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Abstract

Puerto Ricans have high prevalence of obesity, yet little information is available regarding its 

association with eating patterns in this population. We hypothesized that higher eating frequency 

and skipping breakfast would be associated with increased odds of abdominal obesity among 

adults living in Puerto Rico (PR). In a cross-sectional study of adults living in PR aged 30–75y old 

(n=310), participants reported their frequency of eating meals per day, including snacks and 

breakfast. Trained interviewers measured waist (WC) and hip circumferences. We calculated the 

waist-to-hip ratio (WHR) dividing the waist by the hip measurement. Abdominal obesity was 

defined as either high WC (men≥94cm; women≥80cm) or high WHR (men≥0.90; women≥0.85). 

We used logistic regression models to estimate odds ratios (ORs) and 95% confidence intervals 

(95% CIs) to assess the association of eating frequency (≤1.5; 1.5–3; ≥3 times/d) and breakfast 

consumption (vs. non) with abdominal obesity. Models were adjusted for age, sex, income, 

smoking, physical activity, TV watching, energy intake, diet quality, and eating frequency (only 

for breakfast consumption). Most participants consumed breakfast (70%), ate 1.5–3 times/d 

(47%), and had high WC (75%) and WHR (77%). Participants who ate 1.5–3 (OR:2.75, 

95%CI:1.23, 6.15) and ≥3 times/d (OR:2.88; 95%CI:1.14, 7.31) were more likely to have high 

WC compared with participants who ate ≤1.5 times/d (P-trend=0.04). Breakfast consumption was 

not associated with abdominal obesity. In conclusion, higher eating frequency, but not skipping 

breakfast, is associated with abdominal obesity among adults in PR. Consuming less frequent 

meals may help prevent abdominal obesity in this population.
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1. Introduction

In the United States (U.S.), meal and snack patterns have changed over recent decades. 

Between 1971–1974 and 2009–2010, the proportion of adults that reported consuming all 

three main meals (breakfast, lunch, and dinner) decreased from 73% to 59% in men and 

from 75% to 63% in women [1]. Between 1965 and 1991, the proportion of U.S. adults 

skipping breakfast increased from 14% to 25%, and the prevalence of snacking increased 

significantly from 71% to 97% in 2003–2006 [2]. The timeline of this decline in breakfast 

consumption and the increase in snacking parallels the increase in obesity prevalence. 

During the same period, the age-adjusted prevalence of obesity (body mass index ≥30 

kg/m2) among U.S. adults increased nearly twofold from 12.8% to 22.5% [3]. By 2016, the 

age-standardized prevalence of obesity among U.S. adults had risen to 40% [4]; the 

prevalence among Hispanics (47%) was the highest compared to other racial/ethnic groups 

[5].

Numerous cross-sectional [6–11] and prospective observational studies [12–14] have found 

an association between skipping breakfast and obesity, which has led to recommendations to 

consume breakfast as a strategy to prevent weight gain [15]. These recommendations are 

based on the hypothesis that skipping breakfast leads to higher energy intake later in the day 

[16]. Snacking or eating frequency can also impact body weight [17]. Greater eating 

frequency appears to be related to healthier body weight and better health status [18–20]. 

Proposed mechanisms include better appetite control [21, 22], improved glucose 

homeostasis [23], and increased diet-induced thermogenesis [24]. However, while some 

studies have reported benefits of frequent meals, others have not [25, 26]. It has been argued 

that eating frequent meals is inconsistent with human evolution and circadian rhythms [27]. 

Less frequent eating and intermittent fasting may have physiological advantages that may 

improve many health outcomes, including obesity [28].

