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Abstract

Background/Objectives: The winter holiday season in the US, which spans mid-November to 

mid-January, contributes to over half of annual body weight gain. Although self-reported data has 

linked this weight change to both increased energy intake and reduced physical activity, objective 

techniques have never been used and thus the actual cause of holiday weight gain is controversial. 

Here, we aimed to determine changes in components of energy balance leading to the holiday 

weight gain.

Methods: Body weight change was compared between the pre-holiday (mid-September to mid-

November) and the holiday period (mid-November to early January). Total energy expenditure 

(TEE) was measured using doubly labeled water during holiday time (early to mid-December). 

Subjective (ratings) and physiological (appetite-regulating hormones) measures of appetite, eating-

away-from-home frequency, and incentive salience of food pictures were also evaluated.

Results: In 23 obese adults (87% female), body weight change during the holidays (0.41 ± 0.42 

kg) was significantly higher (P=0.02) than the body weight change during the pre-holiday period 

(−0.86 kg ± 0.42 kg). The TEE was unchanged during the two periods, suggesting no role of 

energy expenditure on weight gain. However, participants reported lower satisfaction after a meal 

pre-load which was significantly correlated with increased body weight during the holiday period. 

An increase in number of episodes of eating at sit-down restaurants was also reported during that 

period. Overall, these changing behaviors were supported by a non-significant increase in energy 

intake (+80 kcal/day, P=0.07) observed during the study holiday period.

Conclusion: We conclude that a decrease in energy expenditure does not result in the weight 

increase, but that an increase in food intake is the more likely cause. Our data imply that 
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compromised internal satiety mechanisms in presence of external food cues and diet related 

behavioral variables during the holidays may influence this weight gain.

INTRODUCTION

As the prevalence of obesity continues to rise in the United States1, considerable efforts are 

made to understand the environmental factors that impact weight gain. Multiple longitudinal 

studies indicate that small seasonal fluctuations in body weight, especially between the 

holiday months of mid-November and mid-January (~8 weeks), contribute to more than half 

of the weight gained annually2–9. Most importantly, this weight is not subsequently lost4 and 

can lead to a substantial increase of 15–30 pounds over multiple decades. Obese adults in 

particular are vulnerable to gaining more weight during this critical time4, 5. Self-reported 

data imply that this weight increase could be due to excess energy intake and/or lower 

physical activity4. A secondary analysis of a cross-sectional dataset testing whether high 

TEE measured prior to the holiday months (late summer or early fall) is predictive of weight 

gain during the holiday period, did not support the role of energy expenditure on the holiday 

weight gain6. Similarly, exercise performed regularly during the Christmas period did not 

protect against weight gain7. Evidently, objective techniques have never been used and thus 

the actual cause for holiday weight gain is controversial.

Characteristically, the holidays are accompanied with easy access to a large variety of 

calorie-dense foods. Previous work shows that constant exposure to such food cues10, 

combined with social facilitation11, and stress due to increase in alcohol intake, changes in 

sleep and activity patterns, increased contact with family members, financial stress, 

loneliness, party planning, holiday shopping, meal preparations etc.12 can increase energy 

intake from highly rewarding foods11, 13, something that is common around the holidays and 

humorously captured in Ode on Health and Holidays14. These rewarding foods may trigger 

alterations in neural pathways and cause a conscious increase in eating, leading to the 

holiday weight gain, particularly in obese adults. Continuous exposure to food may also 

cause disruption of food reward circuitry by dysregulating appetite-related hormones15. 

Another trait typical to the holidays, and a possible contributor to related weight increases, is 

frequent opportunities for prolonged and socially expected overconsumption of food outside 

the home16. With a myriad of possible contributors, research has yet to determine whether 

changes in one or multiple factors may drive weight gain during the holidays.

