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Abstract: Lack of variability in dietary intake within a population makes identification of relationships
between diet and disease difficult. Studies in populations with greater interindividual variation
can provide important insights. The Puerto Rican diet is in transition from a traditional to
a more Western-type diet, resulting in greater interindividual variability. We identified foods
contributing to absolute intake and variability in the intake of macronutrients among Puerto Rican
women. One hundred women, aged 30–79, residents of San Juan, Puerto Rico, completed three,
interviewer-administered, 24-h dietary recalls from which foods contributing to absolute intake and
intake variability in intake of energy, fat, protein, carbohydrate and dietary fiber were determined.
The overall prevalence of intake of foods was also calculated. Traditional Puerto Rican foods such as
legumes, rice, and plantains were important contributors to the intake of calories and macronutrients
as were foods more typical of Western diets including white bread and sweetened carbonated
beverages. Identification of food sources of nutrients for this population with a diet in transition
can contribute to the development of instruments to measure dietary intake and to understand the
contribution of diet to the etiology of chronic disease among Puerto Rican women.
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1. Introduction

In the examination of diet in relation to chronic disease, lack of variability in intake within
a population can be a possible explanation for null results. With lower variability, and consequently
fewer individuals at the extremes of intake of a particular nutrient or food component, it can be
difficult to identify diet-disease relations with that nutrient or food component. If the intake of most
individuals in a population is at or above the threshold for the effect of diet on disease risk, then it will
appear that there is no association between intake and risk. Examination of populations with greater
variation in dietary intake has potential for providing insight into understanding diet and chronic
disease relationships, such as for cancer and cardiovascular diseases.
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Cancer and cardiovascular diseases are the leading causes of mortality in Puerto Rico, as they
are in the United States (USA). Rates in Puerto Rico are lower than in the USA but increasing more
rapidly [1–6]. The reasons for these differences are not known; diet may be a contributing factor.
The diet in Puerto Rico is in transition from a traditional diet to a more Western-type diet [7], resulting in
greater inter-individual variability in intake. Identification of foods that are the major contributors
to intake of macronutrients in Puerto Rico and foods contributing to variability in nutrient intakes
between individuals in the population can provide insight into the diet in this particular population,
contribute to the development of culturally-specific food frequency questionnaires and potentially
inform the understanding of the contribution of diet to chronic disease etiology among Puerto Ricans.

Studies of foods that contribute to intake and variability in intake within populations have been
conducted globally, including in the USA [8–29]. These studies provide information regarding food
practices and have been instrumental in the development of food frequency questionnaires. There are
few published studies of this kind from Central and South America or the Caribbean [7,21–24]. To our
knowledge, there are no quantitative analyses of the contribution of various foods to intakes of
adults living in Puerto Rico. While there have been studies of foods contributing to nutrient intake,
specifically of Hispanic adults residing in the USA [16,25–29], there are differences in geography,
culture, and availability of foods in Puerto Rico, with resulting differences in intake, food preferences
and consumption habits between Puerto Rican islanders and those living in the continental USA [30].

For this study, we characterized foods contributing to absolute intake and to variability in intake
of total energy, protein, carbohydrate, fat, and dietary fiber in the diets of women in Puerto Rico as
well as determining the prevalence of consumption of foods in each food category.

2. Methods

2.1. Study Population

Participants consisted of 100 women who were residents of the San Juan metropolitan area.
All women were between the ages of 30 and 79. The participants were selected in two ways.
Seventy-five were selected randomly from the population. A list provided by the Estudio Continuo de
Salud, a multi-phased probabilistic sample of the general population based on the selection of housing
units from census blocks within conglomerates of municipalities in Puerto Rico [31], was used to
randomly identify households. Community health workers went to those households and determined
if there was a woman who met the eligibility criteria in that household. If there was an eligible woman,
she was invited to participate in the study. The remaining twenty-five study participants were recruited
from community-based faith organizations in San Juan. Study participants provided informed consent
before they participated in the study. The study was conducted in accordance with the Declaration of
Helsinki and the protocol was approved by the Institutional Review Boards of both the University of
Puerto Rico Medical Sciences Campus and the University at Buffalo.

2.2. Data Collection

Three 24-h dietary recalls were collected for each participant. Interviewer-administered recalls
were conducted by phone by a trained interviewer. There were 48 interviews on weekend days and
252 on weekdays. Interview calls were unannounced so that the participant would not modify her
diet on days when intake was assessed. For each 24-h recall, the participant was asked to recall
her dietary intake for the previous day. A double-pass method was used; the participant was first
asked to broadly list the foods that she had consumed throughout the day and then subsequently
asked to provide more detail about each food item. The participants had been previously provided
with a pamphlet with pictures of different serving sizes to aid them in portion estimation. The foods
reported by participants were matched to the 160,000 food items in the University of Minnesota
Nutrition Data System for Research (NDSR), a database that includes more than 300 Hispanic foods
(http://www.ncc.umn.edu/products/). The NDSR includes prompts for information about each food,
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such as method of preparation, ingredients and serving size. The data base was used to calculate the
nutrient content of each food [32].

2.3. Grouping of Foods

In the 24-h recalls collected for this study, participants reported 904 different food items. Each food
item was assigned an individual food code in the NDSR. Foods were then grouped according to
nutrient similarity and manner of consumption (eaten at similar times of day, and prepared with
similar methods). Foods that were reported at least 10 times by any study participant were examined
separately. We made several exceptions for foods that were unique from other foods, either nutritionally
or in terms of ingredients, and which contributed reportable percentages of energy or macronutrient
intake when considered alone. A fruit or vegetable was considered separately when five or more
total servings were reported; there were few fruits and vegetables that were reported at least 10 times.
When fewer than five servings were reported, that item was placed in a group of “other fruits” or
“other vegetables”. Mixed dishes were divided into groups based on the type of meat or seafood that
they contained. Typically, these dishes were combinations of meat or seafood, a starch such as rice or
tuber roots, vegetables, and seasonings. Mixed dishes that consisted of rice and vegetable with no meat
or seafood were placed in a separate category. All foods reported were included either individually or
in a broader category.

2.4. Ranking Foods Based on Intake Contribution

After foods were grouped, we calculated the percent contribution of each group to the intake of
each macronutrient.

For each food group, and for each nutrient:

% contribution to intake of nutrient by food group i

=
∑100

j=1 ∑x
f=1 ∑

Sfj
k=0 Nutrientfjk

∑98
i=1 ∑100

j=1 ∑x
f=1 ∑

Sfj
k=0 Nutrientfijk

× 100
(1)

where:

f = food in food group i
= total number of foods in food group i
= Food group, 1, 2 . . . 98
= Participants, 1, 2 . . . 100
= Reported servings of food f to participant i, 0, 1, 2 . . .
Sfj = Servings of fth food consumed by jth person

Nutrientfijk = Amount of nutrient contained in serving k of food f in food group i to participant j.

