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Abstract. Though eating with others is often a social behavior, relationships between social 1 

contexts of eating and nutrient intake have been underexplored. This study evaluates how social 2 

aspects of eating – frequencies of eating meals with others, meals prepared at home, and meals 3 

outside the home – are associated with nutrient intake. Because diet improvement can reduce 4 

complications of diabetes mellitus, we surveyed a multi-ethnic cohort of persons with type 2 5 

diabetes (n=770) about social aspects of diet (based on 24h recalls). Sex-stratified multiple 6 

regression analyses adjusted for confounders assessed the relationship between frequency of 7 

eating with others and nutrient intake (total energy, energy from fat, energy from carbohydrates, 8 

Healthy Eating Index/HEI, Dietary Approaches to Stop Hypertension /DASH score). Although 9 

there was slight variation in men’s versus women’s propensity to share meals, after adjustment 10 

for confounders, there was no consistently significant association between meals with others and 11 

the 5 nutrient intake measures for either men or women. The directions of association between 12 

categories of eating with others and diet quality (HEI and DASH scores) – albeit not significant – 13 

were different for men (positive) and women (mostly negative), which warrants further 14 

investigation. The next analyses estimated nutrient intake associated with meals prepared at 15 

home, and meals consumed outside the home. Analyses indicated that greater meal frequency at 16 

home was associated with significantly better scores on diet quality indices for men (but not 17 

women), while meal frequency outside the home was associated with poorer diet quality and 18 

energy intake for women (but not men). Better measurement of social dimensions of eating may 19 

inform ways to improve nutrition, especially for persons with diabetes for whom diet 20 

improvement can result in better disease outcomes.   21 

Keywords: eating with others; commensality; meal location; social contexts of eating; diet 22 

quality; nutrition disparities by sex; diabetes  23 
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Introduction 24 

Where we eat, which foods we eat, and with whom we eat are important decisions that 25 

shape diet in ways that extend beyond simple fuel for physiological function (Fischler, 2011; 26 

Higgs & Thomas, 2015; Rozin, 1996). Though eating with other people is a fundamentally social 27 

behavior that appears to transcend population subgroups, the relationships between social 28 

contexts of eating and nutrition intake have not been thoroughly explored. Research on food 29 

consumption has clearly linked the volume and types of food consumed with cardiometabolic 30 

conditions such as obesity, hypertension, cardiovascular disease, and diabetes (Ogden, Carroll, 31 

Kit, & Flegal, 2014; Pemberton, et al., 2010). Several decades of research shows the complicated 32 

ways that the presence of others while eating, and the characteristics/ behaviors of eating 33 

partners, can influence the quantity and type of food we eat at meals (Herman, 2015). However, 34 

it is less clear whether and how social aspects of the food environment are then associated with 35 

one’s overall nutrient intake over longer timescales than the eating occasion.  36 

With this in mind, this study sought to examine how two important but understudied 37 

dimensions– where meals are consumed, and the frequency of meals shared with others – might 38 

be associated with macronutrient intake as well as overall nutrient intake quality among at-risk 39 

patients with a medical reason to maintain a healthy diet.  Importantly, we sought to investigate 40 

these questions among a sample of Americans with diabetes mellitus (DM). From 1990 to 2008, 41 

the incidence and prevalence of DM doubled in the United States, with signs of continuing 42 

increases among those with a high school education or less, and among non-Hispanic black and 43 

Hispanic subgroups (Geiss, et al., 2014). Recent estimates suggest that elevated blood glucose 44 

levels accounted for more than $322 billion in health care expenditures in 2012 (Dall, et al., 45 

2014). Diet improvement can reduce complications of this disease. Thus, a better understanding 46 
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of how sociability and other aspects of the food environment may shape nutrient intake and diet 47 

quality may help identify ways to improve health. 48 

Studies of commensal eating have shown that the presence of other people can increase 49 

the volume of food an individual will consume at a given meal, a well-known phenomenon 50 

known as social facilitation (Clendenen, Herman, & Polivy, 1994; de Castro, 1994, 2000; 51 

Herman, 2015). Increased consumption due to social facilitation may be due to lengthening of 52 

mealtime, changes in social norms around eating (Higgs, 2014), modeling behaviors (Cruwys, 53 

Bevelander, & Hermans, 2014), social comparison (Polivy & Pliner, 2014), and/or impression 54 

management (Vartanian, 2014). This phenomenon appears to vary by gender, though it is not 55 

clear whether social facilitation is stronger for men or women. For instance, a food diary study of 56 

French students found that the correlation between volume of food consumed and the number of 57 

persons present was greater for men than for women, though both were positive and significant 58 

(Bellisle, Dalix, & de Castro, 1999). A laboratory study of psychology undergraduate students 59 

using a free-eating paradigm found a suppression effect of eating less with same-gender 60 

strangers, while within mixed-gender stranger pairs, men consumed a greater volume (Salvy, 61 

Jarrin, Paluch, Irfan, & Pliner, 2007). A naturalistic study of college-aged American students 62 

found a stronger association among women in a same-sex group situation (Young, Mizzau, Mai, 63 

Sirisegaram, & Wilson, 2009). In a diary-based nutrient intake study among obese adult women, 64 

Patel and Schlundt (2001) found that there was a stronger association between social eating 65 

settings and fat intake than with carbohydrate.  66 

A smaller and distinct body of research that investigates social structure beyond dyadic or 67 

small-group scenarios concerns the patterning of food choice in larger social networks. This 68 

research has shown that an individual’s food choices over a longer-term timescale can be shaped 69 
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by specific friends and family members (Conklin, et al., 2014; de la Haye, Robins, Mohr, & 70 