In the U.S., Hispanics/Latinos are disproportionately affected by obesity. In particular, 

Puerto Ricans living in Puerto Rico have a high prevalence of obesity and related health 

disparities. According to the Behavioral Risk Factor and Surveillance System, in 2016, the 

age-adjusted prevalence of self-reported obesity in Puerto Rico was 30.5%, with an 

additional 35.2% classified as overweight [29]. Observational studies in Puerto Rico have 

reported a high prevalence of abdominal obesity among adults [30, 31], which is worrisome 

as visceral fat deposition can increase risk of multiple chronic diseases [32]. However, the 

prevalence of skipping breakfast or other eating patterns has not been reported in Puerto 

Rico, and little information is available regarding behaviors of breakfast consumption and 

eating frequency in this at-risk ethnic minority group. We hypothesized that higher eating 

frequency and skipping breakfast would be associated with increased odds of abdominal 

obesity among adults living in Puerto Rico. To test this hypothesis, we evaluated the 

associations between breakfast consumption and eating frequency with abdominal obesity, 
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defined as high waist circumference or high waist-to-hip ratio, among adults living in Puerto 

Rico.

2. Methods and materials

2.1 Study population

The Puerto Rico Assessment of Diet, Lifestyle and Diseases (PRADLAD) is a cross-

sectional pilot study of a convenience sample of 380 men and women, aged between 30–75 

years, and residing in Puerto Rico in 2015 for at least 10 months before the study. Detailed 

recruitment and methodology procedures have been described previously [33]. Briefly, 

participants were recruited while attending or visiting one of three primary care clinics in the 

San Juan metro area with a broad representation of patients’ socioeconomic status. We 

excluded participants with missing anthropometric measures. Missing measures were due to 

not giving consent (n = 20), not being able to take the measure (n = 20; for example because 

the person had a physical limitation), or unreliable data (n = 30). The final study population 

consisted of 310 participants (Figure 1). Participants responded to a set of comprehensive 

questionnaires administered by trained, bilingual interviewers. Thereafter, the participants 

underwent anthropometry measurements. The Institutional Review Board at Harvard T.H. 

Chan School of Public Health, University of Massachusetts-Lowell, Northeastern University, 

and Ponce Health Sciences University approved the study. Written informed consent was 

obtained from all participants.

2.2 Dietary intake and dietary behaviors

Dietary intake was collected using a semi-quantitative food frequency questionnaire (FFQ) 

adapted and validated for this population [34]. Participants were asked to select their usual 

intake of a standard portion of each food item; examples of portion sizes were provided. 

Nine responses were possible, ranging from “never or less than once/month” to “≥6 times/

day.” Dietary data were linked to the Minnesota Nutrition Data System for Research (1999, 

version 25) for energy and nutrient analysis.

A separate questionnaire for dietary behaviors and attitudes included questions about eating 

frequency: “How often do you eat breakfast (excluding a “bite of something”)?”, “How 

often do you eat lunch (excluding a “bite of something”)?”, “How often do you eat dinner 

(excluding a “bite of something”)?”, and “How often do you eat a snack (snack: a bite of 

something that you do not consider as a complete meal)?”. The response options were ‘never 

or rarely’, ‘2–4 days/week’, ‘5–6 days/week’, ‘every day’. Because the questions focused on 

eating, we did not consider beverages a snack in this study.

2.3 Anthropometry measurements

Trained research assistants measured waist and hip circumferences. Waist circumference 

(WC) was measured at the midway between the lowest rib margin and the iliac crest [35]. 

Hip circumference was measured around the widest portion of the buttocks, with the tape 

parallel to the floor [35]. Two measurements rounded to the nearest millimeter were 

recorded; a third measurement was performed if the differences between the measurements 

were greater than 1 cm, and the mean of the closest measurements was calculated. We 
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defined abdominal obesity based on the WC cutoff values recommended for use by the 

International Diabetes Federation (IDF) for populations of European or sub-Saharan Africa 

heritages: ≥94 cm for males and ≥80 cm for females [36], as well as by current U.S. 

guidelines (≥102 cm for males and ≥88 cm for females) [37]. We calculated the waist-to-hip 

ratio (WHR) by dividing the WC by the hip measurement. A WHR of ≥0.90 in men or ≥0.85 

in women was considered as high [35].