Once we had calculated the percent contribution of each food group to the intake of each
macronutrient, we ranked the foods based on these values and calculated a running total of the
contribution of the foods to nutrient intake.

2.5. Ranking of Foods Based on Contribution to Variability

In addition to examining the contribution of foods to absolute intake, we also examined food
group contributions to variability in intake of each macronutrient, that is, those foods which were
most strongly associated with differences in intake. We constructed multiple linear regression models
in which the dependent variable was the total intake of the nutrient of interest during the 3 days for
which dietary recall data were collected for each participant. Independent variables were the amount
of nutrient contributed by each food group during the three days of recall. Food groups were added to
the equation in decreasing order of contribution to total intake of the nutrient.
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The regression equation is as follows:

Y = α+ β1X1i + β2X2i . . . (2)

where:

Y = Total intake of nutrient y for three days of recall for each participant
X1 = Total grams of nutrient y from food group 1 consumed during 3 days of recall
β1 = Predicted increase in average daily intake of nutrient y associated with a 1 g increase in
consumption of nutrient y from food group 1
X2 = Total grams of nutrient y from food group 2 consumed during 3 days of recall
β2 = Predicted increase in average daily intake of nutrient y associated with a 1 g increase in
consumption of nutrient y from food group 2.

For each food group that contributed to the total intake of a nutrient, the correlation of intake
of that food group and total intake of the nutrient was calculated, a measure of the strength of
the relationship between the intake from a food group and the total intake of the nutrient without
adjustment for the other food groups. Cumulative R2, the portion of between-participant variability in
nutrient intake explained by the increasingly large list of food groups in the model, was calculated and
reported after each food group was added to the final regression equation.

2.6. Calculating Prevalence of Consumption

To gain a better understanding of the commonality of foods in the Puerto Rican diet, we also
ranked food groups based on prevalence of consumption. Prevalence of consumption was calculated
as follows:

P(x) = (W/N) × 100% (3)

where:

P = Percent of participants who reported consuming ≥1 serving of ≥1 food in food category x
= Number of participants who reported consuming ≥1 servings of foods in food category x
= Total number of participants (100).

Intake contribution, regression and prevalence of consumption analyses were conducted using
SAS® version 9.2 (SAS Institute Inc., Cary, NC, USA).

3. Results

The mean age of study participants was 56.4, standard deviation 11.9. Mean BMI was 29.2 (SD 5.6).
Twenty-four percent of the participants had normal BMI (BMI < 25), 37% were overweight (BMI between
25 and 30) and 39% were obese (BMI > 30.0). Most of the study participants had at least a high school
education (4% had less than 12 years of education); the mean number of years of education was
12.4 (SD 3.0). There were 47 participants who reported on their diet on at least one weekend day;
there were no differences in intakes of any of the macronutrients for participants reporting on weekend
days compared to those reporting only on weekdays (data not shown).

Foods which accounted for 90% of total intake of energy in kilocalories, and grams of fat, protein,
carbohydrate, and dietary fiber in the Puerto Rican diet are shown in Tables 1–5. Several foods
were particularly important in terms of contribution to absolute macronutrient intake. White breads,
rolls and crackers were the largest contributor to both energy intake and carbohydrate intake, and rice
was the second largest contributor to intake of both. Cheese was the largest contributor to intake of
fat and among the highest contributors to protein intake. Beefsteaks, roasts and burgers were among
the major contributors to intake of fat and protein as were chicken and turkey. Plantain dishes were
an important contributor to intake of energy, dietary fiber, and carbohydrates. Bean dishes were the
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largest source of dietary fiber, though they were only the 13th largest contributor to caloric intake and
the 11th largest contributor to protein intake.

Table 1. Foods contributing to energy (kcal) intake, Puerto Rican women.

Rank Food Group Name
Percent

Contribution
to Total Intake

Correlation
Coefficient

(r)

Cumulative

Percent
Contribution

to Total Intake

Variability
(R2)

1 White bread, rolls, crackers 5.5 0.0 5.5 0.0
2 Rice 5.3 −0.1 10.8 0.0
3 Plantain dishes 4.2 0.0 15.0 0.0
4 Rice and vegetable dishes 3.8 0.2 18.8 0.0
5 Reduced fat milk 3.8 0.2 22.7 0.1
6 Chicken, turkey 3.6 0.2 26.3 0.1
7 Cooked cereal 3.5 0.0 29.8 0.1
8 Cakes, cookies, donuts 3.4 0.2 33.2 0.1
9 Cheese 3.1 −0.1 36.3 0.2

10 Beefsteaks, roasts, burgers 3.1 −0.1 39.4 0.2
11 Mixed dishes with chicken 3.0 0.1 42.4 0.2
12 Whole milk, whole milk beverages 2.5 −0.1 44.8 0.2
13 Bean dishes 2.5 0.1 47.3 0.2
14 Pork chops, roasts 2.4 0.1 49.8 0.2
15 Whole grain breads, crackers 2.4 0.0 52.2 0.2
16 Regular soda 2.4 −0.2 54.6 0.2
17 Mixed dishes with beef 2.4 0.1 56.9 0.2
18 Pasta dishes 2.2 0.3 59.2 0.3
19 Mixed dishes with ham or pork 1.9 0.1 61.1 0.3
20 Potatoes, other than French fries 1.9 0.0 63.0 0.3
21 Cold cereal 1.8 0.1 64.8 0.3
22 Sweetened “juice” beverages 1.7 0.1 66.5 0.3
23 French fries 1.5 0.1 68.0 0.3
24 Eggs 1.5 0.0 69.5 0.3
25 Pizza 1.5 0.0 71.0 0.3
26 Tannier, other tuber roots 1.4 0.0 72.4 0.3
27 Margarine 1.4 0.0 73.8 0.3
28 Hotdogs, ham, lunchmeat 1.3 0.2 75.2 0.4
29 Chicken sandwiches 1.3 0.1 76.5 0.4
30 Mixed dishes with seafood 1.2 0.1 77.7 0.4
31 Orange juice 1.2 0.1 78.9 0.4
33 Other fruit juices 1.1 0.0 80.0 0.4
34 Fish, other than fried 0.9 0.0 81.0 0.4
35 White sugar 0.8 −0.1 81.7 0.4
36 Ice cream, frozen desserts 0.8 0.0 82.5 0.4
37 Quesadillas, nachos 0.7 0.0 83.2 0.4
38 Fried chicken 0.7 0.0 84.0 0.4
39 Bananas 0.7 −0.2 84.6 0.4
40 Alcoholic beverages 0.7 −0.1 85.3 0.5
41 Chicken soup 0.7 −0.1 86.0 0.5
42 Apple juice, apple cider 0.6 0.1 86.6 0.5
43 Yogurt 0.6 0.2 87.3 0.5
44 Cornbread, corn tortillas 0.6 −0.1 87.9 0.5
45 Mayonnaise-based dressings, dips 0.5 0.1 88.4 0.5
46 Potato chips, packaged salted snacks 0.5 0.2 88.9 0.6
47 Meal replacement drinks 0.5 0.0 89.4 0.6
48 Lettuce, green salads, greens 0.5 −0.1 89.9 0.6
49 Cheesecake 0.5 0.2 90.4 0.6
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Table 2. Foods contributing to fat (g) intake, Puerto Rican women.