Wilson, 2013; M. A. Pachucki, Jacques, & Christakis, 2011; M. C. Pachucki, 2014). However, 71 

hyperdyadic network research on food choice – which provides the advantage of accounting for 72 

the behaviors of multiple socially-tied contacts – generally does not focus upon the dynamics of 73 

the eating occasion. Instead, network research has focused its attentions on documenting 74 

similarities and differences in an individual’s food choices with their network contacts, and 75 

assessing whether there is evidence that homophily and social influence mechanisms may 76 

account for the observed food choices. As a result, whether being socially connected with others 77 

who eat in certain ways over longer timescales affects one’s food choice (as network research 78 

has done) is a different question than whether eating with others at a given meal may shape 79 

nutrient intake (as dyadic and small-group social facilitation research has done).  80 

Food intake is also affected by where meals are consumed. Cross-sectional, nationally-81 

representative nutrition survey data suggest Americans spend less time preparing food at home 82 

than in previous decades, decreasing from roughly 98 minutes per day to 35 minutes from 1965 83 

to 2008. In addition, calories consumed outside the home have increased (L. P. Smith, Ng, & 84 

Popkin, 2013). The patterns vary by socioeconomic status and ethnicity. In US survey data from 85 

2007-08, low socioeconomic status (SES) individuals were less likely than those of higher SES 86 

to prepare foods at home, and black and Hispanic households were less likely than white 87 

households to prepare food at home (Virudachalam, Long, Harhay, Polsky, & Feudtner, 2014).  88 

Research on food consumed outside the home has shown that Americans spent 50.1% of 89 

their overall food dollars on food away from home in 2014, up from 43% in 1990, and more than 90 

twice the percentage of expenditures (23.8%) in 1948 ((ERS), 2016). Individuals tend to 91 

underestimate fat, energy, and sodium intake in foods that come from commercially-prepared 92 
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settings; such foods tend to be more calorically dense and of larger portion size (Story, 93 

Kaphingst, Robinson-O'Brien, & Glanz, 2008). Evidence suggests that the trend towards more 94 

meals eaten outside the home extends beyond the US, with similar findings from cohorts in 95 

Europe (Myhre, Loken, Wandel, & Andersen, 2014; Orfanos, et al., 2007), and Australia (Burns, 96 

Jackson, Gibbons, & Stoney, 2002).  97 

There is also considerable variation in how and why people eat out of the home and in the 98 

home, and what these behaviors mean to different people. For instance, eating out may be for 99 

reasons of convenience, celebrating a special occasion, or for sociability – yet eating out for 100 

women is increasingly for purposes of sociability (Paddock, Warde, & Whillans, 2017). Women 101 

also eat less frequently outside the home than men (Kant & Graubard, 2004; Lund, Kjaernes, & 102 

Holm, 2017), and spend proportionately less than men, whether married, divorced, or never 103 

married (Kroshus, 2008). Although there were no statistically significant gender differences in 104 

HEI or energy intake in a study of 2003-04 NHAHES meals consumed away from home, each 105 

additional meal consumed away from home was associated with a 2.1-point reduction in HEI 106 

score for women, and a 1.9-point reduction in HEI score for men (Mancino, Todd, & Lin, 2009).  107 

Examination of this research prompts several observations. First, a rigorous nutrient 108 

intake protocol has not been used to examine whether propensity to eat meals with others is 109 

associated with overall diet quality, nor whether this association varies between men and women 110 

in a large sample. Put another way, a great deal of laboratory and small-group research on social 111 

facilitation has shown evidence of a social correlation wherein an increase in the number of meal 112 

partners tends to be positively associated with food or nutrient intake when measured at the 113 

occasion of a meal. However, it is not clear that there is a longer-term effect of this social 114 

correlation wherein it translates to adverse nutrient intake over a greater span of time than a 115 
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meal. There has also been relatively little research to compare the relative contributions to 116 

nutrient intake of meals prepared at home versus meals consumed outside the home in the 117 

context of the same study, nor how this nutrient intake may vary for men and women. Knowing 118 

more about how these aspects of eating are socially patterned may provide important information 119 

to improve the likelihood of success in modifying eating behaviors.  120 

Prior research on social facilitation leads us to hypothesize that individuals who report a 121 

greater frequency of meals with others will also report greater energy intake (H1), though it is 122 

likely that this pattern is not linear. Social facilitation at the timescale of the meal occasion has 123 

been found to occur with as few as one eating partner and follows a power-law distribution (de 124 

Castro & Brewer, 1992). This comports with limited network research – notably, based on 125 

average prior-month food consumption – that suggests that those with poorer overall diet quality 126 

(often associated with greater caloric intake) also have a greater network size (M. A. Pachucki, et 127 

al., 2011).  128 

A second hypothesis (H2) is that, after adjusting for the above expectation of increased 129 

energy intake and socio-demographic confounders, meals with others will remain associated with 130 

nutrient intake and diet quality. It is unclear from prior research whether this association will be 131 

stronger among men or women, though the association between meals with others and calories 132 

from fat is likely to be greater than the association between meals with others and calories from 133 

carbohydrate.  134 

Finally, nationally-representative studies on meals prepared at home and eating outside 135 

the home prompt a third hypothesis that, generally speaking, eating more meals prepared at home 136 

will be associated with healthier nutrient intake, while eating more meals outside the home will 137 

be associated with poorer nutrient intake (H3). However, given clearly gendered divisions of 138 
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labor in food preparation in the home, and research that shows that meanings of eating outside 139 

the home differ for men and women, we predict there to be differences in the magnitude of these 140 

associations. Diet quality is especially important among adults with Type 2 diabetes, and 141 

understanding how to promote a healthy diet is of special importance for this population. Thus, 142 

the current study is conducted with a sample of adults diagnosed with this chronic condition. 143 