Here we aimed to test our hypothesis that an increase in body weight during the holiday 

period will be largely due to an increase in energy intake rather than a decrease in energy 

expenditure. In the US, the period between Thanksgiving and New Year’s Eve involves a 

series of events such as holiday parties, frequent dinners with friends and family, vacation, 

watching football games, office holiday bake-offs etc. providing ample opportunities to 

indulge in overeating and thus may significantly impact these energy balance components. 

We also examined differences in endocrinological (such as ghrelin, leptin, PYY, and insulin), 

and behavioral factors (such as, eating-away-from-home (EH) behavior, stress, motivational 

eating with exposure to food cues) between the pre-holiday and the holiday period in obese 

adults. We predicted that the increase in energy intake during the holiday period will be 

influenced by amplifying pro-feeding hormones, increased frequency of EH, higher 
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perceived value of food cues, and high subjective appetite levels. This information is critical 

for developing targeted behavior modification approaches for weight gain prevention during 

this weight gain period.

SUBJECTS AND METHODS

Subjects

Independently living adults (BMI 30–39.9 kg/m2; age 21–50 years) were recruited from the 

Madison metropolitan area by means of flyers and newspaper advertisements. Conditions 

that restrict eating and/or physical activity were considered for inclusion/exclusion in the 

study. Specifically, we excluded individuals with ambulatory inability, dietary restraints 

(restraint score >10, Three-Factor Eating Questionnaire)17, or diabetes (fasting blood 

glucose >126 mg/dL), history of eating disorders. People taking medication that affects 

metabolism, actively trying weight loss, and pregnant or post-menopausal women were also 

excluded. People with travel plans during doubly labeled water (DLW) procedure days were 

also excluded to avoid measurement errors18. The study was approved by the University of 

Wisconsin-Madison Institutional Review Board, and all volunteers gave their written 

consent to participate.

Experimental design overview

Based on the holiday timeline described by Yanovski et al.4, we implemented a 16-week 

longitudinal study to assess changes in body weight, body composition, energy balance 

components, and behavioral measures during two consecutive periods: 1) an 8-week pre-

holiday period (15th-30thSeptember to 9th-25thNovember), and 2) an 8-week holiday period 

(9th-25thNovember to 4th-15thJanuary) (Fig. 1; Supplementary Table 1). The visits fell on a 

range of dates because we were limited in the number of participants that could be handled 

in the clinic on a given day. Subject recruitment and data collection were conducted at the 

Clinical Research Unit (CRU) in quiet private rooms at University of Wisconsin Hospital.

Pre-holiday period.—Participants visited the study center three times during this phase: 

at baseline (visit 1, V1), at week 3 (visit 2, V2), and at the end of the phase (week 8; visit 3, 

V3). At V1 we collected anthropometric data, administered stable isotope labeled water, and 

collected urine samples for total body water (TBW) measurement, after an overnight fast. 

We also collected subjective appetite ratings and blood samples, and implemented a 

computer-based Leeds Food Preference Questionnaire (LFPQ) task19, all in response to a 

test meal. Participants also completed the Seasonal Pattern Assessment questionnaire 

(SPAQ) to identify Affective Disorder20 and EH frequency questionnaire to determine eating 

out behavior. At V2, we collected follow up urine samples for total energy expenditure 

(TEE) assessment. At V3 (end of the pre-holiday period), TBW and body weight were 

measured again for changes in fat mass and fat-free mass.

The Holiday period.—This phase began at the completion of the pre-holiday period. 

Participants visited the study center at week 11 (visit 4, V4), at week 13 (visit 5, V5), and at 

week 16 (visit 6, V6). All measures from baseline V1 (pre-holiday period) were repeated 

during the holiday period (December 1st through December 16th) at V4. At V5 (December 
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15th through December 23rd), we collected follow up urine samples to calculate TEE. At V6, 

TBW was measured to determine body composition change from the end of pre-holiday 

period (V3 vs. V6).