Rank Food Group Name
Percent

Contribution
to Total Intake

Correlation
Coefficient (r)

Cumulative

Percent
Contribution

to Total Intake

Variability
(R2)

1 Cheese 6.9 0.2 6.9 0.0
2 Beefsteaks, roasts, burgers 4.7 0.3 11.6 0.2
3 Margarine 4.5 0.3 16.0 0.3
4 Cakes, cookies, donuts 4.3 0.2 20.3 0.3
5 Chicken, turkey 4.2 0.2 24.5 0.3
6 Mixed dishes with beef 4.1 0.2 28.6 0.4
7 Pork chops, roasts 4.0 0.2 32.6 0.5
8 Mixed dishes with chicken 3.8 0.2 36.4 0.5
9 Rice and vegetable dishes 3.6 0.1 40.1 0.5
10 Whole milk, whole milk beverages 3.6 0.3 43.6 0.6
11 Reduced fat milk 3.5 0.1 47.2 0.6
12 Plantain dishes 3.3 0.1 50.5 0.6
13 Eggs 3.1 0.1 53.6 0.6
14 White bread, rolls, crackers 2.8 0.1 56.4 0.6
15 Mixed dishes with ham or pork 2.4 0.1 58.8 0.6
16 Cooked cereal 2.4 0.1 61.2 0.7
17 Bean dishes 2.2 0.1 63.4 0.7
18 French fries 2.2 0.2 65.6 0.7
19 Hotdogs, ham, lunchmeat 2.1 0.2 67.7 0.8
20 Mixed dishes with seafood 1.9 0.1 69.6 0.8
21 Pasta dishes 1.8 0.2 71.4 0.8
22 Rice 1.7 0.1 73.2 0.8
23 Pizza 1.6 0.1 74.8 0.8
24 Potatoes, other than French fries 1.6 0.1 76.4 0.8
25 Mayonnaise-based dressings, dips 1.6 0.1 78.0 0.8
26 Chicken sandwiches 1.3 0.1 79.3 0.8
27 Fried chicken 1.1 0.1 80.4 0.9
28 Quesadillas, nachos 1.1 0.1 81.5 0.9
29 Whole grain breads, crackers 1.0 0.0 82.5 0.9
30 Oil-based dressings 1.0 0.1 83.5 0.9
31 Cheesecake 0.9 0.0 84.4 0.9
32 Ice cream, frozen desserts 0.9 0.1 85.2 0.9
33 Lettuce, green salads, green salads 0.8 0.1 86.0 0.9
34 Nuts, seeds 0.8 0.1 86.8 0.9
35 Potato chips, salted packaged snacks 0.8 0.2 87.6 1.0
36 Fish, other than fried 0.8 0.0 88.4 1.0
37 Peanuts, peanut butter 0.7 0.1 89.1 1.0
38 Olive oil 0.6 0.0 89.7 1.0
39 Pies 0.6 0.1 90.4 1.0

Table 3. Foods contributing to protein (g) intake, Puerto Rican women.

Rank Food Group Name
Percent

Contribution
to Total Intake

Correlation
Coefficient (r)

Cumulative

Percent
Contribution

to Total Intake

Variability
(R2)

1 Chicken, turkey 12.1 0.2 12.1 0.1
2 Pork chops, roasts 6.6 0.2 18.7 0.2
3 Reduced fat milk 6.5 0.2 25.2 0.3
4 Beefsteaks, roasts, burgers 5.7 0.4 30.9 0.3
5 Cheese 4.5 0.4 35.4 0.3
6 Mixed dishes with beef 3.9 0.1 39.3 0.4
7 Mixed dishes with chicken 3.9 0.2 43.1 0.5
8 Fish, other than fried 3.7 0.2 46.9 0.6
9 White bread, rolls, crackers 3.6 0.0 50.5 0.6
10 Cooked cereal 3.6 0.1 54.0 0.6
11 Bean dishes 3.1 0.2 57.1 0.6
12 Hotdogs, ham, lunchmeat 3.1 0.2 60.2 0.6
13 Whole milk, whole milk beverages 3.0 0.2 63.2 0.7
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Table 3. Cont.

14 Pasta dishes 2.6 0.2 65.8 0.7
15 Whole grain breads, crackers 2.5 0.1 68.3 0.7
16 Eggs 2.5 0.1 70.8 0.7
17 Mixed dishes with ham or pork 2.4 0.1 73.2 0.8
18 Rice 2.2 0.1 75.4 0.8
19 Chicken sandwiches, wraps 2.2 0.3 77.5 0.8
20 Rice and vegetable dishes 1.7 0.1 79.2 0.8
21 Pizza 1.5 0.1 80.7 0.8
22 Tuna, tuna salad 1.3 0.1 82.0 0.8
23 Mixed dishes with seafood 1.2 0.2 83.3 0.8
24 Cakes, cookies, donuts 1.2 0.0 84.5 0.8
25 Plantain dishes 1.2 0.1 85.7 0.9
26 Cold cereal 1.1 0.1 86.8 0.9
27 Potato, not fried 1.0 0.0 87.8 0.9
28 Fried chicken 0.9 0.1 88.6 0.9
29 Chicken soup 0.8 0.1 89.5 0.9
30 Yogurt 0.8 0.0 90.2 0.9

Table 4. Foods contributing to carbohydrate (g) intake, Puerto Rican women.

Rank Food Group Name
Percent

Contribution
to Total Intake

Correlation
Coefficient (r)

Cumulative

Percent
Contribution

to Total Intake

Variability
(R2)