 144 

Material and Methods 145 

The study was conducted among participants in the Diabetes Study of Northern 146 

California (DISTANCE). The DISTANCE cohort consists of an ethnically-stratified group of 147 

members from the Kaiser Permanente Northern California (KPNC) managed health care 148 

organization with diabetes (n=20,188) who were randomly selected in 2005 from the Kaiser 149 

Permanente Diabetes registry. The main purpose of this parent study was to understand social 150 

disparities in health. Participants provided information about their health status, behaviors, and 151 

socio-demographic background in an extensive survey (Moffet, et al., 2009).  This study has 152 

yielded many insights, including links between cardiometabolic risk and neighborhood 153 

deprivation (Laraia, et al., 2012; Stoddard, et al., 2013), racial and ethnic differences in the link 154 

between obesity and healthful food environments (Jones-Smith, et al., 2013), and associations 155 

between socioeconomic status position and hypoglycemia risk (Berkowitz, et al., 2014).  156 

In 2011, an ancillary study was conducted among a subset of DISTANCE respondents; 157 

the emphasis of this new study was understanding how nutrition and the food environment were 158 

associated with participant health. Eligibility criteria included current KPNC membership, being 159 

an English speaker and living in a Metropolitan Statistical Area. Invitation letters were sent to 160 

1,500 eligible subjects during 2011 and 2012 to gauge their interest in taking part. A total of 770 161 



[Eating with others and meal location are differentially associated with nutrient intake by sex] 

 8 

participants then completed the study via telephone survey for a response rate of 56.6%, after 162 

accounting for eligibility and people who were unable to be contacted (Research, 2008). All 163 

study protocols were approved by [Redacted for Review] Institutional Review Board Human 164 

Subjects Committees. 165 

In addition to a written survey, participants also completed two interviewer assisted 24-166 

hour dietary recalls (one weekday, one weekend) over the phone using the Nutrition Data System 167 

for Research software developed at the University of Minnesota Nutrition Coordinating Center 168 

(NCC) (Feskanich, Sielaff, Chong, & Buzzard, 1989; Sievert, Schakel, & Buzzard, 1989). 169 

Information on the nutrient content of food items was then transformed into estimates of nutrient 170 

intake using a food item database maintained by NCC and aggregated into average single-day 171 

estimates of nutrient intake using the both days of intake data. There is considerable discussion 172 

about best methods for assessing nutrient intake (for instance, 24-hour recall, food diaries, food 173 

frequency questionnaires, doubly-labeled water) and much progress in assessing validity and 174 

reliability of these methods (Willett, 2013). While no approach is perfect (Dhurandhar, et al., 175 

2015; Shim, Oh, & Kim, 2014), given the ancillary study sample size and the choice to 176 

administer it via telephone survey, a validated 24-hour dietary recall approach was assessed to be 177 

the most appropriate (F. E. Thompson, et al., 2015). 178 

  179 

Outcome measures 180 

The outcomes of interest included nutrient intake measures derived from the dietary 181 

recall and included estimates of percentage of daily energy intake from fat, percentage of daily 182 

energy intake from carbohydrate and total energy (kilocalories). These particular measures are 183 

especially relevant to a population of persons with diabetes because energy and nutrient 184 
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management of carbohydrate and fat are key parts of a type 2 diabetes control strategy. The main 185 

diet quality measures were derived from reported food intake and were the Healthy Eating Index-186 

2010 (HEI) score and the Dietary Approaches to Stop Hypertension (DASH) score.  187 

The HEI was developed by the US Department of Agriculture to measure compliance 188 

with national nutrition guidelines, and monitor change in American diets (Kennedy, Ohls, 189 

Carlson, & Fleming, 1995). The HEI-2010 has 12 components, including 9 adequacy 190 

components (whole fruit, total fruit, whole grains, dairy, total protein foods, seafood & plant 191 

proteins, greens & beans, total vegetables, fatty acids) and 3 moderation components (refined 192 

grains, sodium, empty calories). The HEI-2010 conforms to the most recent Dietary Guidelines 193 

for Americans and is assessed on a 100-point scale (Guenther, et al., 2013). 194 

 The DASH (Dietary Approaches to Stop Hypertension) diet, assessed on a 40-point 195 

scale, was developed as part of an intervention to reduce blood pressure. Higher scores reflect 196 

high intake of fruits and vegetables, moderate intake of low-fat dairy, low intake of animal 197 

protein, and high intake of plant-based proteins (Appel, et al., 1997). 198 

 199 

Exposures 200 

Three eating behaviors related to eating were examined as social exposures relevant to 201 

the dietary outcomes:  202 

(1) Meals with others was indicated by a summary measure that assessed the frequency 203 

with which an individual reported eating a meal with one of seven types of social relations. 204 