Assessment of body weight and body composition

At each visit, body weight was measured to the nearest 0.5 kg using a calibrated balance 

beam scale (HealthOMeter, Sunbeam, Boca Raton, FL) and height measured using a wall-

mounted stadiometer without shoes and with the subject’s head held in the Frankfort plain. 

Waist (WC) and hip circumference (HC) were measured with a flexible tape to the nearest 

0.1 cm midway between the lower costal margin and super iliac crest during a period of 

expiration. Blood pressure was measured in triplicate using a digital automatic blood 

pressure monitor (Omron HEM 705 LP, Kyoto, Japan) after a 10-min rest. Fat-free mass 

(FFM) was calculated from TBW, assuming 73.2% hydration21. Fat mass was estimated 

using FM = body mass – FFM22, 23 and caloric densities of 1 kcal/g for FFM and 9.45 kcal/g 

for fat mass24.

Assessment of TEE

DLW measured TEE over a 2-week period for both the pre-holiday and the holiday periods. 

DLW was administered orally at a dose of 2g of 10 atom % 18O labeled water and 0.12g of 

99.9 atom % deuterium-labeled water per kilogram of estimated total body water, along with 

a subsequent 50-ml water rinse of the dose bottle. Urine samples were collected immediately 

before DLW administration and 2, 3, and 4 hours post-dosing. Additional urine samples 

were collected after two weeks, at the same time of the day as 3- and 4-hour post-dosing 

samples. TEE was calculated using the equation described by de Weir et al.25 Dilution 

spaces for 2H and 18O were calculated according to Cole at al.26.

Estimation of energy intake

The DLW technique allowed us to measure the “TEE” and “body stores” components, and 

“energy intake” for each period was calculated using the following equation:

Energy Intake = TEE + Change in body energy stores

Change in body energy stores was calculated from initial and final TBW.

Collection of blood samples

At V1 (mid-September) and V4 (early- to late-December), participants arrived at the CRU 

after an overnight fast. To verify the fasting status, all participants were asked to record the 

time of last meal/liquid consumed. Based on that data, we determined that all participants 

followed the fasting regimen as instructed. After that a peripheral intravenous line was 

placed in the antecubital vein by a trained nursing staff. Blood samples were drawn at 

baseline (before test meal at either 8:00am or 10:00 am) and at 30 min, 60 min, and 120 min 

post-test meal consumption. The test-meal (Dannon full fat yogurt with Del Monte canned 

peaches in syrup and a cinnamon roll). was designed based on the principles described by 

Gibbons et al.27 and to effectively detect changes in “wanting” and liking” components 

(consultation with the co-author, Dr. Finlayson). Calories of the test meal were determined 
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for each individual based on their height, weight, age, and sex,28 and composed 15% of the 

daily estimated energy requirement (55% calories carbohydrate, 10% calories protein, 34% 

calories fat). Blood samples were centrifuged at 2000 g for 15 min at 4˚C and plasma was 

stored at - 80˚C until assay. We used radioimmunoassay (Millipore, Billerica, MA, USA) to 

measure plasma active ghrelin, plasma leptin, plasma total PYY, and plasma insulin levels.

Assessment of appetite

Subjects completed a paper version of visual analogue scale (0–10 cm) to measure 

motivation to eat at baseline (before test meal) and 15 min, 30 min, 60 min, and 120 min 

after meal initiation (V1 and V4)29. At each time point the following questions were asked: 

(1) How hungry do you feel? (2) How full do you feel? (3) How satisfied do you feel? (4) 

How much do you think you can eat? Ratings were made on a 10 cm scale with text at each 

end indicating the most positive and most negative rating29.

Collection of saliva samples

Subjects performed an in-home saliva collection for three consecutive weekdays during the 

week following V1 and V4. One mL samples were collected in pre-labeled glass tubes at the 

following timepoints: 1) Immediately upon waking up, 2) 30 minutes after waking up, 3) 

between 2pm and 5pm, 4) between 7pm and 10pm. Participants were instructed to avoid 

eating/drinking, brushing teeth, or engaging in physical activity between the two morning 

sample collections. Tubes were stored in subject’s standard freezer until brought back to the 

lab, where they were stored at −80˚C until assay.