1 White bread, rolls, crackers 7.7 0.1 7.7 0.0
2 Rice 7.5 0.2 15.2 0.0
3 Plantain dishes 6.3 0.2 21.5 0.1
4 Regular soda 4.8 0.2 26.3 0.1
5 Rice and vegetable dishes 4.5 0.2 30.8 0.2
6 Cooked cereal 4.2 0.3 35.0 0.3
7 Cakes, cookies, donuts 3.6 0.2 38.7 0.3
8 Sweetened “juice” beverages 3.4 0.2 42.0 0.4
9 Whole grain breads, crackers 3.2 0.2 45.3 0.4
10 Reduced fat milk 3.0 0.1 48.3 0.4
11 Cold cereal 3.0 0.3 51.3 0.5
12 Tannier, other tuber roots 2.7 0.1 54.0 0.5
13 Bean dishes 2.5 0.1 56.5 0.6
14 Potatoes, other than French fries 2.4 0.2 58.8 0.6
15 Pasta dishes 2.4 0.2 61.2 0.6
16 Orange juice 2.2 0.1 63.4 0.6
17 Mixed dishes with chicken 2.1 0.2 65.5 0.6
18 Other fruit juices 2.1 0.1 67.6 0.6
19 White sugar 1.7 0.2 69.3 0.7
20 Whole milk, whole milk beverages 1.3 0.0 70.9 0.7
21 French fries 1.5 0.2 72.4 0.7
22 Mixed dishes with ham or pork 1.4 0.2 73.8 0.7
23 Pizza 1.4 0.1 75.2 0.7
24 Bananas 1.3 0.2 76.5 0.8
25 Apple juice, apple cider 1.2 0.1 77.7 0.8
26 Beefsteaks, roasts, burgers 1.0 0.1 78.8 0.8
27 Chicken sandwiches 1.0 0.0 79.8 0.8
28 Ice cream, frozen desserts 1.0 0.1 80.8 0.8
29 Apples, apple sauce 0.9 0.2 81.7 0.8
30 Yogurt 0.8 0.1 82.5 0.8
31 Mixed dishes with seafood 0.8 0.1 83.3 0.8
32 Mixed dishes with beef 0.7 0.1 84.0 0.9
33 Cornbread, corn tortillas 0.7 0.1 84.8 0.9
34 Mango 0.7 0.1 85.5 0.9
35 Chicken soup 0.6 0.0 86.1 0.9
36 Meal replacement drinks 0.6 0.1 86.7 0.9
37 Vegetable soup 0.6 0.1 87.3 0.9
38 Candy 0.6 0.1 87.9 0.9
39 Quesadillas, nachos 0.5 0.0 88.4 0.9
40 Honey, jams, jellies, syrup 0.5 0.0 88.9 0.9
41 Grapefruit juice 0.5 0.1 89.4 0.9
42 Potato chips, packaged salted snacks 0.5 0.1 89.9 0.9
43 Pies 0.5 0.0 90.3 0.9
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Table 5. Foods contributing to dietary fiber (g) intake, Puerto Rican women.

Rank Food Group Name
Percent

Contribution
to Total Intake

Correlation
Coefficient (r)

Cumulative

Percent
Contribution

to Total Intake

Variability
(R2)

1 Bean dishes 11.0 0.3 11.0 0.1
2 Plantain dishes 7.8 0.3 18.9 0.2
3 Tannier, other tuber roots 6.5 0.4 25.4 0.4
4 Whole grain breads, crackers 6.5 0.4 31.8 0.5
5 White bread, rolls, crackers 5.5 0.1 37.4 0.5
6 Cooked cereal 4.1 0.3 42.2 0.6
7 Potatoes, other than French fries 3.5 0.1 45.7 0.6
8 Pasta dishes 2.8 0.2 48.5 0.7
9 Lettuce, green salads, greens 2.6 0.1 51.2 0.7

10 French fries 2.5 0.1 53.6 0.7
11 Bananas 2.4 0.1 56.1 0.7
12 Cold cereal 2.0 0.2 58.0 0.7
13 Apples, applesauce 1.9 0.2 59.9 0.8
14 Cakes, cookies, donuts 1.8 0.1 61.7 0.8
15 Mixed dishes with chicken 1.7 0.0 63.4 0.8
16 Rice 1.7 0.1 65.1 0.8
17 Rice and vegetable dishes 1.6 0.1 66.7 0.8
18 Mixed dishes with beef 1.4 0.0 68.2 0.8
19 Pears 1.4 0.1 69.6 0.8
20 Chicken sandwiches, wraps 1.4 0.0 71.0 0.8
21 Pizza 1.3 0.1 72.3 0.8
22 Peas 1.2 0.0 73.6 0.8
23 Mango 1.2 0.2 74.7 0.9
24 Beefsteaks, roasts, burgers 1.2 0.1 75.9 0.9
25 Mixed dishes with seafood 1.2 0.1 77.1 0.9
26 Sweet potatoes, yams 1.1 0.0 78.2 0.9
27 Orange juice 1.1 0.0 79.3 0.9
28 Oranges 0.9 0.1 80.2 0.9
29 Mixed dishes with ham or pork 0.8 0.1 81.0 0.9
30 Other fruit juices 0.8 0.0 81.8 0.9
31 Nuts, seeds 0.8 0.0 82.5 0.9
32 Cornbread, corn tortillas 0.8 0.1 83.3 0.9
33 Mixed fruit, other fruits not listed 0.8 0.1 84.1 0.9
34 Sweetened “juice” beverages 0.7 0.0 84.8 0.9
35 Vegetable soup 0.7 0.0 85.5 0.9
36 Chicken soup 0.6 0.0 86.1 0.9
37 Quesadillas, nachos 0.6 0.1 86.7 0.9
38 Cabbage, coleslaw 0.6 0.0 87.3 0.9
39 Yogurt 0.6 0.1 87.8 0.9
40 Other vegetables 0.6 0.1 88.4 0.9
41 Tomatoes 0.6 0.0 89.0 0.9
42 Potato chips, packaged salted snacks 0.5 0.1 89.5 1.0
43 Meal replacement shakes 0.5 0.0 90.0 1.0

Also reported in Tables 1–5 are the correlation coefficients, r, representing the strength and
direction of the relationships between participants’ intakes of foods and their total intakes of the
nutrient. Most food groups were positively correlated with nutrient intake, meaning that a greater
consumption of that food group was related to a greater intake of the nutrient. Most correlations were
weakly positive to moderately positive, between 0.10 and 0.30. Correlations greater than 0.19 were
significant at p < 0.05. Some food groups were negatively correlated with the intake of a nutrient,
although these negative correlation coefficients were small in magnitude. Cumulative R2, the percent
of variability in intake of the nutrient explained by food groups of that rank and higher, is also reported
in each table. For most nutrients, foods that were important contributors to intake also explained large
percentages of variability in the intake of that nutrient. In some cases, foods that were not important
contributors to total intake were large contributors to variability. Generally, these were foods that
were good sources of a nutrient but were not commonly consumed by participants. For example,
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potato chips and other packaged, salted snacks contributed less than 0.5% of total fat intake, but
explained an additional 3% of the variability of total fat intake. Pasta dishes accounted for only 2% of
energy intake, but explained an additional 6% of the variability in energy intake when added to the
regression model.

The prevalence of consumption of each of the food groups is shown in Table 6. Foods which
were important contributors to the intake of macronutrients were also generally consumed by most
participants. White breads, rolls and crackers were consumed by 82% of participants, cheese by 82%,
rice by 72%, plantain dishes by 45% and bean dishes by 68%.

Table 6. Prevalence of Consumption of Foods, Puerto Rican Women.