2.4 Covariates

Age, sex, household income, smoking status, physical activity, and hours spent watching 

television, were obtained by interview-based questionnaires. A physical activity score was 

calculated as the sum of hours spent on typical 24-hour activities (sedentary, light, moderate, 

or heavy activity, and sleeping) multiplied by weighing factors that parallel the rate of 

oxygen consumption associated with each activity. We used the Alternate Healthy Eating 

Index 2010 (AHEI-2010), a score created based on nutrients and foods associated with lower 

risk of chronic disease [38], as an indicator of the participants’ overall diet quality. Briefly, 

the AHEI-2010 was calculated based on 11 components (vegetables, fruit, nuts and legumes, 

whole grains, red and processed meats, trans fat, polyunsaturated fatty acids, omega-3 fatty 

acids, sodium, sugary beverages, and alcohol). Each component contributes 0–10 points to 

the total score; a score of 10 indicates a perfect adherence to the recommendations, whereas 

a score of 0 represents the least healthy dietary behavior. Adding all components’ scores 

results in a total AHEI score of 110, which indicates a perfect adherence to the 

recommendations, whereas a score of 0 represents the least healthy dietary behavior.

2.5 Statistical analyses

We summed the frequencies that participants reported eating breakfast, lunch, dinner and 

snacks during the week and divided it by 7 to obtain the total number of eating occasions per 

day. We categorized participants into groups according to their reported eating frequency: 

1.5 or fewer times per day, between 1.5 and 3 times per day, and 3 or more times a day. We 

used the midpoint in each category to define its median intake of frequency. We categorized 

participants as breakfast non-consumers (‘Never or rarely’), and breakfast consumers (‘2–4 

days/week’, ‘5–6 days/week’, ‘every day’). We imputed the median for missing values for 

continuous variables, and we created a missing indicator category for categorical variables. 

Percentages and means with their standard deviation were calculated for descriptive 

characteristics for all participants and by breakfast consumption. Differences in descriptive 

characteristics by breakfast consumption were tested using chi-square for categorical 

variables or Fisher’s exact test for continuous variables.

To examine associations of eating frequency and between breakfast consumption with 

abdominal obesity, we estimated odds ratios (ORs) and 95% confidence intervals (CIs) using 

crude, age-adjusted, and multivariable logistic regression models. In multivariable model 1, 

we adjusted for age (y, continuous), sex (male/female), income ($0-$10,000, $10,001-

$20,000 and >$20,000), smoking status (current, past, or never smokers), physical activity 

score (continuous), and TV watching (h/d, continuous). In multivariable model 2, we further 

adjusted for dietary variables, including energy intake (kcal/d, continuous), and AHEI-2010 

(continuous) because these variables could mediate the association between eating 
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frequency, breakfast consumption, and abdominal obesity. In the models in which breakfast 

consumption was the main exposure, we also adjusted for the number of eating occasions 

excluding breakfast (continuous). Tests for trend of eating frequency were calculated by 

including the median category of eating frequency as an ordinal variable.

In a sensitivity analysis, we used a different definition of breakfast consumption that used 

three categories: non-consumers (never or rarely), occasional consumers (2–4 days/week) 

and frequent consumers (5–6 days/week and every day). We also used different WC cutoff 

values recommended for use by current U.S. guidelines (≥102 cm for males and ≥88 cm for 

females) [37]. Finally, we separately evaluated the association of the number of complete 

meals per day (≤1, 2, 3) as well as the number of snacks per week (0.5, 3, 5.5, ≥7) with 

abdominal obesity. A sample size of 310 participants achieved sufficient power (95%) to 

detect an odds ratio of 2.5, assuming a two-sided significance level of 5%. All analyses were 

conducted using SAS version 9.4 (SAS Institute Inc.; Cary, NC), and P<0.05 was considered 

statistically significant.