Participants were asked, “Over the course of the last seven days, how many times have you 205 

shared a meal with the following people?” and separate questions queried frequency of meals 206 

consumed with others (open response) with family members, spouse/partner, co-worker, friend, 207 
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sibling, neighbor, or other type of meal partner. As our interest was in the volume of eating at a 208 

table with different persons who were socially connected to a participant, we summed these 209 

frequencies to provide a rough estimate of the number of meals with others per week. It should 210 

be noted that because we treated individuals, rather than meals, as the unit of analysis, it is 211 

possible that if a given participant reported 4 meals consumed with neighbors and 8 meals 212 

consumed with friends, that both friends and neighbors could have been both present at some 213 

proportion of those meals. Thus, while this measure overestimates the absolute number of meals 214 

consumed with others as opposed to by oneself, it provides an individual-level measure of the 215 

extent of meal-based sociability. 216 

(2) Meals prepared at home, assessed the extent to which an individual consumed food 217 

prepared by someone in their home. Participants were asked, “How many meals per week do you 218 

eat that have been prepared at home (meaning food that has put together and cooked yourself 219 

(or by someone else in the household) and has not been pre-prepared/take out/fast food)?” 220 

Separate questions were asked for breakfast, lunch, and dinner, (each between 0-7 times per 221 

week), and responses were summed to estimate the number of meals prepared at home per week.  222 

(3) Meals eaten out, measured the response to the question “In an average [select: week 223 

or month], how many times do you eat [select: breakfast/lunch/supper] from a restaurant or 224 

cafeteria?” After gathering information for frequencies of each type of meal eaten out per week 225 

or month, responses were summed to estimate the number of meals eaten out per month. We 226 

determined this periodicity to be more appropriate than the weekly measure of meals prepared at 227 

home. 228 

 229 

Confounding variables 230 
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Since eating behaviors vary by demographic and socioeconomic attributes, we adjusted 231 

for possible confounders of the relationship between social food behaviors and nutrient intake. 232 

Demographic measures included age (continuous), biological sex (binary; participants did not 233 

report on gender identity), and race (categorical: Caucasian, African American, Latino, Asian, 234 

Other). Socioeconomic attributes included income (a 13-level categorical variable transformed to 235 

a continuous measure using the median of each category), education (did not complete high 236 

school, high school graduate/GED/trade school, Associate degree, College graduate, Post-237 

graduate), and subjective social status (a visual instrument asking participants to rank themselves 238 

on one of 10 rungs of a ladder according to their perception of their relative socioeconomic 239 

status) (Adler, E, G, & J, 2000). Finally, two control variables were included: total calories (kcal) 240 

and household size, the first because mealtime sociability is often associated with an increased 241 

volume of food consumption. A continuous measure of members in the household was included 242 

to accompany household income because the relationships between outcomes (nutrient intake) 243 

and exposures (social food behaviors) may be confounded by household size. 244 

  245 

Analysis strategy 246 

After tabulating patient characteristics, we calculated bivariate associations between 247 

eating behavior measures and the three main exposures using appropriate non-parametric tests of 248 

association. A series of multiple linear regressions were specified to estimate the relationship 249 

between each macronutrient or diet index (outcome) with the frequency of meals with others 250 

(exposure). Due to a non-linear distribution of meals with others, the continuous covariate was 251 

transformed to a categorical variable (0 weekly meals with others, 1-6, 7-13, 14-20, >21). The 252 

modal category was >21 meals with others/week (n=186 persons, 24.2%); this subset of 253 
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participants ate nearly all meals with at least one other person. In addition, in this population 254 

with diabetes, individuals may have a greater number of small meal occasions per day as part of 255 

disease management.  256 

A second series of regressions estimated the relationship between each macronutrient or 257 

diet index (outcome) with the frequencies of meals prepared at home or eaten outside the home 258 

(exposures).  Due to a similar non-linear distribution of exposures, we transformed continuous 259 

meals at home to a categorical variable (0 meals weekly, 1-3, 14-20, >21); monthly meals 260 

outside the home was transformed slightly differently due to lower monthly frequency (0 meals, 261 

1-4 meals, 4-11 meals, >11 meals). The largest group of participants (n=254 persons, 33%) 262 

consumed more than 11 meals/week outside the home, and the modal category of meals prepared 263 

at home was 14-20 meals/week at home (n=252 persons, 32.7%). Further information on the 264 

participant distribution across meal location categories is reported in Figures 2-3 in the 265 

Supplemental Data. 266 

We used multivariable linear regression analyses to estimate the association between 267 

measures of nutrient intake (energy, % of energy from fat, % of energy from carbohydrate, HEI-268 

2010, DASH) and frequency of meals with others while adjusting for socio-demographic 269 

confounders. In analyses for total energy, we used a natural log transformation due to a non-270 

normal distribution of the outcome. Observations with missing measurements were removed 271 

from the analysis rather than imputing missing covariate data (complete case analysis).  272 

We estimated robust standard errors in all regression analyses to correct for model 273 

misspecification due to heteroskedasticity. Analyses were performed using Stata version 15 274 

(StataCorp, 2017). 275 
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 Findings from research on biological sex and gender differences in commensal eating 276 

prompted us to examine associations between nutrient intake and diet quality with the social food 277 

behaviors separately for males and females. Prior research on social facilitation suggests that 278 

there may be some effect modification by sex, but it is not clear whether the effects will be 279 

stronger for males or females. Interaction terms between meals with others and sex in adjusted 280 

regression models for diet quality (HEI and DASH scores) outcomes were significant, while 281 

those for the other outcomes were not. Taken together, these diagnostic tests lent support to the 282 

decision to stratify analyses by sex.     283 

 284 

Results  285 

Sample characteristics 286 

Participants had a mean age of 63.3 years with slightly more women (52.9%) than men, 287 

and, because of the race-stratified sampling, had relatively balanced proportions of Caucasian, 288 