Rank Food Name Prevalence (%)

1 White breads, rolls, crackers 82
2 Cheese 82
3 Coffee, tea 77
4 Rice 72
5 Bean dishes 68
6 Ice cream, frozen desserts 67
7 Chicken, turkey 63
8 Candy 63
9 Cakes, cookies, donuts 60

10 Hot dogs, ham, lunchmeat 58
11 Reduced fat milk 57
12 Margarine 56
13 Lettuce, green salads, greens 55
14 Regular soda 54
15 Whole milk, whole milk beverages 50
16 Artificial sweeteners 49
17 Cooked cereal 48
18 Whole grain breads, crackers 47
19 Eggs 47
20 Plantain dishes 45
21 Sweetened “juice” beverages 44
22 Cold cereal 44
23 Rice and vegetable dishes 43
24 Potatoes, other than French fries 41
25 White sugar 39
26 Assorted condiments 35
27 Mixed dishes with chicken 35
28 Pork chops, roasts 35
29 Orange juice 34
30 Other fruit juices 34
31 Tomatoes 32
32 Pies 30
33 Chicken soup 27
34 Fish, other than fried 27
35 Mixed dishes with beef 27
36 Beefsteaks, roasts, burgers 27
37 Pasta dishes 26
38 Tannier, other tuber roots 25
39 Mixed dishes with seafood 24
40 Mayonnaise-based dressings, dips 24
41 Diet soda 23
42 Bananas 23
43 Mixed fruit, other fruits not listed 22
44 French fries 22
45 Yogurt 20
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Table 6. Cont.

46 Mixed vegetables, other vegetables not listed 19
47 Mixed dishes with ham or pork 18
48 Onions, garlic 18
49 Vegetable soup 16
50 Chicken sandwiches, wraps 16
51 Apples, applesauce 16
52 Oil-based dressings 15
53 Pizza 15
54 Corn 14
55 Carrots 14
56 Apple juice, apple cider 13
57 Tuna, tuna salad 13
58 Alcoholic beverages 13
59 Peas 13
60 Coleslaw, cabbage 13
61 Honey, jams, jellies, syrup 12
62 Nuts, seeds 11
63 Avocado, guacamole 11
64 Potato chips, packaged salted snacks 10
65 Olive oil 10
66 Sweet potatoes, yams 10
67 Mango 10
68 Green beans 9
69 Skim milk 9
70 Peanuts, peanut butter 8
71 Oranges 8
72 Broccoli 8
73 Grapefruit juice 7
74 Carrot juice 7
75 Fried chicken 7
76 Hot chocolate 7
77 Flour tortillas 7
78 Cucumber 7
79 Yucca 6
80 Squash 6
81 Pears 6
82 Papaya 6
83 Grapes 6
84 Meal replacement drinks 5
85 Cheesecake 5
86 Bacon 5
87 Plums 5
88 Pineapple 5
89 Fried fish 4
90 Shellfish 4
91 Popcorn 4
92 Berries 4
93 Soymilk 3
94 Sausages 3
95 Peaches, nectarines 3
96 Gelatin 2
97 Meat substitute 1
98 Butter 1

4. Discussion

The foods contributing to macronutrients in the reports from this sample of women in the
San Juan metropolitan area included important contributions from traditional Puerto Rican foods
(e.g., rice, plantains, fish, tuber roots and bean dishes) as well as from foods more characteristic
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of the USA/Western-type diet (e.g., white bread, rolls and crackers, meats, cheese, cakes, cookies
and donuts). Bean dishes were consumed at least once in the 3 days of dietary recall by more
than half of the study population and were the largest source of fiber intake. Legumes are also
consumed in the USA but are not as important sources of these nutrients [17]. Fish and fried fish,
included in the traditional Puerto Rican diet, were consumed at least once by about one third of the
women studied, contributing to more than 3% of protein intake but not contributing substantially to
energy intake. In the 2007–2010 USA National Health and Nutrition Examination Survey (NHANES),
fish consumption was similar [20]. In Puerto Rico, rice was an important contributor to energy and
carbohydrate intake. It was commonly seasoned and sometimes combined with vegetables such as
onions, peas (mostly the legume, pigeon peas), or tomatoes cooked in canola or corn oil. We divided
these dishes into two groups: plain rice, and rice and vegetable dishes. If these two rice groups
were combined, they would have been the largest contributor to both energy and carbohydrate
intakes. Additionally, many of the mixed dishes also contained rice and vegetables. In the 2003–2006
NHANES, rice was less important, contributing just about 1% of energy intake and 3% of carbohydrate
consumption [17]. Plantain, a traditional food in the Puerto Rican diet, was reported as consumed by
45% of participants. It was among the largest contributors to energy, carbohydrates and dietary fiber.
Another traditional food, starchy tuber roots were an important source of fiber and a less important
source of carbohydrates and energy. About a quarter of participants reported eating at least one
serving of tannier or other tuber roots. The largest sources of dietary fiber were traditional Puerto
Rican foods. Bean dishes, plantain dishes, and tannier and other tuber roots together contributed
more than a quarter of dietary fiber intake and explained about a third of the variability in intake.
Foods typical of a Western-type diet such as white bread, rolls and crackers, pasta and French fries
contributed smaller amounts of fiber in the diet. In the USA diet, by contrast, about 11% of fiber comes
from yeast bread and rolls, while about 8% comes from legumes [17]. The category of white breads,
rolls and crackers was the largest contributor to energy intake both in Puerto Rico and among USA
adults in the NHANES 2003–2006 data [17]. Soft drinks, an important source of energy intake in the
USA (20% of energy for adults 19–50), were not as important in our study population (4%). Beef was
a larger contributor to protein (14.5%, adults aged 19–50) in the USA [17] than for the Puerto Rican
women in our study (5.7%). These findings portray a diet in transition, including both the traditional
foods as well as contributions from foods that are more commonly part of western-type diets such as
that consumed in the USA.

The traditional Puerto Rican diet differs from that of other Hispanic groups in the USA. In our
study, as is typical of the Puerto Rican diet, corn and flour tortillas were not large contributors to
intake of any nutrient. Tortillas were consumed by only 7% of participants over the 3 days of analysis;
most of these servings were from commercial “Mexican-style” fast food restaurants. In Puerto Rico,
the dish called “tortilla” is very different; it is an egg-based dish. In another study of diet in Puerto
Rico by Palacios et al. [33], a food frequency questionnaire (FFQ) that included traditional Puerto Rican
foods was compared to a 6-day food record [34]. For that FFQ, foods were added to a questionnaire
developed by the National Cancer Institute, with alterations specific for Puerto Ricans living in the
USA [34] and those living in Puerto Rico [33]. Many of the foods that were added to the FFQ for that
study included ones that were also frequently reported by the participants in our study: mixed dishes
with rice, fritters, fish, avocado, canned meats, plantains, tannier, breadfruit, custard, pudding and
cheesecake were among the largest contributors to macronutrients in our study. Other foods such
as cranberries, West Indian cherry, Spanish lime, and Mallorca bread which were included in the
Palacios et al. [33] FFQ were reported infrequently, if at all, by participants in our study. Participants
in the Palacios study were a convenience sample of students, faculty and employees, both males
and females, at the Medical Sciences Campus of the University of Puerto Rico [33]. Our study only
included women but included a broader sample of the population and a broader age range.