3. Results

In this cross-sectional study of 310 adults living in Puerto Rico, the majority of the 

participants (70%) consumed breakfast at least 2 times per week to every day. In specific, 

30% of participants reported “never or rarely” eating breakfast, 31% only “2–4 days/week”, 

12% “5–6 days/week”, and 27% were “every day” breakfast consumers. Overall, 32% of 

participants reported eating three or more times per day; 19% reported “never or rarely” 

eating lunch, 27% ate lunch “2–4 days/week”, 13% “5–6 days/week”, and 41% had lunch 

“every day”, while 12% reported “never or rarely” eating dinner, 27% had dinner “2–4 days/

week”, 15% “5–6 days/week”, and 46% ate dinner “every day”. Regarding snack 

consumption, 37% reported “never or rarely” ate snacks, 28% ate snacks “2–4 days/week”, 

13% “5–6 days/week”, and 22% had snacks “every day” (not shown). The prevalence of 

abdominal obesity in the study population defined as high WHR was 76.8%, and 75.5% had 

high WC using the IDF definition and 61.5% using the U.S. guidelines. The mean (SD) BMI 

was 25.2 (6.5) kg/m2, and 22.2% were classified with overweight (25.0–29.9 kg/m2) and 

20.8% with obesity (≥30 kg/m2). Compared with breakfast consumers, those who skipped 

breakfast were younger and more sedentary, had lower income, and ate fewer meals per day 

(Table 1).

After adjustment for multiple risk factors, no association was found between breakfast 

consumption and high WHR or high WC (Table 2). Although not statistically significant, the 

direction of the association between breakfast consumption and abdominal obesity changed 

from positive to inverse after adjusting for dietary variables. In a sensitivity analysis, when 

we used a different definition of breakfast consumption using three categories (non-

consumers, occasional consumers, and frequent consumers), no association was found with 

high WHR or high WC (using the IDF definition and the current U.S. guidelines) 

(Supplemental Table S1).

Greater eating frequency was associated with higher odds of high WC (Table 3). For 

instance, compared with participants who ate ≤1.5 times a day, participants who ate between 
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1.5 and 3 times per day were 2.75 (95% CI: 1.23, 6.15) times more likely to have a high WC 

and participants who ate 3 or more times a day were 2.88 (95% CI: 1.14, 7.31) times more 

likely to have a high WC after adjustment for age, sex, income, smoking status, physical 

activity, TV watching, energy intake, and diet quality. The association between eating 

frequency and WHR did not reach statistical significance in the fully-adjusted model, 

although it trended towards higher odds of high WHR. In a sensitivity analysis, when we 

used a different definition of high WC following current U.S. guidelines that do not account 

for ethnic heritage, no association was found for either breakfast consumption or eating 

frequency with abdominal obesity (Supplemental Table S2). We did not find a significant 

association with either the number of complete meals (Supplemental Table S3) or the 

number of snacks per week (Supplemental Table S4) with abdominal obesity, when analyzed 

separately.

4. Discussion

In this cross-sectional study, higher eating frequency, but not breakfast skipping, was 

associated with higher odds of high WC in men and women living in Puerto Rico regardless 

of energy intake or diet quality. Thus, we do not reject our hypothesis that higher eating 

frequency would be associated with increased odds of abdominal obesity, but we reject the 

hypothesis that skipping breakfast would also be associated with abdominal obesity among 

adults living in Puerto Rico. In this study, the self-reported prevalence of obesity (BMI ≥30 

kg/m2) was lower (20.8%) than the prevalence reported by the Puerto Rico Behavioral Risk 

Factor Surveillance System [29] for the same year in which our study was conducted, likely 

due to misreporting. The prevalence of abdominal obesity, which as objectively measured in 

our study, was high 61.5% using the IDF definition for high WC. It may be more appropriate 

to use WC or WHR than BMI because obesity-related health risks are mainly associated 

with body fat distribution, especially in the midsection region, than with general adiposity 

[39]. In addition, we found discrepancies among abdominal obesity indicators. The 

estimated association between eating frequency and abdominal obesity was statistically 

significant using WC, but it was only marginal for WHR. There are several rationales for 

this. Measuring WC entails fewer measurements than measuring WHR, which includes the 

waist and the hip measurements, and thus WC is prone to less measurement error. 

Furthermore, the biological implications of hip circumference are less clear than for waist 

circumference, as a large hip may reflect more accumulation of subcutaneous fat, greater 

gluteal mass, or larger bone structure, and thus an increased WHR can reflect both increased 

visceral fat mass or a larger bone structure [40].