Behavioral measures

At each visit during the pre-holiday and the holiday period, questionnaires were 

administered to collect self-reported information on EH. Specifically, we asked how 

frequently participants consumed a meal at fast food restaurants, fast-casual restaurants, all-

you-can-eat restaurants, sit-down restaurants, takeout meal/frozen boxed meal. Fast-food 

restaurants were defined as places that serve fast-food cuisine and have minimal table 

service with limited menu items; fast casual restaurants were defined as somewhat quieter 

and slower paced and offer complex foods that take longer to prepare; All-you-can-eat 

restaurants were places where unlimited meals are served at one price; and sit-down 

restaurants were places where people sit and a staff takes an order. The response scale for 

eating out at each restaurant type was (1) Never, (2) Rarely, (3) Sometimes (1–3/month), (4) 

1–2 times/week (5) 3–4 times/week, and (6) >5 times/week. This questionnaire was 

developed by the Survey of Health of Wisconsin (SHOW) and is validated16, 30. These 

categories were combined and scored as follows: (1) Never/Rarely, given a value of 0, (2) 

Sometimes, given a value of 0.7, (3) 1–2 times/week, given a value of 1.5, and (4) >3 times/

week, given a value of 3. An average for number of visits per week was calculated and 

compared for the pre-holiday and the holiday period. The Seasonal Pattern Assessment 

Questionnaire (SPAQ)20 was also administered at V1 and V4 to identify Seasonal Affective 

Disorder31, 32. The questionnaire consisted of six questions, each graded on a response from 

0 to 4. Responses were added to generate a total SPAQ score20 between 0 and 24.
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Leeds Food Preference Questionnaire (LFPQ)

Participants completed the LFPQ task at V1 and V4, 60 minutes after test meal 

consumption. The LFPQ is a computerized hedonic analysis platform that measures implicit 

and explicit measures of food reward.19 Participants rated 20 holiday-related food pictures 

varying in 2 dimensions: fat (low and high) and taste (sweet and savory). For explicit 

measures, participants were asked to rate on a visual-analogue scale how much they “liked” 

(“How pleasant would it be to experience a mouthful of this food now?”) or “wanted” 

(“How much do you want to eat this food item now?”) food items shown on the screen. In 

addition, random food image pairs were presented on the screen and participants were 

instructed to quickly and accurately select the food item they would “most want to eat now.” 

With this, both frequency and preferred choice (relative food preference), and reaction time 

were measured, and a standardized implicit wanting score was calculated.33 Because we 

were most interested in the fat content of foods and differences between the two time 

periods, values for sweet and savory were averaged for each individual to give us a high-fat 

and a low-fat food score for each measure.

Statistical Analysis

Statistical analyses were performed using SPSS (version 24; SPSS Inc., Chicago, IL, USA). 

Sample size was based on the prior studies5, 6 to detect an increase of 0.8±1.4 kg in body 

weight with power of 80% alpha of 5%. For changes in body weight, body composition, and 

other anthropometric measures, we calculated the difference between V1 and V3 for the pre-

holiday period, and between V3 and V6 for the holiday period. These differences were then 

compared using a paired t-test. TEE, energy intake, and behavioral measures were compared 

between V1 and V4 using paired t-tests. A two-way repeated measure ANOVA was used to 

analyze differences in hormones and subjective appetite levels. We used a mixed design 

ANOVA to analyze explicit wanting, explicit liking, implicit wanting, and preferred choice 

from the LFPQ measure. Pearson’s correlations were used to assess relationships between 

variables. Data are reported as mean ± standard error of mean (SEM) and statistical 

significance was set at p ≤ 0.05. All data met the assumption for statistical tests. We use one-

tailed thresholds to test our directed hypothesis that holiday related weight gain will be 

largely due to an increase in energy intake rather than a decrease in energy expenditure6, and 

this increase in energy intake will be driven by changes in eating patterns.