There is less detailed recent information available regarding food sources for macronutrient intake
for Hispanics living in the USA [16,25–30,34–37]. There is some evidence that diet quality is poorer
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among Puerto Ricans in the USA compared to those in Puerto Rico [30], with low intake of fruits and
vegetables in Puerto Rico [38]. In our study, the average number of servings of fruit and vegetables was
2.7 per day. Our findings here do not focus on diet quality; rather these data are descriptive of the foods
contributing to intake. Among USA Hispanics, intakes differ by ethnic background [29,35], with some
evidence of poorer overall diet quality among those of Puerto Rican origin [35]. Among Puerto Ricans
in the USA, acculturation may affect dietary intakes [34].

These results provide insight into the diets of women living in Puerto Rico but need to be
interpreted in light of the strengths and weaknesses of this study. The use of three separate 24-h
recalls, use of the double-pass method of data collection, and provision of serving size pamphlets
to participants served to increase the validity of dietary reports. Collection of data by a trained and
highly experienced interviewer and the use of the NDSR served to reduce error. Further, the data came
from both a list of randomly selected residents and community-based faith groups, providing insight
regarding women in the San Juan population. A limitation is that the study was a relatively small one;
further studies of this kind including a larger number of individuals would be important for better
understanding diet in Puerto Rico. Because the study included only women, these results may not
accurately describe the diet of men living in Puerto Rico. In particular, there may be some differences
in the order of foods in their contribution to intake for men; it is likely that the foods included in
the list are similar. All participants in this study lived in the San Juan metropolitan area. Thus, this
study did not capture any regional variation in diet within the island; the results may not generalize to
women living in more rural areas. The mean age of study participants was 56.4 years. Diet at this age
is of interest because it is the age group typical for age of onset of major chronic diseases including
cancer and cardiovascular disease. Nonetheless, these results may not be a representation of the diets
of younger women. The group included in the study varied in terms of their characteristics; because
of the small sample size it is not possible to use these data to characterize subgroups such as those
divided by age or body mass index. Further, a potential source of error in calculation of nutrients was
the use of proxy foods to impute nutrient data in the NDSR for a small number of typical Puerto Rican
food items for which food composition data were not available. Finally, the groupings of foods in these
analyses affected the rankings of their contributions; decisions were made with regard to which foods
to group together and which to disaggregate.

5. Conclusions

This study of dietary intake of women living in Puerto Rico provides insight into a diet in transition
that differs from the USA diet overall and from USA Hispanics. The foods that were important
contributors to macronutrient intake in the Puerto Rican diet were a combination of traditional Puerto
Rican foods and those characteristic of a Western diet. While many foods important in the Hispanic
American diet such as rice and beans were also important in the Puerto Rican diet, other foods
commonly consumed by Hispanic Americans such as corn and flour tortillas were not important in the
Puerto Rican diet. The diet of these women living in Puerto Rican was a varied one with a large number
of foods contributing to intake and variability of energy and macronutrient intake. Identification of
foods sources of nutrients for this population with a diet in transition can contribute to the development
of instruments to measure dietary intake and to understand its contribution to the etiology of chronic
disease among Puerto Rican women. This study also points to the importance of disaggregating
dietary intake data for different ethnic and cultural groups categorized as Hispanic or Latino in order
to better understand potential diet-related contributions to disparities in chronic diseases.

Author Contributions: Conceptualization, M.S.-S., C.M.N., R.V.R.-R., F.A.R.-M. and J.L.F.; Formal analysis,
E.T.; Funding acquisition, M.S.-S., C.M.N., R.V.R.-R., F.A.R.-M. and J.L.F.; Investigation, C.M.N.; Methodology,
E.T., M.S.-S., C.M.N., S.E.M., A.E.M. and J.L.F.; Project administration, M.S.-S., C.M.N., R.V.R.-R. and J.L.F.;
Writing—original draft, E.T. and J.L.F.; Writing—review & editing, E.T., M.S.-S., C.M.N., R.V.R.-R., S.E.M., A.E.M.,
F.A.R.-M. and J.L.F.



Nutrients 2018, 10, 1242 13 of 15

Funding: Funded in part by the Department of Defense Congressionally Directed Medical Research Programs
(BC060131) and the National Cancer Institute (P20CA096256). The DOD and NCI had no role in the design,
analysis or writing of this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Puerto Rico Cancer Control Coalition and Puerto Rico Comprehensive Control Program. Puerto Rico
Comprehensive Cancer Control Plan 2015–2020. Available online: ftp://ftp.cdc.gov/pub/Publications/
Cancer/ccc/puerto_rico_ccc_plan.pdf (accessed on 30 July 2018).

2. Torres-Cintron, M.; Ortiz, A.P.; Perez-Irizarry, J.; Soto-Salgado, M.; Figueroa-Vallés, N.R.; De La
Torre-Feliciano, T.; Ortiz-Ortiz, K.J.; Calo, W.A.; Suárez-Pérez, E. Incidence and mortality of the leading
cancer types in Puerto Rico: 1987–2004. P. R. Health Sci. J. 2010, 29, 317–329. [PubMed]

3. Puerto Rican Central Cancer Registry/Puerto Rico Department of Health. Cancer in Puerto Rico, 2004–2009.
Available online: https://estadisticas.pr/files/BibliotecaVirtual/estadisticas/biblioteca/DS/DS_Cancer_
in_Puerto_Rico_2006-2010.pdf (accessed on 30 July 2018).

4. De Fatima Marinho de Souza, M.; Gawryszewski, V.P.; Ordunez, P.; Sanhueza, A.; Espinal, M.A.
Cardiovascular disease mortality in the Americas: Current trends and disparities. Heart 2012, 98, 1207–1212.
[CrossRef] [PubMed]

5. American Cancer Society. Cancer Facts & Figures 2017; American Cancer Society: Atlanta, GA, USA, 2017.
6. Kochanek, K.D.; Murphy, S.L.; Xu, J.; Tejada-Vera, B. Deaths: Final Data for 2014; National Center for Health

Statistics: Hyattsville, MD, USA, 2016.
7. Colón-Ramos, U.; Pérez-Cardona, C.M.; Monge-Rojas, R. Socio-demographic, behavioral, and health

correlates of nutrition transition dietary indicators in San Juan, Puerto Rico. Rev. Panam. Salud Publica
2013, 34, 330–335. [PubMed]

8. Block, G.; Dresser, C.M.; Hartman, A.M.; Carroll, M.D. Nutrient sources in the American diet: Quantitative
data from the NHANES II survey I. Vitamins and minerals. Am. J. Epidemiol. 1985, 122, 13–26. [CrossRef]
[PubMed]

9. Kim, J.; Kim, Y.J.; Ahn, Y.O.; Paik, H.Y.; Ahn, Y.; Tokudome, Y.; Hamajima, N.; Inoue, M.; Tajima, K.
Contribution of specific foods to fat, fatty acids, and cholesterol in the development of a food frequency
questionnaire in Koreans. Asia Pac. J. Clin. Nutr. 2004, 13, 265–272. [PubMed]