The findings on breakfast consumption in relation to obesity are inconsistent. In 

observational studies, skipping breakfast has been associated with increased body mass 

index [7–11, 41, 42] and weight gain [14]. However, randomized controlled trials have 

provided mixed results [43–47]. Breakfast is a unique meal because it is the time when 

fasting ceases. Longer fasting times trigger lower insulin and higher ghrelin concentrations 

[48, 49], which could induce hunger and eating. Yet, skipping breakfast is one of the first 

changes in dietary habits people make to lose weight and limit energy intake [44]. Studies 

have suggested that breakfast consumption is associated with higher energy intake compared 

to skipping breakfast [8, 50–52]. A recent meta-analysis of randomized controlled trials 
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found a small protective effect of skipping breakfast on weight [53], and showed that 

breakfast consumption increased total energy intake compared with skipping breakfast. In 

our study, breakfast consumption was not associated with abdominal obesity. Reverse 

causality may partly explain the lack of association between breakfast consumption and 

abdominal obesity. Having obesity may have prompted individuals to skip breakfast as part 

of energy-restriction strategies, and this may have biased our results towards the null. In this 

population we cannot reject the possibility that skipping breakfast does not have adverse 

effects on abdominal obesity. Because numerous international dietary recommendations 

advocate for breakfast consumption for weight management [53], adults in Puerto Rico may 

continue including breakfast as part of their usual eating behaviors without increasing or 

decreasing their likelihood of abdominal obesity, as long as breakfast is comprised of 

healthy foods and within the energy-balance requirements of the individual.

The evidence of the association between eating frequency and obesity is also inconsistent. 

While in some cross-sectional studies, higher meal frequency has been associated with lower 

odds of obesity [18, 41], others have found the opposite [54–56], and a prospective study 

found a higher risk of weight gain [14]. Our results are consistent with the latter findings 

after adjustment of multiple confounders, including energy intake and diet quality. Although 

the exact mechanisms linking eating frequency and obesity are not well established, 

experimental data suggests that reduced meal frequency (and intermittent fasting) is 

associated with less oxidative damage and can prevent the development of obesity through 

the production of protein chaperones and growth factors [57, 58], possibly because of 

improved adipose tissue signaling and subsequent less increase of fat depots [47]. It is 

possible that participants with pre-existing abdominal obesity may have reduced their eating 

frequency in an attempt to lose weight. If so, the strength of the positive association between 

eating frequency and high WC would be underestimated.

Also, our definition of eating frequency included both meals and snacks; thus, there was the 

possibility that only snacks were associated with high WC since snacking has been 

associated with obesity in previous studies [55, 59]. However, in sensitivity analysis, we did 

not find a significant association between the number of complete meals nor the number of 

snacks with abdominal obesity, when assessed separately. This suggests that there is no 

distinctive effect from just complete meals or just snacks, but rather higher number of eating 

occasions may be more relevant for higher abdominal obesity independently from total 

energy intake and diet quality.

This study has several limitations. First, non-differential measurement error in the 

assessment of breakfast consumption and eating frequency may have biased our results to 

the null. Also, misclassification could had been present due to how we defined breakfast 

consumption. We included occasional breakfast consumers (2–4 times/week) in the category 

of breakfast consumers. However, in sensitivity analysis we used a three-category definition 

of breakfast consumption and the results remained unchanged. Second, there was no 

information on the foods and nutrient composition of the breakfast consumed, and beverages 

consumed were not included. However, we were able to adjust for total energy intake and 

overall diet quality. Third, our study is cross-sectional, and it is possible that participants 

with abdominal obesity changed their eating behaviors as an attempt to lose weight. Due to 

Tamez et al. Page 7

Nutr Res. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the small sample size, we were underpowered to stratify by sex and by body mass index, 

which may be potential moderators. Fourth, the non-random sample design of our study may 

have limited the generalizability of our results. However, the study was conducted in three 

primary care clinics in San Juan, Puerto Rico that increased socioeconomic representation of 

our sample [33]. Finally, meal timing may have influenced our results. In the National 

Health and Nutrition Examination Survey, having one additional eating occasion per day 

was associated with an 8% decrease in C-reactive protein, and specifically, each 10% 

increase in the proportion of total energy intake consumed in the evening was associated 

with a 3% increase in C-reactive protein concentrations [60]. Additional longitudinal studies 

are needed to elucidate this association and to conduct an in-depth analysis of specific foods 

consumed for breakfast and meal timing.