RESULTS

Data from 23 participants (n=27 enrolled) were included in the analyses. One participant 

dropped out of the study due to scheduling conflict. For three subjects, DLW results did not 

pass quality control (poor precision between the TEE calculated from successive urine 

specimens at the start and end of sample collection) and their data were excluded. All 

participants in the study were obese (BMI 33.1 ±1.0) with an average age of 37 ± 0.01 years.

Changes in body weight and body composition are reported in Table 1. The difference 

between V3 and V1 (pre-holiday) was compared with the difference between V6 and V3 

(holiday) for all these variables. We observed a decrease of 0.86 kg during the pre-holiday 

period vs an increase of 0.41 kg during the holiday period. Interestingly, the composition of 
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weight change did not differ between the two periods with fat comprising of 25% of weight 

change during the pre-holiday vs 22% of weight change during the holiday period.

In line with our hypotheses, our most important finding was that TEE did not change 

between the two periods (V1, Pre-holiday 2745 ± 96kcal/day; V4, Holiday 2742 ± 86 kcal/

day, P = 0.96), indicating no effect of season on energy expenditure. As such the energy 

density of weight change, as calculated in a paper by Bhutani et al.34, averaged 3000 

kcal/kg. Thus, our data suggests that the weight gain may be influenced by changes in eating 

behavior during the holiday period rather than decreased energy expenditure.

To assess potential effects of holiday-related depression and stress on holiday weight gain, 

we compared the scores generated from the SPAQ as well as salivary cortisol, a 

physiological marker of stress, between V1 and V4. We did not find any differences in the 

SPAQ scores (P = 0.40) or cortisol levels (P = 0.73) (Fig. 2a and 2b), suggesting no role of 

stress and depression on holiday related weight gain. We next tested if the body weight was 

influenced by subjective perception of appetite. Our self-reported data indicated that 

participants were equally hungry (V1, pre-holiday 6.4 ± 0.25; V4, holiday 7.0 ± 0.25; P = 

0.2) when they arrived at the study center at both periods. Interestingly, at V4 (the holiday 

period), subjective feelings of hunger (P=0.02, one-tailed) and desire to eat more (P=0.01, 

one-tailed) remained high and satisfaction from meal remained low (P=0.01, one-tailed) 

immediately after the test meal consumption. Participants continued to feel less satisfied 

(main effect period, P = 0.02, one-tailed) after 15 min, 60 min, and 120 minutes of test meal 

consumption (Fig. 3). Furthermore, the change in average satisfaction score was negatively 

correlated with change in body weight (r = −0.47, P = 0.02) between the two periods.

Based on the evidence that EH increases body weight35, we next tested whether self-

reported eating out behavior changed during the holiday period. Partially replicating these 

previous findings, subjects reported a significant increase in number of episodes of eating at 

sit-down restaurants (P = 0.03, one-tailed) during the holiday period (average of V4, V5, 

V6) compared to the pre-holiday period (average of V1, V2, V3) (Fig. 4a). We observed no 

changes in consumption of fast-food (P = 0.38), fast-casual (P = 0.72), all-you-can-eat (P = 

0.16), or takeout and frozen meals (P = 0.78) between the two periods (Supplementary Table 

2.)

We next tested the possible contribution of constant exposure to high caloric food cues on 

holiday related weight gain using LFPQ. Intriguingly, the LFPQ data showed no main effect 

of period and no interaction between period and fat for explicit wanting (P = 0.46), explicit 

liking (P = 0.39), or food choice (P = 0.10) measures (Table 2). However, a significant 

interaction between period and fat for implicit wanting was observed in the opposite 

direction than expected.