African American, Latino, and Asian participants (Table 1). The age of this cohort reflects the 289 

purpose of the ancillary study, to study the nutritional landscape of persons with type 2 diabetes, 290 

which has the highest prevalence among individuals ages 45 to 64 (Prevention, 2017). The 291 

majority of participants (64%) were married, and the sample had an average household income 292 

of approximately $67,200 per year; the modal category of educational attainment among 293 

participants (42%) was a high school degree. Participants perceived themselves to be slightly 294 

above the midpoint of the subjective socioeconomic status distribution and the average 295 

household size was 2.67 persons, including the respondent. In terms of social food behaviors, 296 

participants reported an average of 13 meals with others per week. In a typical week, slightly 297 

more than half of meals were prepared at home, while in a typical month roughly a tenth of 298 



[Eating with others and meal location are differentially associated with nutrient intake by sex] 

 14 

meals were consumed outside the home. There were some missing data on income (n=102, 299 

13.2%) and subjective social status (n=54, 7.0%), with a smaller amount missing on race (n=22, 300 

2.9%), education (n=9, 1.2%), household size (n=4, 0.5%), and total energy, energy from fat, 301 

energy from carbohydrates, and DASH score (n=8, 1.0%). Men and women were significantly 302 

different in terms of nutrient intake, diet quality, and meals eaten outside the home each month, 303 

as well as race, marital status, income, and educational attainment.  304 

The distribution of meals with others (not reported in Table 1) was 36% with family 305 

members; 30% with spouse/partners; 14.5% with friends; 11.1% with co-workers; 7.1% with 306 

siblings; and 1.4% with neighbors. This roughly comports with research by Sobal and Nelson 307 

(2003), who suggest that among adults, commensal meals are more often shared with 308 

partner/spouse and family/children than others (co-workers, others). Other research, albeit 309 

among younger cohorts, shows that individuals tend to eat frequently with family and friends 310 

(e.g., de Castro, 1994; Herman, Roth, & Polivy, 2003).   311 

  312 

[Insert Table 1. “Socio-demographic characteristics, social food behaviors, nutrient intake” about 313 

here] 314 

  315 

Bivariate association between social food behaviors, nutrient outcomes, and sample 316 

characteristics 317 

Eating more meals with others (our first social food behavior) was significantly 318 

associated with greater intake of total energy and better diet quality, according to one of our 319 

indices (HEI-2010), but not energy from fat or carbohydrate, nor DASH diet score (Table 2). 320 

This provides preliminary support for the first hypothesis about energy intake; when we further 321 



[Eating with others and meal location are differentially associated with nutrient intake by sex] 

 15 

stratified by sex, this positive correlation between frequency of meals with others and energy 322 

intake appeared to be largely driven among women (! =0.17, p<0.001), while there was no 323 

significant association for men (! = 0.03, p=0.58).  324 

Because investigation of these social aspects of eating behaviors is somewhat less 325 

common in studies of nutrient intake, we also report on associations between exposures and 326 

confounders to examine socioeconomic and demographic variation. The frequency of meals with 327 

others did not significantly vary by age, sex, education, or subjective social status. Differences in 328 

race/ethnicity, marital status, income, and household size, however, were significantly associated 329 

with meals with others. Greater household size, higher income, and being married were 330 

associated with more meals with others. Caucasian and Asian respondents reported the most 331 

weekly meals with others, while African American respondents reported the fewest meals with 332 

others.  333 

 Participant consumption of meals prepared at home (second social food behavior) was 334 

positively associated with higher HEI-2010 score, DASH score, and energy from carbohydrate, 335 

and negatively associated with total energy and energy from fat. The crude associations between 336 

meals prepared at home and age, sex, race, income, education or subjective social status were not 337 

statistically significant. Differences in marital status and household size were both significantly 338 

associated with frequency of meals prepared at home. 339 

 Eating more meals outside the home (third social food behavior) was associated with 340 

significantly higher consumption of total energy and energy from fat, significantly lower energy 341 

from carbohydrate, and lower diet quality on both indices, and significant differences in all 342 

demographic and socioeconomic variables except household size.  343 

 344 
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[Insert Table 2. “Bivariate associations between social food behaviors, nutrient outcomes, and 345 

sample characteristics”, about here] 346 

 347 

Although our primary goal is ultimately to assess how each of the social exposures are related to 348 

nutrient intake, it is useful to examine the relationship between these exposures. As a linear fit 349 

plot illustrates (Figure 1a), women who report eating more meals with others each week tend to 350 

eat more meals outside the home; in contrast, men who eat more meals with others tend to eat 351 

fewer meals outside the home. For men, the Pearson correlation between meals with others and 352 

eating out is ! = -0.07, and for women is ! = 0.12. Separately, there is a positive relationship 353 

between eating meals at home and eating meals with others for both men and women (Figure 354 

1b). For men, the Pearson correlation between meals with others and eating out is ! = 0.20, and 355 

for women is ! = 0.18. These associations suggest that men and women may vary in terms of the 356 

extent of sociability they engage in with others when eating outside the home. 357 

 358 

[Insert Figure 1. “Linear association of ‘meals out’ (panel a) and ‘meals prepared at home’ (panel 359 

b) by meals consumed with others”, about here] 360 

 361 

Association between nutrient intake and meals with others  362 

After adjusting for socioeconomic and demographic factors we found no clear or 363 

consistent evidence that meals with others was significantly associated with nutrient intake for 364 

men or women. However, among women, eating most of one’s meals with others (in the 365 

category of “>21 meals per week”) was marginally associated with poorer diet quality on the 366 

