter holiday season. Compared
with BW in late-September/early-October (preholiday), partic-
ipants had a significant average net BW gain (0.5 6 2.2 kg) in
late-February/early-March (after the holiday). Interestingly,
.75% of the net BW gain (0.4 6 1.5 kg) occurred during the
holiday period, which began just before Thanksgiving and ended
shortly after New Year’s Day. Also noteworthy, follow-up BW
was measured from the postholiday period to the preholiday
period of the following year in 165 of the original participants,
which showed a trend for BW gain of 0.2 6 2.3 kg, albeit

nonstatistically significant (P = 0.13). Others have found similar
results, because weight gain among students from the University
of Oklahoma averaged;0.5 kg after a 2-wk period that included
Thanksgiving, whereas a subset of students with a BMI �25
gained 1.0 kg (6). These results suggest that a significant per-
centage of the average annual BW gain in US adults occurs
during the winter holiday quarter and is maintained throughout
the following year.

The daily energy imbalance underlying theseweight gains may
be small on a daily basis (1, 7). The average weight gain in
Yanovski et al’s study was ;40 kcal/d, assuming that the weight
gained has an energy density of 7800 kcal/kg (8). A significant
proportion of the average annual BW gain, however, may result
from a few larger episodes of positive energy balance rather than
a large number of small daily imbalances. This is illustrated by
the University of Oklahoma study, where the average gain cor-
responds to an energy imbalance of almost 300 kcal/d. It is
unknown, however, whether a person with high-energy expen-
diture is less susceptible to this seasonal weight gain.

Given the long-term negative health consequences of over-
weight and obesity, and understanding that the winter holiday
period in the United States may contribute to annual BW gain, it
is important to understand factors influencing this BW gain. To
our knowledge, no one has investigated the effect of free-living
daily TEE measured via DLW on BW change over the winter
holiday. The purpose of this study was to determinewhether adult
men and women who burn more total daily calories than pre-
dicted for their age, height, and BW were protected against
holiday BW gain. We hypothesized that BW gain over the winter
holiday quarter would be lower in adults with a higher baseline
TEE than predicted for their age, height, and BW.

1 From the Interdepartmental Graduate Program in Nutritional Sciences,

University of Wisconsin–Madison, Madison, WI (CMC and DAS); and the

Division of Cancer Control and Population Sciences, National Cancer In-

stitute, Bethesda, MD (AFS and RPT).
2 Supported by the National Cancer Institute, Divisions of Cancer Control

and Population Sciences and Cancer Epidemiology and Genetics.
3 Address corresponding and reprint requests to DA Schoeller, Depart-

ment of Nutritional Sciences, 1415 Linden Drive, Madison, WI 53706. E-

mail: dschoell@nutrisci.wisc.edu.
4 Abbreviations used: BW, body weight; DLW, doubly labeled water;

OPEN, Observing Protein and Energy Nutrition study; FFM, fat-free mass;

FM, fat mass; PAEE, physical activity energy expenditure; PAL, physical

activity level; RMR, resting metabolic rate; TEE, total energy expenditure.

Received July 6, 2011. Accepted for publication December 21, 2011.

First published online February 1, 2012; doi: 10.3945/ajcn.111.023036.

726 Am J Clin Nutr 2012;95:726-31. Printed in USA. � 2012 American Society for Nutrition



SUBJECTS AND METHODS

In a secondary analysis of previously published data, baseline
TEE and change in BW over the 1999–2000 winter holiday
quarter was examined in 443 men and women (40–69 y of age)
who participated in the OPEN Study (9). Briefly, the original
purpose of the OPEN Study was to assess self-reported dietary
measurement error by comparing results from self-reported di-
etary intake questionnaires with objective biomarkers: DLW for
TEE, and urinary nitrogen for protein consumption. Study par-
ticipants were recruited by contacting a random sample of 5000
households in the metropolitan area of Washington, DC
(Montgomery County, MD). Data were available for 451 par-
ticipants. Eight participants (4 men and 4 women) were excluded
from the current analysis because of changes in BW outside 63
SDs of their respective sex-specific mean. The OPEN Study was
approved by the National Cancer Institute’s Special Studies
Institutional Review Board.