We further tested if alterations in circulating gut hormones may have appetite modulatory 

effects during the holiday period. Our analysis did not indicate an increase in hunger 

inducing hormones (active ghrelin, P = 0.46) or satiety causing hormones (leptin, P = 0.64, 

total PYY, P= 0. 90; insulin, P= 0.52) between the pre-holiday and the holiday-period 

(Supplementary Table 3.), suggesting no influence of these regulatory hormones on 
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excessive energy intake. However, in line with our hypothesis that it is increase in energy 

intake that has larger contribution to the holiday weight gain than energy expenditure, we 

observed a non-significant change with estimated energy intake in the expected direction 

(+80 kcal/day; one-tailed, P = 0.07) (pre-holiday 2695± 26kcal/day; holiday 2775± 26 kcal/

day) (Fig. 4c). Further, our correlational analysis revealed that there is a strongly trending 

correlation between change in eating out episodes at sit-down restaurants and change in 

energy intake (r = 0.41, P = 0.05) between the two periods (Fig. 4b).

DISCUSSION

In previous studies, six-weeks of the holiday period (Thanksgiving through New Year’s) is 

well documented as a critical time for weight gain in adults2–9. Although studies have 

implemented dietary9, 36, 37 and physical activity7 interventions to prevent weight increases, 

the actual cause of the holiday weight gain is controversial. Here, we are the first to quantify 

energy balance components using DLW to test our hypothesis that no change in TEE and a 

possible increase in energy intake will contribute to weight gain during the holiday period. 

Following this hypothesis, we observed no decrease in TEE during the holiday period. We 

also recorded lower post-meal satisfaction and increased EH, as possible contributors to 

increased body weight. In agreement with the above findings, we also recorded a non-

significant increase in energy intake during the holiday period.

As reported previously, weight change over the winter holidays is highly variable, ranging 

from 0.4 to 0.9 kg3–7, 38, with a modest average gain of 0.5 kg across all studies39. In line 

with this published literature, we observed a similar weight gain of 0.4 kg in obese adults 

during the 57 days of the holiday period. An average adult gains 0.4 to 1.0 kg40 in a year, 

with a daily weight gain of 0.0012 to 0.0027 kg/day. Comparing these with the rate of 

weight changes in our study, our numbers are significantly higher (0.007 kg/day) and thus 

sufficient to contribute to excess weight gain. Studies that included a measure of body 

composition indicate that the weight gain during this period is largely due to fat gain2, with 

pronounced effects in obese individuals7. Interestingly, in our sample fat comprised of only 

25% weight gain, and thus weight change was not attributed to fat gain alone. It is possible 

that a significant increase in energy intake would have resulted in a significant increase in 

body fat. Our data also suggests that body water may have contributed to the holiday weight 

gain. Glycogen, a component of fat free mass, in particular, is hydrated with water41. We 

suspect that daily variation in carbohydrate intake or utilization during the holiday period 

may have resulted in glycogen related water retention, hence weight change. Additionally, 

intestinal contents and fecal water contribute to a large variability in body water42 and may 

have fluctuated with changing eating patterns during the holiday period.

It is worth noting that despite no detectable decline in TEE, participants still gained weight. 

These findings are supported by observational studies where TEE did not predict subsequent 

weight gain6, and regular exercisers were not protected against weight increases during the 

winter holidays7, 43. If energy expenditure was not a contributor to this rise in body weight, 

change in eating patterns likely explains our results. Indeed, eating in a social setting16, 

constant exposure to food cues44, 45 and stress13 influence calorie consumption, all of which 

are likely to occur during the holidays. Though our study participants did not have high-
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stress levels, they visited sit-down restaurants more often during the holiday period than the 

pre-holiday period. We also noted a correlation between this increased frequency of eating 

outside of the home and calorie intake during the holiday period, suggesting this social 

factor to be a contributor to holiday weight gain. Participants also felt less satisfied after an 

energy-dense test meal was consumed at the study center. Moreover, reduced meal 

satisfaction ratings were correlated with a change in body weight. One plausible explanation 

is that excessive exposure to food cues during the holidays, overrides and undermines the 

internal appetite signaling system, making it difficult for people to regulate food intake46, 47. 