10. Tsubono, Y.; Takamori, S.; Kobayashi, M.; Takahashi, T.; Iwase, Y.; Iitoi, Y.; Akabane, M.; Yamaguchi, M.;
Tsugane, S. A data-based approach for designing a semiquantitative food frequency questionnaire for
a population-based prospective study in Japan. J. Epidemiol. 1996, 6, 45–53. [CrossRef] [PubMed]

11. Block, G.; Dresser, C.M.; Hartman, A.M.; Carroll, M.D. Nutrient sources in the American diet: Quantitative
data from the NHANES II survey. II. Macronutrients and fats. Am. J. Epidemiol. 1985, 122, 27–40. [CrossRef]
[PubMed]

12. Freudenheim, J.L.; Krogh, V.; D’Amicis, A.; Scaccin, C.; Sette, S.; Ferro-Luzzi, A.; Trevisan, M. Food sources
of nutrients in the diet of elderly Italians: I. Macronutrients and lipids. Int. J. Epidemiol. 1993, 22, 855–868.
[CrossRef] [PubMed]

13. Su, C.; Jia, X.; Wang, Z.; Wang, H.; Zhang, B. Trends in dietary cholesterol intake among Chinese adults:
A longitudinal study from the China Health and Nutrition Survey, 1991–2011. BMJ Open 2015, 5, e007532.
[CrossRef] [PubMed]

14. Reedy, J.; Krebs-Smith, S.M. Dietary sources of energy, solid fats and added sugars among children and
adolescents in the United States. J. Am. Diet. Assoc. 2010, 110, 1477–1484. [CrossRef] [PubMed]

15. Bachman, J.L.; Reedy, J.; Subar, A.F.; Krebs-Smith, S.M. Sources of food group intakes among the US
population, 2001–2002. J. Am. Diet. Assoc. 2008, 108, 804–814. [CrossRef] [PubMed]

16. O’Neil, C.E.; Nicklas, T.A.; Keast, D.R.; Fulgoni, V.L. Ethnic disparities among food sources of energy and
nutrients of public health concern and nutrients to limit in adults in the United States: NHANES 2003–2006.
Food Nutr. Res. 2014, 58. [CrossRef]

17. O’Neil, C.E.; Keast, D.R.; Fulgoni, V.L.; Nicklas, T.A. Food sources of energy and nutrients among adults in
the US: NHANES 2003–2006. Nutrients 2012, 4, 2097–2120. [CrossRef] [PubMed]

ftp://ftp.cdc.gov/pub/Publications/Cancer/ccc/puerto_rico_ccc_plan.pdf
ftp://ftp.cdc.gov/pub/Publications/Cancer/ccc/puerto_rico_ccc_plan.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20799522
https://estadisticas.pr/files/BibliotecaVirtual/estadisticas/biblioteca/DS/DS_Cancer_in_Puerto_Rico_2006-2010.pdf
https://estadisticas.pr/files/BibliotecaVirtual/estadisticas/biblioteca/DS/DS_Cancer_in_Puerto_Rico_2006-2010.pdf
http://dx.doi.org/10.1136/heartjnl-2012-301828
http://www.ncbi.nlm.nih.gov/pubmed/22826558
http://www.ncbi.nlm.nih.gov/pubmed/24553760
http://dx.doi.org/10.1093/oxfordjournals.aje.a114072
http://www.ncbi.nlm.nih.gov/pubmed/4014190
http://www.ncbi.nlm.nih.gov/pubmed/15331339
http://dx.doi.org/10.2188/jea.6.45
http://www.ncbi.nlm.nih.gov/pubmed/8795957
http://dx.doi.org/10.1093/oxfordjournals.aje.a114084
http://www.ncbi.nlm.nih.gov/pubmed/4014199
http://dx.doi.org/10.1093/ije/22.5.855
http://www.ncbi.nlm.nih.gov/pubmed/8282465
http://dx.doi.org/10.1136/bmjopen-2014-007532
http://www.ncbi.nlm.nih.gov/pubmed/26038359
http://dx.doi.org/10.1016/j.jada.2010.07.010
http://www.ncbi.nlm.nih.gov/pubmed/20869486
http://dx.doi.org/10.1016/j.jada.2008.02.026
http://www.ncbi.nlm.nih.gov/pubmed/18442504
http://dx.doi.org/10.3402/fnr.v58.15784
http://dx.doi.org/10.3390/nu4122097
http://www.ncbi.nlm.nih.gov/pubmed/23363999


Nutrients 2018, 10, 1242 14 of 15

18. Araujo, J.; Severo, M.; Lopes, C.; Ramos, E. Food sources of nutrients among 13-year-old Portuguese
adolescents. Public Health Nutr. 2011, 14, 1970–1978. [CrossRef] [PubMed]

19. Huth, P.J.; Fulgoni, V.L.; Keast, D.R.; Park, K.; Auestad, N. Major food sources of calories, added sugars, and
saturated fat and their contribution to essential nutrient intakes in the U.S. diet: Data from the National
Health and Nutrition Examination Survey (2003–2006). Nutr. J. 2013, 12, 116. [CrossRef] [PubMed]

20. Pasiakos, S.M.; Agarwal, S.; Lieberman, H.R.; Fulgoni, V.L. Sources and amounts of animal, dairy, and plant
protein intake of US adults in 2007–2010. Nutrients 2015, 7, 7058–7069. [CrossRef] [PubMed]

21. Gaitán Charry, D.A.; Estrada, A.; Argenor Lozzano, G.; Manjarres, L.M. Alimentos fuesntes de sodio: Analisis
basado en una encuesta nactional en Colombia. Nutr. Hosp. 2015, 32, 2338–2345. [PubMed]

22. De Souza, D.R.; Ados jnos, L.A.; Wahrlich, V.; Vasconcellos, M.T.L. Macronutrient food sources in
a probabilistic sample of Brazilian adults. Ciên Saúde Colet 2015, 20, 1595–1606. [PubMed]

23. Murphy, M.M.; Barraj, L.M.; Toth, L.D.; Harkness, L.S.; Bolster, D.R. Daily intake of dairy products in
Brazil and contributions to nutrient intakes: A cross-sectional study. Public Health Nutr. 2016, 19, 393–400.
[CrossRef] [PubMed]

24. Fabian, C.; Pagan, I.; Rios, J.L.; Betancourt, J.; Cruz, S.Y.; González, A.M.; Palacios, C.; González, M.J.;
Rivera-Soto, W.T. Dietary patterns and their association with sociodeomographic characteristics and
perceived academic stress of college students in Puerto Rico. P. R. Health Sci. J. 2013, 32, 36–43. [PubMed]

25. Block, G.; Norris, J.C.; Mandel, R.M.; DiSogra, C. Sources of energy and six nutrients in diets of low-income
Hispanic-American women and their children: Quantitative data from HHANES, 1982–1984. J. Am.
Diet. Assoc. 1995, 95, 195–208. [CrossRef]