In conclusion, adults living in Puerto Rico eating three or more times a day have higher odds 

of high abdominal obesity, as measured by waist circumference cutoff points recommended 

for this ethnic population, independent of energy intake and diet quality. Promoting less 

frequent meals, while maintaining a high diet quality and adequate energy intake, could 

prevent abdominal obesity and reduce obesity-related disparities in Puerto Ricans. This 

study provides information on an understudied population with a high prevalence of obesity, 

and our results call for a more in-depth examination of the most appropriate obesity 

indicators for Hispanic/Latino groups and, in addition, underscore the need for better 

understanding the eating patterns in this population.
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PR Puerto Rico

WC waist circumference

WHR waist-to-hip ratio

OR odds ratio

CI confidence interval

U.S. United States
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PRADLAD Puerto Rico Assessment of Diet, Lifestyle and Diseases

FFQ food frequency questionnaire

IDF International Diabetes Federation

AHEI-2010 Alternate Healthy Eating Index 2010

y years

h/d hours per day

kcal/d kilocalories per day
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Figure 1. Flowchart of participant selection for the analysis
PRADLAD, Puerto Rico Assessment of Diet, Lifestyle and Diseases
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Table 1.

Sociodemographic and lifestyle characteristics by breakfast consumption among adults living in Puerto Rico
a

All (n=310) Non-breakfast consumers (n=93) Breakfast consumers (n=217) P-value

Age (y) 51.6 (11.3) 49.6 (11.6) 52.4 (11.1) 0.05

Female, % 65.5 73.1 62.2 0.06

Income, % 0.01

 $0-$10,000 47.7 61.3 41.9

 $10,001-$20,000 17.8 16.1 18.4

 ≥$20,000 16.1 14.0 17.1

 Missing 18.4 8.6 22.6

Physical activity, % 0.05

 Sedentary 37.1 48.4 32.3

 Low 25.8 20.4 28.1

 Moderate/Vigorous 22.3 20.4 23

 Missing 14.8 10.8 16.6

TV watching (h/d) 3.6 (2.6) 3.7 (2.6) 3.6 (2.6) 0.51

Smoking status, % 0.31

 Never smoker 64.5 65.6 64.1

 Former smoker 15.5 12.9 16.6

 Current smoker 16.8 20.4 15.2

 Missing 3.2 1.1 4.1

Energy intake (kcal/d) 2179.1 (773.1) 2128.5 (776.7) 2200.7 (772.4) 0.45

Number of meals/d with breakfast 2.3 (1.0) 1.4 (0.8) 2.8 (0.8) 0.0001

Number of meals/d without breakfast 1.8 (0.8) 1.2 (0.8) 2.0 (0.7) 0.0001

AHEI-2010
b 59.6 (9.0) 58.9 (7.7) 59.9 (9.5) 0.33

BMI (kg/m2) 25.2 (6.5) 25.9 (6.7) 24.9 (6.3) 0.23

BMI, % 0.34

 <18.5 kg/m2 12.4 12.5 12.4

 18.5–24.9 kg/m2 44.6 39.8 46.7

 25.0–29.9 kg/m2 22.2 20.4 22.8

 ≥30 kg/m2 20.8 27.3 18.1

High WC, %
c 75.5 74.2 76.0 0.73

High WHR, % 76.8 74.2 77.9 0.48

AHEI-2010, alternate healthy eating index 2010; BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio.

a
All values are shown as percentages (for categorical) or means (SD) for continuous variables.

b
The AHEI-2010 was calculated based on 11 components (vegetables, fruit, nuts and legumes, whole grains, red and processed meats, trans fat, 

polyunsaturated fatty acids, omega-3, sodium, sugary beverages, alcohol). Each component contributes 0–10 points to the total score; a score of 10 
indicates a perfect adherence to the recommendations, whereas a score of 0 represents the least healthy dietary behavior. The AHEI ranges from 0 
(worst) to 110 (best).

c
High waist circumference using the IDF definition is ≥94 cm in men and ≥80 cm in women.
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Table 2.