Particularly, in potentially social settings like restaurants, external cues extend the decision 

to actively terminate consumption beyond internal satiation. We expected the appetite-

related hormones to reflect these effects, but none of that data supported our theory.

Environmental cues such as sight and smell of food can affect one’s motivational drive to 

eat46. The learned association between the real or anticipated reward value of hedonic foods 

may trigger wanting (drive for food) and liking (pleasantness of food). Consequently, we 

expected that during the time of year when people are surrounded by these high reward 

value foods, we will observe a surge in ratings associated with wanting/liking. Nevertheless, 

we did not observe an increase in wanting and liking for pictures of foods consumed 

frequently during the holiday period, demonstrating that the hedonic value and motivation 

for food does not change during this time. Our inability to show any effects for foods that 

are high in reward value, especially during the holiday period, warrant further investigation 

with larger sample size. This may also reflect possible individual differences in mechanisms 

underlying motivational behavior, or effect of external modulators such as a change in 

temperature, daylight, or social and cultural practices. Future studies investigating such 

individual differences during the holiday period are warranted.

No decrease in objectively measured TEE suggests that altered eating patterns produced 

weight gain during the holiday period. Indeed, we observed a non-significant increase in 

energy intake in our study. Our objective measure of energy intake is the first to potentially 

support the limited self-reported dietary data collected during the holiday period4, 48. While 

we did not track body weight or energy intake over the long-term, studies show that people 

fail to return to baseline body weight after the winter holiday4, 43. Some overfeeding studies 

with a remarkably high energy surplus have demonstrated this phenomenon49, 50. Whether a 

modest energy imbalance of 80 kcal/day during the holiday period in our study will be 

sufficient to trigger compensatory action warrants long-term measurement of energy balance 

components. We speculate that this non-significant increase in daily energy intake may not 

be strong enough to trigger biological compensatory response to lose accrued body weight 

and will contribute to permanent weight gain4, 43.

There were some limitations to our study. First, we were underpowered to detect significant 

increases in energy intake in this modestly sized cohort. With a larger sample size of 

participants in future studies, we expect to observe significant increases in energy intake. 

Second, weight gain within the holiday period was not significant by itself but was only 

significant when compared to the pre-holiday values. There are two possible contributors to 

this challenge that we cannot adjust for. First, we could not randomize the order of the 

periods to control for an order effect, due to the inherent nature of the study. Second, 
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participants were not blinded to the purpose of the experiment because of the timeline and 

measurement. This may have caused them to be more aware of what they were eating and 

could have influenced their energy intake and food choice. To avoid this, future studies 

should measure results over a larger period to blind participants to the study period of 

interest. We also lack physical activity data to show no change in the physical activity 

component of TEE. Additionally, we recognize that due to cultural differences, eating 

patterns in the US during the holiday period may differ from other countries. Thus, our 

findings may not be generalized. Furthermore, while impractical to implement, the data that 

also captured variations in energy expenditure and food intake patterns on Christmas holiday 

would have been ideal. Finally, considering that alcohol intake can significantly add to the 

calorie intake during vacation43, future studies should consider collecting alcohol intake data 

during the holiday period.

Altogether, this study is the first to report on the changes in energy balance components 

during the winter holiday period in obese adults. With no reduction in TEE and a trend in 

increased calorie intake during the holiday period, the latter is likely the major contributor to 

this weight gain. Further, a trend in increased energy intake was most likely influenced by 

disrupted internal satiety signals coupled with external cues in a food cue rich environment. 