Body weight and height

BW and height were measured in a clinic setting after an
overnight fast before the winter holiday quarter (mid-September
to mid-October 1999) and again after the winter holiday quarter
(mid-January to early-March 2000). The average interval be-
tween BW assessments was 107 6 7 d. To normalize for dif-
ferences in individual study interval days, each subject’s DBW
was divided by their respective number of days between BW
assessments and then multiplied by 90 d.

Energy expenditure and PAL

The primary analysis was performed by using TEE. Baseline
TEE was measured by DLW in all participants before the winter
holiday quarter (mid-September to mid-October 1999). Details of
TEE measurements are described elsewhere (9, 10). Briefly,
DLW was dosed orally at ;2 g of 10 atom percent 18O-labeled
water and 0.12 g of 99.9 atom percent deuterium per 1 kg es-
timated total body water. A 5–urine specimen protocol was used
to determine total body water measured by the plateau method
(11). TEE from DLW was calculated according to Racette et al
(12) and by using the modified Weir equation assuming a re-
spiratory quotient of 0.86. FFM was determined from the total
body water measurement from DLW with the use of a hydration
constant of 0.73.

TEE residuals (TEEmeasured – TEEpredicted) were calculated
after linear adjustment of TEE for age, height, and BW.

TEEpredicted ðmenÞ ¼ 1332� 17:83 age ðyÞ þ 20:73BW ðkgÞ
þ 4:1 3 height ðcmÞ; R2¼ 0:49 ð1Þ

TEEpredicted ðwomenÞ ¼ 638� 8:53 age ðyÞ þ 12:93BW ðkgÞ
þ 7:1 3 height ðcmÞ; R2¼ 0:41 ð2Þ

The positive intercepts in the above prediction equations
appear counterintuitive; however, they reflect the nonlinear re-
lation observed between physical characteristics and energy
expenditure during the early years of life (13).

A second analysis was performed by using the traditional PAL
expression of physical activity. RMR was not measured, but was

estimated from BW, height, and age by using the Mifflin
equations for adult men and women (14).

RMR ðkcal=d;womenÞ ¼ 9:993BW ðkgÞ þ 6:253 heightðcmÞ
�4:92 3 age ðyÞ � 161 ð3Þ

RMR ðkcal=d;menÞ ¼ 9:993BW ðkgÞ þ 6:253 heightðcmÞ
�4:92 3 age ðyÞ þ 5 ð4Þ

PAL was estimated by dividing TEE by calculated RMR.
PAEE was estimated from TEE and RMR, assuming that the
thermic effect of food was 10% of TEE:

PAEE ðkcal=dÞ ¼ 0:93TEE� RMR ð5Þ

Statistics

Unpaired t tests were used to test for differences in baseline
measures of energy expenditure, PAL, and body composition
between sexes. One-factor ANOVA was used to test for differ-
ences in DBW between quartiles of TEEresiduals within sex. Two-
factor ANOVA was used to test for differences in absolute and
relative (%) DBW between age and BMI categories within sex.
If the main effect of age or BMI was significant, differences
between means were assessed by using Tukey’s multiple-com-
parison test. A 2 · 3 chi-square test was used to test for dif-
ferences in the incidence of excessive weight gain, defined as
.2.0 kg, between BMI categories (healthy, overweight, and
obese) within sex. To assess the relation between DBW with
measures of energy expenditure, linear (Pearson) regression was
used to compare DBW with TEE, PAL, and TEEresiduals for both
men and women. The Number Cruncher Statistical System
(2007 version) was used for statistical analysis. All statistical
tests were 2-sided, with a = 0.05. Results are presented as means
6 SDs unless otherwise stated.