Breakfast consumption and odds of high waist-to-hip ratio and high waist circumference among adults living 

in Puerto Rico

Non-breakfast consumers (n=93) Breakfast consumers (n=217) P-value

High waist-to-hip ratio
a cases=69 cases=169

OR 95% CI OR 95% CI

Crude 1.00 Ref. 1.23 0.70, 2.15 0.48

Age-adjusted 1.00 Ref. 1.10 0.61, 1.96 0.76

Model 1
b 1.00 Ref. 1.16 0.61, 2.23 0.65

Model 2
c 1.00 Ref. 0.80 0.37, 1.74 0.58

High waist circumference
d cases=69 cases=165

OR 95% CI OR 95% CI

Crude 1.00 Ref. 1.10 0.63, 1.93 0.73

Age-adjusted 1.00 Ref. 1.04 0.59, 1.83 0.90

Model 1
b 1.00 Ref. 1.26 0.64, 2.48 0.50

Model 2
c 1.00 Ref. 0.87 0.40, 1.89 0.72

OR, odds ratio; CI, confidence interval; Ref., reference category.

a
High waist-to-hip ratio was defined as ≥0.90 in men, and ≥0.85 in women.

b
Model 1 is adjusted for age (y, continuous), sex (male/female), income ($0-$10,000, $10,001-$20,000 and >$20,000), smoking status (current, 

past, or never smokers), physical activity score (continuous), and TV watching (h/d, continuous).

c
Model 2 is adjusted for the previous model plus the number of eating occasions excluding breakfast (continuous), energy intake (kcal/d, 

continuous), and the AHEI-2010 (continuous).

d
High waist circumference using the IDF definition is ≥94 cm in men and ≥80 cm in women.
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Table 3.

Eating frequency (complete meals and snacks) and odds of high waist-to-hip ratio and high waist 

circumference for among adults living in Puerto Rico

≤1.5 times/d (n=66) 1.5–3 times/d (n=145) ≥3 times/d (n=99) P-trend

Median (min., max.) 1 (0.21, 1.36) 2.14 (1.57, 3.00) 3.43 (3.42, 4.00)

High waist-to-hip ratio
a cases=45 cases=113 cases=80

OR 95% CI OR 95% CI OR 95% CI

Crude 1.00 Ref. 1.65 0.86, 3.16 1.97 0.96, 4.04 0.08

Age-adjusted 1.00 Ref. 1.49 0.77, 2.91 1.69 0.81, 3.54 0.18

Model 1
b 1.00 Ref. 1.33 0.63, 2.78 2.12 0.88, 5.09 0.09

Model 2
c 1.00 Ref. 1.33 0.63, 2.81 2.32 0.94, 5.71 0.06

High waist circumference
d cases=44 cases=115 cases=75

OR 95% CI OR 95% CI OR 95% CI

Crude 1.00 Ref. 1.92 1.00, 3.68 1.56 0.79, 3.11 0.26

Age-adjusted 1.00 Ref. 1.82 0.94, 3.50 1.44 0.71, 2.89 0.42

Model 1
b 1.00 Ref. 2.67 1.20, 5.93 2.59 1.06, 6.35 0.06

Model 2
c 1.00 Ref. 2.75 1.23, 6.15 2.88 1.14, 7.31 0.04

Min., minimum; Max., maximum; OR, odds ratio; CI, confidence interval; Ref., reference category.

a
High waist-to-hip ratio was defined as ≥0.90 in men, and ≥0.85 in women.

b
Model 1 is adjusted for age (y, continuous), sex (male/female), income ($0-$10,000, $10,001-$20,000 and >$20,000), smoking status (current, 

past, or never smokers), physical activity score (continuous), and TV watching (h/d, continuous).

c
Model 2 is adjusted for the previous model plus energy intake (kcal/d, continuous), and the AHEI-2010 (continuous).

d
High waist circumference using the IDF definition is ≥94 cm in men and ≥80 cm in women.
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