These findings may help inform the development of targeted interventions focused on satiety 

control and environmental factors. Further, examining the physiological and neural 

mechanisms involved will give us better insight into holiday weight gain and design 

effective weight loss or weight gain prevention strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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EH Eating-away-from-home

SPAQ Seasonal Pattern Assessment Questionnaire

LFPQ Leeds Foods Preference Questionnaire
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Figure 1. Experimental design
(a) Study protocol for longitudinal study design with 8-week pre-holiday and 8-week 

holiday period. Anthropometric measures, appetite ratings, blood samples, and questionnaire 

data, and DLW administered at visit 1 (V1) and visit 4 (V4). On visit 2 (V2) and visit 5 (V5) 

follow-up urine samples were collected.
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Figure 2. Comparison of probable confounders to energy balance during the holiday period
(a) The Seasonal Pattern Assessment Questionnaire (SPAQ) was used to measure markers of 

Seasonal Affective Disorder (SAD), rated on a total scale of 0 to 24, with higher numbers 

indicating SAD. There were no differences in SPAQ scores between the pre-holiday (V1) 

and the holiday period (V4), indicating no SAD. (b) An average of salivary cortisol samples 

collected on three consecutive weekdays, were not different between the holiday (the week 

following V1) and pre-holiday period (the week following V4), indicating no differences in 

stress levels. *p<0.05. Data are represented as mean ± SEM. A paired t-test was used to 

make the comparisons.

Bhutani et al. Page 15

Int J Obes (Lond). Author manuscript; available in PMC 2020 September 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: Comparison of subjective measures of appetite prior to and in response to a test meal.
Participants rated hunger, fullness, capacity to eat more, and satisfaction on a 10 cm scale. 

Participants were significantly less satisfied (p = 0.02) with their test meal during the holiday 

period (V4 vs V1). There were no differences in hunger, fullness, or capacity between the 

pre-holiday and holiday period. A two-way repeated measure ANOVA was used to make the 

comparisons.
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Figure 4. Changes in energy balance components and effect of eating-away-from-home 
frequency on energy intake during the holiday period
(a) The average number of times per week participants reported eating at sit-down 

restaurants during the pre-holiday period (average of V1, V2, V3) vs the holiday period 

(average of V4, V5, V6). Eating at sit-down restaurants increased (one-tailed, p = 0.03) 

during the holiday period. (b) There was a trending positive correlation (p = 0.05) between 

eating at sit-down restaurants and energy intake over the pre-holiday and the holiday 

periods. Pearson’s correlation was used for this analysis. (c) The changes in energy intake 

and expenditure as measured by collection of doubly labeled water (DLW) during the pre-

holiday (V1) and holiday periods (V4). The total energy expenditure did not differ between 

two periods, while energy intake increased. Data are represented as mean ± SEM. A paired 

t-test was used to make the comparison.

Bhutani et al. Page 17

Int J Obes (Lond). Author manuscript; available in PMC 2020 September 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bhutani et al. Page 18

Table 1.

Changes in anthropometric measures within the pre-holiday and holiday period.

N= 23 Pre-Holiday
(V3-V1)

Holiday
(V6-V3)

P value

Δ Body Weight (kg) −0.86 (± 0.25) 0.41 (± 0.25) 0.018

Δ Fat Mass as % body weight 25% (± 30%) 22% (± 33%) 0.947

Δ Fat Free Mass as % body weight 75% (± 30%) 78% (± 33%) 0.946

Δ Waist Circumference (cm) 0.54 (± 1.38) 0.14 (± 1.38) 0.887

Δ Hip Circumference (cm) −1.17 (± 0.84) 0.14 (± 0.84) 0.444

Δ Systolic Blood Pressure −3.83 (± 1.96) 1.30 (± 1.96) 0.204

Δ Diastolic Blood Pressure −3.70 (± 1.22) 1.74 (± 1.22) 0.037

Values reported as mean ±SEM. Pre-holiday and Holiday period values represent change within the periods (V3-V1 for Preholiday period; V6-V3 
for Holiday period). A paired t-test was used to make the comparisons.
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