RESULTS

Baseline characteristics of study participants are presented in
Table 1. Data were analyzed from 242 men and 201 women;
approximately one-third of males and females were represented
in each decade of age except for women aged 60–69 y (24%).
The mean age for women was 53 6 8 y and for men was 54 6
9 y. The mean BMI was 27 6 6 for women and 28 6 4 for men.

TABLE 1

Distribution of study population separated by sex, age, and BMI

Men (n = 242) Women (n = 201)

Age [n (%)]

40–49 y 88 (36) 78 (39)

50–59 y 80 (33) 76 (38)

60–69 y 74 (31) 47 (24)

BMI [n (%)]

�25.0 kg/m2 56 (23) 78 (39)

25.0 to ,30.0 kg/m2 118 (49) 67 (33)

�30.0 kg/m2 68 (28) 56 (28)
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Men and women differed significantly in every measure of
energy expenditure and body composition (Table 2). Men had
a higher average TEE than did women; however, when TEE was
adjusted for FFM, women had a significantly higher energy
expenditure than did men. The average estimated PAL and
PAEE were also significantly higher in men, but estimated PAEE
was significantly higher in women after adjustment for FFM.
FFM was significantly higher and percentage body fat was
significantly lower in the men.

For both men and women, no relation was observed between
DBW and baseline TEE (Figure 1; R2 , 0.01, NS) or between
DBW and PAL (Figure 2; R2 , 0.01, NS). In addition, no dif-
ference in DBW between quartiles of TEE residuals was ob-
served for either men or women (Figure 3).

The distribution of DBW for all participants, linearly nor-
malized to change over 90 d, is shown in Figure 4. Mean DBW
was 0.9 6 1.4 kg (range: 23.2–5.2 kg) in men and 0.6 6 1.3 kg
(range: 23.4–4.2 kg) in women (P , 0.05, men compared with
women); however, the percentage change from preholiday BW
averaged 1.0 6 1.5% (range: 24.0–5.4%) in men and 0.9 6
1.8% (range: 24.6–5.8%) in women (P . 0.05, men compared
with women). A total of 157 men (65%) and 117 women (58%)
gained �0.5 kg BW, whereas 40 men (17%) and 25 women
(12%) gained �2.0 kg BW. Approximately 50% of both men
and women gained �1% of their initial preholiday BW. No
significant differences in the incidence of excessive weight gain,
defined as .2.0 kg, between BMI categories (healthy, over-
weight, obese) within sexes.

Men in the seventh decade of life (age 60–69 y) gained more
BW (P , 0.05) than did women of the same age (Figure 5A),
although this difference is not significant when DBW is ex-
pressed as the percentage of initial preholiday BW (P = 0.10;
Figure 5B). DBW did not differ significantly by age decade
within sex, but men aged 60–69 y showed a trend (P = 0.09) for
increased BW gain compared with men aged 40–49 y. Obese
men (BMI �30) gained more BW than did obese women, re-
gardless of whether weight gain was expressed in absolute (kg)
or relative (%) terms (P , 0.05; Figure 5, C and D). DBW did
not differ significantly by BMI category in men. When ex-
pressed in absolute terms, DBW (kg) did not differ significantly

by BMI category in women; however, when expressed as the
percentage of initial preholiday BW, obese women gained less
BW than did women in the healthy-weight BMI category (P ,
0.05).

DISCUSSION

The primary findings from our secondary analysis of data from
the OPEN Study (9) suggest that older men and women with
higher baseline preholiday absolute or residual daily TEE are not
protected from BW gain over the winter holiday quarter. We
found no differences in BW gain between quartiles of TEE
residuals. If high residual TEE at baseline was protective against
BW gain during the time period studied, we would expect
individuals in the lowest quartile of TEE residuals (those with
a lower measured TEE than predicted for age, height, and BW) to
gain more BW than individuals in the highest quartile, which was
not observed.