26. Loria, C.M.; Bush, T.L.; Carroll, M.D.; Looker, A.C.; McDowell, M.A.; Johnson, C.L.; Sempos, C.T.
Macronutrient intakes among adult Hispanics: A comparison of Mexican Americans, Cuban Americans,
and mainland Puerto Ricans. Am. J. Public Health 1995, 85, 684–689. [CrossRef] [PubMed]

27. Cullen, K.; Baranowski, T.; Watson, K.; Nicklas, T.; Fisher, J.; O’Donnell, S.; Baranowski, J.; Islam, N.;
Missaghian, M. Food category purchases vary by household education and race/ethnicity: Results from
grocery receipts. J. Am. Diet. Assoc. 2007, 107, 1747–1752. [CrossRef] [PubMed]

28. Bermúdez, O.I.; Falcón, L.M.; Tucher, K.L. Intake and food sources of macronutrients among older Hispanic
adults: Association with ethnicity, acculturation, and length of residence in the United States. J. Am. Diet.
Assoc. 2000, 100, 665–673. [CrossRef]

29. Siega-Riz, A.M.; Sotres-Alvarez, D.; Ayala, G.X.; Ginsberg, M.; Himes, J.H.; Liu, K.; Loria, C.M.;
Mossavar-Rahmani, Y.; Rock, C.L.; Rodriguez, B.; et al. Food-group and nutrient density intakes by Hispanic
and Latino backgrounds in the Hispanic Community Health Study/Study of Latinos. Am. J. Clin. Nutr.
2014, 99, 1487–1498. [CrossRef] [PubMed]

30. Lopez-Cepero, A.; Valencia, A.; Jimenez, J.; Lemon, S.C.; Palacios, C.; Rosal, M.C. Comparison of dietary
quality among Puerto Ricans living in Massachusetts and Puerto Rico. J. Immigr. Minor Health 2017, 19, 494–498.
[CrossRef] [PubMed]

31. Ramos Valencia, G. Estudio Continuo de Salud Para los Municipios de Puerto Rico 2001. Available online:
http://www.shadac.org/sites/default/files/Old_files/PR_2001_HH_Report.pdf (accessed on 30 July 2018).

32. NDSR: Nutrition Coordinating Center: University of Minnesota. Available online: http://www.ncc.umn.
edu/products/ (accessed on 30 July 2018).

33. Palacios, C.; Trak, M.A.; Betancourt, J.; Joshipura, K.; Tucker, K.L. Validation and reproducibility of
a semi-quantitative FFQ as a measure of dietary intake in adults from Puerto Rico. Public Health Nutr.
2015, 18, 2550–2558. [CrossRef] [PubMed]

34. Tucker, K.L.; Bianchi, L.A.; Maras, J.; Bermudez, O.I. Adaptation of a food frequency questionnaire to assess
diets of Puerto Rican and non-Hispanic adults. Am. J. Epidemiol. 1998, 148, 507–518. [CrossRef] [PubMed]

35. Eicher-Miller, H.A.; Boushey, C.J. How often and how much? Differences in dietary intake by frequency
and energy contribution vary among US adults in NHANES 2007–2012. Nutrients 2017, 9, 86. [CrossRef]
[PubMed]

36. Van Rompay, M.I.; McKeown, N.M.; Castaneda-Sceppa, C.; Falcón, L.M.; Ordovás, J.M.; Tucker, K.L.
Acculturaltion and sociocultural influences on dietary intake and health status among Puerto Rican adults
in Massachusetts. J. Acad. Nutr. Diet 2012, 112, 64–74. [CrossRef] [PubMed]

http://dx.doi.org/10.1017/S1368980011001224
http://www.ncbi.nlm.nih.gov/pubmed/21729465
http://dx.doi.org/10.1186/1475-2891-12-116
http://www.ncbi.nlm.nih.gov/pubmed/23927718
http://dx.doi.org/10.3390/nu7085322
http://www.ncbi.nlm.nih.gov/pubmed/26308049
http://www.ncbi.nlm.nih.gov/pubmed/26545696
http://www.ncbi.nlm.nih.gov/pubmed/26017961
http://dx.doi.org/10.1017/S1368980015001780
http://www.ncbi.nlm.nih.gov/pubmed/26088363
http://www.ncbi.nlm.nih.gov/pubmed/23556264
http://dx.doi.org/10.1016/S0002-8223(95)00048-8
http://dx.doi.org/10.2105/AJPH.85.5.684
http://www.ncbi.nlm.nih.gov/pubmed/7733429
http://dx.doi.org/10.1016/j.jada.2007.07.007
http://www.ncbi.nlm.nih.gov/pubmed/17904935
http://dx.doi.org/10.1016/S0002-8223(00)00195-4
http://dx.doi.org/10.3945/ajcn.113.082685
http://www.ncbi.nlm.nih.gov/pubmed/24760972
http://dx.doi.org/10.1007/s10903-016-0480-5
http://www.ncbi.nlm.nih.gov/pubmed/27534857
http://www.shadac.org/sites/default/files/Old_files/PR_2001_HH_Report.pdf
http://www.ncc.umn.edu/products/
http://www.ncc.umn.edu/products/
http://dx.doi.org/10.1017/S1368980014003218
http://www.ncbi.nlm.nih.gov/pubmed/25621587
http://dx.doi.org/10.1093/oxfordjournals.aje.a009676
http://www.ncbi.nlm.nih.gov/pubmed/9737563
http://dx.doi.org/10.3390/nu9010086
http://www.ncbi.nlm.nih.gov/pubmed/28124990
http://dx.doi.org/10.1016/j.jada.2011.08.049
http://www.ncbi.nlm.nih.gov/pubmed/22389874


Nutrients 2018, 10, 1242 15 of 15

37. Mattei, J.; Sotres-Alverez, D.; Daviglus, M.L.; Gallo, L.C.; Gellman, M.; Hu, F.B.; Tucker, K.L.; Willett, W.C.;
Siega-Riz, A.M.; Van Horn, L.; et al. Diet quality and its association with cardiometabolic risk factors vary by
Hispanic and Latino ethnic background in the Hispanic Community Health Study/Study of Latinos. J. Nutr.
2016, 146, 2035–2044. [CrossRef] [PubMed]

38. Colón-López, V.; Banerjee, G.; Gertz, A.M.; Ortiz, A.P.; Calo, W.; Finney-Rutten, L.J.; Colón-Ramos, U.;
Hesse, B.W.; Tortolero, G. Behavioral correlates of fruit and vegetable intake in Puerto Rico: Results from the
Health Information National Trends Study. P. R. Health Sci. J. 2013, 32, 194–199. [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3945/jn.116.231209
http://www.ncbi.nlm.nih.gov/pubmed/27605403
http://www.ncbi.nlm.nih.gov/pubmed/24397217
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Population 
	Data Collection 
	Grouping of Foods 
	Ranking Foods Based on Intake Contribution 
	Ranking of Foods Based on Contribution to Variability 
	Calculating Prevalence of Consumption 

	Results 
	Discussion 
	Conclusions 
	References