HEI-2010 measure relative to women who ate no meals with others (Table 3). A broader (albeit 367 
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nonsignificant) trend observed between meals with others and both HEI and DASH diet quality 368 

outcomes is that men have a largely positive linear gradient between frequency of meals with 369 

others and diet quality, suggesting that men’s diet quality may benefit from meals with others. 370 

Women, on the other hand, demonstrate a nonlinear gradient, wherein relative to those who 371 

report no meals with others each week, women reporting 7-13 meals with others/week have the 372 

smallest magnitude of association with diet quality scores. This pattern is striking because the 373 

gradient-like trends – though only suggestive – are in completely opposite directions for men 374 

(positive) and women (negative). It is worth noting that those who eat all meals alone may be an 375 

unusual group and possibly socially isolated. Though according to a 2006-08 study by the US 376 

Bureau of Labor Statistics American Time Use Survey, in one-person households, 71% of meals 377 

were consumed alone, while in multi-person households, 27% of meals were alone (Hamrick, 378 

Andrews, Guthrie, Hopkins, & McClelland, 2011). In addition, as Yates and Warde (2017) 379 

recently pointed out in a study of social contexts of eating alone in British households, due to a 380 

rise in single-person households during the last half-century in Britain, nearly 30% of meals 381 

– and especially breakfasts and lunches – were eaten by oneself. Because of this uncertainty, an 382 

alternate set of analyses that specified a different reference category (1-6 meals per week instead 383 

of 0) showed similarly little association between meals with others and nutrient intake (analyses 384 

available from corresponding author).  385 

 386 

[Insert Table 3. “Association between nutrient intake and meals with others, stratified by sex”]   387 

 388 

Association between nutrient intake and meal locations  389 
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Stratified adjusted linear regression models found that the proportion of meals consumed 390 

in the home was associated with a stepwise improvement in diet among men. Compared to men 391 

who ate no meals prepared at home, having 14-20 meals at home (at least 2 daily) was associated 392 

with three percent less energy from fat, a 6.8 point greater HEI score and 3 points greater on the 393 

DASH score, while those in the category of consuming more than 21 meals at home (at least 3 394 

daily) had 4.5% less energy from fat, a 9-point greater HEI score and 3.5 points greater DASH 395 

score. Diet quality among men was not significantly associated with monthly meals consumed 396 

outside the home. Alternate analyses with an alternate reference category (1-13 weekly meals at 397 

home, and 1-4 monthly meals outside the home) had results similar to the original model 398 

specification of “no meals prepared at home” and “no outside meals” as reference categories 399 

(analyses available from corresponding author). 400 

Similar to men, the number of meals consumed at home by women (relative to a 401 

reference category of 0 meals at home) was associated with lower intake of energy from fat but 402 

only at the highest level of meals prepared at home (>21 meals week). However, meals prepared 403 

at home did not appear to be associated with energy from carbohydrates, total calories, or either 404 

diet quality measure (Table 4). Women who most frequently ate outside the home (more than 11 405 

times per month) consumed significantly more energy from fat (2.9% more), more total calories 406 

(nearly 34% more), and had a nearly 9-point lower HEI score and almost 4-point lower DASH 407 

score relative to women who ate no meals out. 408 

    409 

 410 

[Insert Table 4. “Association between meal location and overall diet quality, stratified by sex”, 411 

about here.] 412 
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 413 

Discussion  414 

 It is already known that where meals are consumed and the extent to which one eats 415 

meals with others may affect food choice. In this study, we sought to go further and measure 416 

whether these important social aspects of eating were also then associated with nutrient intake 417 

using a validated diet recall protocol in a multiethnic sample of Americans with diabetes. Our 418 

first hypothesis was that the frequency of meals with others would be positively associated with 419 

caloric intake, and a second hypothesis was that meals with others would also be associated with 420 

diet quality. Indeed, increased caloric intake was associated with a greater frequency of meals 421 

with others in unadjusted bivariate analyses, but after stratifying by sex, this correlation was only 422 

significant for women. However, contrary to expectations, after adjusting for confounders neither 423 

men’s nor women’s frequency of meals with others was significantly associated with their 424 

nutrient intake.  425 

Given that effects of social facilitation have been consistently found to predict increased 426 

energy intake in humans, this null finding was surprising. Several factors may explain the 427 

disconnect between this finding with the bulk of research on social facilitation. For one, the 428 

focus of the majority of commensality research has been the occasion of the meal; this study 429 

expands the scope of study beyond the single meal occasion to a retrospective report on a set of 430 

meals consumed with others during an average week. It is plausible that short-term social 431 

facilitation effects observed at a given mealtime vary considerably meal-to-meal, and are thus 432 

obscured in measures of nutrient intake observed over longer spans of time.  433 

Given the relatively large sample size of this population study, we were able to adjust for 434 

a variety of possible confounders in the relationship between meals with others and nutrient 435 
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intake. This benefit of including more information about an individual’s social context is not 436 

always a possibility in smaller studies, and may also help to explain how some of the modest 437 

bivariate association between an individual’s meals with others with measures of nutrient intake 438 

(energy and diet quality) becomes further attenuated when including additional confounders. It is 439 

also worth noting that the average age of respondents in this study, 63, was considerably older 440 

than the majority of research on social facilitation, which tends to skew younger and involve 441 

college-age samples. In a sensitivity analysis, we tested whether age moderated the association 442 

between meals with others and nutrient intake; there was no evidence for this. Still, this points to 443 

the fact that research on social facilitation has not yet systematically established how this 444 

phenomenon may vary over the life course. 445 

There are other suggestive trends that warrant further investigation. Although it was not 446 

significant, the magnitude of association across men’s categories of meals with others suggests a 447 

positive gradient with diet quality (in terms of both HEI and DASH scores). Among women, on 448 

the other hand, there were signs of a negative and nonlinear gradient between diet quality and 449 

eating meals with others. A separate component of the second hypothesis was that, following 450 