Participants in the OPEN Study (9) were primarily white,
educated, older adult men and women. Whereas this sample may
not be representative of the US population, the mean weight gain
observed in our study was similar, albeit slightly higher (0.8 kg
compared with 0.5 kg) than that observed in Yanovski et al’s (5)
convenience sample of primarily white (67%) men and women
ranging in age from 19 to 82 y. The average weight gain observed
in the current study was also similar to the holiday weight gain in
other populations. Andersson and Rossner (15) observed a sig-
nificant increase in body weight (0.4 6 0.8 kg) in 76 Swedish
middle-aged men and women with a healthy BMI during a 3-wk
period over the Christmas holiday, compared with a non-
significant increase (0.6 6 2.4 kg) in 46 obese men and women
participating in weight-maintenance programs. In a study ex-
amining the role of conjugated linoleic acid in reducing body fat

TABLE 2

Baseline energy expenditure characteristics (mid-September to

mid-October 1999)1

Men (n = 242) Women (n = 201) P value2

TEE (kcal/d) 2897 6 522 2296 6 376 ,0.001

TEEFFM (kcal/d) 2591 6 346 2661 6 262 0.021

FFM (kg) 59 6 8 42 6 6 ,0.001

Fat (%) 32 6 6 41 6 7 ,0.001

RMR (kcal/d)3 1720 6 184 1430 6 135 ,0.001

PAL 1.69 6 0.22 1.61 6 0.20 ,0.001

PAEE (kcal/d) 892 6 361 645 6 237 ,0.001

1 All values are means 6 SDs. FFM, fat-free mass; PAEE, physical

activity energy expenditure = (TEE · 0.9 – RMR); PAL, physical activity

level; RMR, resting metabolic rate; TEE, total energy expenditure; TEEFFM,

total energy expenditure adjusted for FFM.
2 Men compared with women (2-tailed t test).
3 Estimated by using the Mifflin equation (14). Unpaired t tests were

used to test for differences in baseline energy expenditure characteristics.

FIGURE 1. DBW versus baseline absolute TEE for men (A; n = 242) and
women (B; n = 201). DBW was linearly normalized to change over 90 d.
Linear (Pearson) regression was used to compare DBW with TEE for both
men and women. No significant relations were found. TEE, total energy
expenditure; DBW, change in body weight.
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and preventing holiday weight gain, 18 men and women (326 7
y of age) receiving a placebo gained 1.1 6 3.2 kg over a 6-mo
period between August-October and January-March (16). Al-
most all of the average weight gain occurred during the holiday
season in November-December.

A primary assumption in the interpretation of our findings was
that baseline PAL and TEE represent habitual levels of energy
expenditure and thus remain the same for each individual
throughout the winter holiday quarter. If this is true, then it is
unlikely that our findings were the result of lower-than-average
PALs or TEEs relative to other populations of similarly aged men
and women. As a group, measured TEE was not different from
TEE calculated by using the equations developed for the 2005
Dietary Reference Intakes to determine estimated energy
requirements for weight maintenance (2624 6 550 compared
with 2657 6 565 kcal, respectively), which are specific for age,
sex, body size, and physical activity (17). In addition, mean
baseline PALs for both men (1.69 6 0.22) and women (1.61 6
0.20) were similar to those of national population averages;
however, it is possible that PAL decreased during the winter
holiday quarter and could have contributed to a cumulative
positive energy balance, which led to the observed weight gain.

On average, approximately two-thirds of the participants in
this study gained �0.5 kg BW over the holiday period (nor-
malized to change over 90 d). Assuming that excess BW gain
was 80% fat and 20% FFM (8) and had a tissue energy density
of 7.8 kcal/g, individuals who gained 0.5 kg BW would have
accumulated a total positive energy balance of ;3900 kcal, or
43 kcal/d. This is similar to the previously calculated positive
energy balance attributed to the 12-wk holiday BW gain in the
study by Yanovski et al (5); however, the energy imbalance
associated with the winter holiday period probably does not