Patel & Schlundt (2001), the association between meals with others and calories from fat was 451 

likely to be greater than the association between meals with others and calories from 452 

carbohydrate. Given that there was no evidence of a significant association between meals with 453 

others and calories from fat or carbohydrate, there is not support for this proposition. However, 454 

despite a lack of significance, the direction and magnitude of these associations were largely 455 

consistent in that there tended to be a positive association between meals with others and calories 456 

from fat, and a negative association between meals with others and calories from carbohydrate. 457 
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Additional study in other population samples could further explore if men and women derive 458 

different nutritional benefits from eating with others over timescales beyond the meal occasion.  459 

 An additional set of analyses sought to test a third hypothesis of a positive relationship 460 

between meals prepared at home and nutrient intake, coupled with a negative relationship 461 

between meals outside the home and intake. An important strength of these analyses was that 462 

separate measures of meals prepared at home and meals consumed outside the home enabled us 463 

to adjust for one while holding levels of the other constant. There was partial support for this 464 

hypothesis; we indeed found that nutrient intake varied according to the number of meals 465 

prepared at home as well as outside the home, but these associations varied significantly by sex. 466 

Specifically, for men, eating more meals prepared at home was significantly and monotonically 467 

associated with a better diet as measured by lower fat intake and meaningfully higher scores on 468 

both HEI-2010 and DASH diet quality scores, while eating meals away from home was not 469 

associated with dietary indicators. Conversely, for women, eating meals prepared at home did 470 

not appear to be associated with diet quality but eating meals away from home was associated 471 

with a lower quality diet, especially when eating out often.  These analyses suggest that meals 472 

prepared at home may be protective for male diet quality, whereas, women’s diet quality may be 473 

more vulnerable to meals consumed outside the home with no commensurate benefit for cooking 474 

at home.  475 

Our findings with respect to men and women are complementary but not consistent with 476 

each other, and different mechanisms may explain differential returns to nutrient intake by sex. 477 

Given prior research showing negative ramifications to diet from excessive food consumed 478 

outside the home, it was surprising that only the diet quality of women was negatively associated 479 

with meals out and that only the diet quality of men was positively associated with meals 480 
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prepared at home. Mechanisms that might explain the outcome span a gendered division of 481 

labor; whether meals consumed outside the home were taken in company or alone; possible 482 

differences in family member schedules; and intentionality of the food preparer, among others. 483 

This study is better positioned to document these differences than to explain them. For instance, 484 

research on sex and gender differences in the household division of labor suggests that although 485 

men’s share of time spent cooking has more than doubled during the last 50 years, a significant 486 

gender gap remains (Flagg, Sen, Kilgore, & Locher, 2014; L. P. Smith, et al., 2013). This gender 487 

gap is also present in the present analytic sample. A separate survey question asked participants 488 

where they obtain ideas for cooking, to which 92% of the sample (n=710) responded. Of those 489 

who responded with the answer, “I don’t cook” (16%, n=114), 82% were men (n=93) and 18% 490 

were women (n=21). Given this is an older-skewing population of individuals with diabetes, the 491 

increase in men’s diet quality associated with more meals at home suggests that their diet quality 492 

is likely benefiting disproportionately from someone cooking for them. 493 

Whether meals consumed outside the home were taken in company or alone is important 494 

information that future research could help to clarify in terms of the observed sex difference in 495 

nutrient intake by meal location. Analysis of the crude association between meal location and 496 

frequency of eating suggests that women who report more meals with others also eat out more, 497 

whereas there is an inverse association for men. Although we cannot assess the reasons why 498 

study participants reported eating food outside the home, if as Paddock, Warde, Whillans (2017) 499 

suggest, women tend to eat outside the home more for reasons of sociability, and because women 500 

may be more likely to eat out in groups than men, then social facilitation may help to explain 501 

why women have poorer diet quality (HEI-2010) scores. This explanation does not, however, 502 

address why men’s HEI-2010 score would demonstrate a significant positive gradient with meals 503 
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prepared at home, while women’s HEI-2010 score would show no significant association or 504 

trend. Further research on the interaction of eating out, meal preparation in the home, and the 505 

attributes of meal partners with whom individuals eat meals may help to illuminate these 506 

processes.  507 

There are limitations to what can be inferred from this study. The measure of commensal 508 

eating we used was designed to probe participants’ recall of meals consumed with others during 509 

the prior week with specific types of social relations. There was adequate variation in the 510 

frequency of meals with others by sex to test hypotheses about nutrient intake. The findings of 511 

positive bivariate associations of meals with others with energy intake volume comport with 512 

findings of a wide range of laboratory-based and free-living commensality studies. However, due 513 

to the imprecision of the measurement, we cannot distinguish whether a participant who reported 514 

a meal consumed with a spouse and also a meal consumed with a neighbor was, in fact, referring 515 

to the same meal. Thus, while the measure indicates the relative extent of commensality within 516 

the sample of respondents, a respondent’s answer likely overestimates the absolute number of 517 

meals consumed with others per week.  518 

Although the study sample was comprised of adults with diabetes, the overall diet quality 519 

of participants who contributed to this study was similar, and slightly better than that of the 520 

overall American population. The average participant HEI-2010 score (µ=65.7) was higher than 521 

recently available nationally-representative diet data based on HEI-2005 data (µ40-59 years=57.0, 522 