reflect a constant daily imbalance. Racette et al (18) measured
body mass daily in 48 men and women over an entire year and
found that the daily BW gain averaged 3 g/d, but the average
weekend daily BW gain was 60 g/d compared with a weekday
average BW loss of 20 g/d. As previously calculated (19), the
higher weekend rate of gain corresponds to an energy imbalance
of considerably .43 kcal/d followed by weekday periods of
negative energy balance. The assumptions regarding the com-
position of the tissue gained in the study by Racette et al,
however, are less reliable than those for long-term weight gain.
It is possible that a similar situation exists during the winter
holiday period. Larger periods of positive energy balance may
exist around the actual holiday dates, similar to the calculated
energy imbalance associated with weekends. In contrast, the
days in between actual holiday dates may represent smaller
changes or possibly even negative energy-balance conditions. If

FIGURE 2. DBW versus PAL for men (A; n = 242) and women (B; n =
201). PAL = baseline absolute total energy expenditure/resting metabolic
rate. Resting metabolic rate was estimated by using the Mifflin equation
(14). DBW was linearly normalized to change over 90 d. Linear (Pearson)
regression was used to compare DBW with PAL for both men and women.
No significant relations were found. PAL, physical activity level; DBW,
change in body weight.

FIGURE 3. Mean (6SE) DBW versus quartiles of baseline absolute TEE
residuals for men (A; n = 242) and women (B; n = 201). DBW was linearly
normalized to change over 90 d. One-factor ANOVA was used to test for
differences in DBW between quartiles of TEE residuals within sex. No
significant differences were found. TEE, total energy expenditure; DBW,
change in body weight.

FIGURE 4. Distribution of DBW for men (n = 242) and women (n =
201). The average interval between BW assessments was 107 6 7 d. To
normalize for differences in individual study interval days, each subject’s
DBW was divided by their respective number of days between BW
assessments and then multiplied by 90 d. DBW, change in body weight.
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holiday weight gain reflects the average weekday/weekend
change in BW, as seen by Racette et al, it is conceivable that
only 10–30 d of the holiday period contributed to the entire
average winter holiday BW gain. More research is required to
determine the exact time periods that contribute to net weight
gain during the winter holiday quarter.

A limitation of our study was that we did not have an in-
dependent measure of RMR from which to calculate PAL for
physical activity. Our study population, however, was similar to
that studied byMifflin et al (14), who examined a large group (n =
498) of individuals with a roughly even distribution of normal
weight and obese men and women ranging in age from 19 to 78
y. RMR is largely determined by FFM, but it is also highly
correlated with total BW. The addition of age, height, and sex
strengthened the predictive value of BW in determining RMR in
the equations developed. Therefore, the use of the Mifflin
equation is likely applicable to our population. Also, we did not
have a measure of changes in body composition over the holiday
period and therefore assumed that BW gain was predominantly
FM (8). Finally, we did not have an independent measure of
activity energy expenditure during the holiday period. Future
studies should include objective measures of activity energy
expenditure, such as accelerometers or global positioning sys-
tem devices to quantify changes in activity that might contribute
to BW change over the holiday season.

In conclusion, our data do not provide evidence that a high
baseline absolute or residual TEE after adjustment for weight,
height, and sex provided protection against BW gain during the
winter holiday quarter. Also, there was no evidence that a higher
than expected level of TEE provided protection against holiday
BW gain when estimated RMR was used to predict PAL. De-
creased levels of physical activity during the holidays cannot be
ignored, and baseline PAL may have been insufficient to prevent
weight gain; however, baseline PAL and TEE were comparable,
with similar populations suggesting that average weight gain over

the winter holiday quarter may be attributed to excess food
consumption above weight-maintenance requirements. None-
theless, encouraging increased activity levels for health reasons
is beneficial and may have led to less weight than might have
been gained otherwise. To better understand the causes of weight
gain during the winter holiday quarter, interventions are needed
that objectively measure food intake, energy expenditure, and
changes in body composition.
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