µ60+ years=63.8, using NHANES 1999-2002 data)(Ervin, 2011). This somewhat better diet than 523 

the average American may be due to the fact that participants in this sample received 524 

considerable health education about diet. Average participant accordance with the DASH diet 525 

(µ=23.7) was also slightly higher than recently available nationally-representative diet data 526 
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(µ=20.7, using NHANES 2001-2002 data) (Monsivais, Rehm, & Drewnowski, 2013), but still 527 

relatively low (the upper limit of the scale is 40). However, given that these nationally-528 

representative data are more than 15 years old, comparisons should be interpreted with caution.  529 

Knowing more information about attributes of an individual’s eating partners may benefit 530 

future population-scale research in terms of assessing how an individual’s multiple eating 531 

partners reinforce healthy or unhealthy eating habits. For instance, given that individuals with 532 

lower socioeconomic status tend to have unhealthier diet, and given propensities for individuals 533 

to build social networks with those who are similar to them (Marsden, 1987; J. A. Smith, 534 

McPherson, & Smith-Lovin, 2014), it may be that social networks reinforce unhealthy eating 535 

more so among low-SES individuals, and networks reinforce healthy eating more among high-536 

SES individuals. Although some research shows that individuals with more education tend to 537 

have a greater diversity of social ties (Marsden, 1987), the propensity for individuals to mate 538 

with those of similar education may be, in fact, greater for those who are more educated 539 

(Skopek, Schulz, & Blossfeld, 2010). Thus, there may be greater reinforcement of eating 540 

behaviors – healthy or unhealthy – within high-SES individuals’ social networks. As J. A. Smith, 541 

et al. (2014) relay, however, there is variation among multiple forms of similarity within one’s 542 

network contacts; educational homophily tends to be weaker than race or religious homophily, 543 

and so these multiple traits of network contacts could be accounted for and tested in models 544 

estimating network effects on nutrient intake. 545 

No causal inferences can be made due to the cross-sectional design of this study. Future 546 

research that integrates measurement of commensality with a longitudinal design would be 547 

beneficial to evaluate how different aspects of mealtime sociability change over time, as well as 548 

how these changes may shape diet quality, food choices, and other cardiometabolic risk factors.  549 
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Given the lack of prior research on commensality and nutrient intake, our aims were to evaluate 550 

multiple associations between sociability propensity and different types of nutrient intake 551 

including several common nutrient measures (% energy from fat, % energy from carbohydrate, 552 

and total energy) and indices of diet quality (HEI, DASH scores). We chose not to adjust 553 

regression estimates for multiple hypothesis tests because of the known tradeoff of Bonferroni 554 

(or other similar corrections) between Type 1 and Type 2 errors (Gelman, Hill, & Yajima, 2012). 555 

While we do discuss common trends, we remain conservative and do not give special emphasis 556 

to discussion of associations above conventional levels of significance (p>0.05). Given the 557 

robust and productive debate across epidemiological and social scientific fields about the 558 

“multiple comparison problem”, “p-hacking”, and errors of “Type S”(sign) and “Type 559 

M”(magnitude) in observational data (Gelman, et al., 2012; Goeman & Solari, 2014; J. R. 560 

Thompson, 1998), this is a design decision that future work may address through study pre-561 

registration, statistical approaches such as Bayesian or multi-level modeling, and testing 562 

hypotheses in an experimental framework.  563 

 Finally, individuals who were missing complete covariate information were omitted from 564 

analyses. Scrutiny of those who were omitted suggest that omitted men consumed less energy 565 

from fat and carbohydrate, and had fewer meals with others. Women who were omitted also 566 

consumed less energy from fat and carbohydrate, as well as had lower total energy intake. 567 

Speculatively, if men who are omitted tend to have fewer meals with others than those included 568 

in the analyses, it could be that the true association between meals with others and diet quality 569 

might be more positively biased. If this analysis under-represents those women who eat out less, 570 

the true association between women who report fewer meals out and their diet quality may have 571 

a positive bias as well, although the other categories of eating out suggest that the magnitude 572 
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would still be negative. This said, neither men nor women had significant differences in overall 573 

diet (HEI, DASH) between those who were included and omitted.  574 

In conclusion, we found, surprisingly, that there was no significant association between 575 

the frequency of eating meals with others and nutrient intake for either men or women after 576 

adjusting for a wide range of known confounders, though there were some suggestive differences 577 

in this association by sex that warrant further study. Eating more meals outside the home or 578 

eating meals prepared at home may have different ramifications for diet quality depending upon 579 

the sex of the eater. Findings indicate that men’s diet quality may benefit from consuming more 580 

meals prepared at home (net of meals eaten outside the home), and that women’s diet quality 581 

may be adversely harmed by meals outside the home (net of meals prepared at home). Future 582 

research should continue to evaluate the mechanisms that contribute to the association between 583 

these social aspects of eating environments and diet quality. In future population research on this 584 

topic, it may be especially worthwhile to incorporate additional information about eating partners 585 

(as network research endeavors to do), as well as information on meal occasions (as small-group 586 

research on social facilitation has traditionally done). This type of synthetic approach to 587 

evaluating such mechanisms may offer useful means for targeted recommendations to bolster 588 

health-promoting eating behaviors and inhibiting risk-promoting behaviors among persons with 589 

type 2 diabetes and in the general population as well.  590 
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Figure 1. (a) Bivariate linear association of meals out, by meals consumed with others. (b) Linear 772 

association of meals at home, by meals consumed with others. 773 
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