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Abstract

Puerto Rican adults have a greater prevalence of type 2 diabetes (T2D) and lower HDL-cholesterol (HDL-C) than the

general U.S. population. Carbohydrate nutrition may play a role in this disparity. Cross-sectional analyses included data

from 1219 Puerto Ricans aged 45–75 y enrolled in the Boston Puerto Rican Health Study. Using the Pearson chi-square

test and ANCOVA, lifestyle characteristics and dietary intake, as assessed by semiquantitative FFQ, were compared by

T2D status based on fasting plasma glucose concentration and medication use. Food source rankings for carbohydrate,

dietary glycemic load (GL), and fiber were obtained using the SAS procedure PROC RANK. Geometric mean plasma

HDL-C and TG concentrations were compared across quintiles of dietary carbohydrate, glycemic index (GI), GL, and fiber

by using ANCOVA and tests for linear trend. In multivariable analyses, individuals with T2D (39.5%) had lower dietary

carbohydrate, GL, and total sugar intake from lower intake of sugar, fruit drinks, and soda compared with those without

T2D. In individuals without T2D, dietary carbohydrate and GL were inversely associated with HDL-C (P < 0.0001).

Associations between dietary fiber and HDL-C were confounded by carbohydrate intake, apparently from concurrent

consumption of legumes with white rice, a refined carbohydrate food. No associations were observed between

carbohydrate, dietary GI, GL, or fiber and TG. In conclusion, individuals with T2D showed evidence of dietary modification.

Among those without diabetes, a high intake of refined carbohydrates was associated with decreased HDL-C.

Longitudinal research on carbohydrate nutrition in relation to diabetes risk factors and blood lipids in Puerto Ricans is

warranted. J. Nutr. 143: 182–188, 2013.

Introduction

Type 2 diabetes (T2D)6 is a critical public health concern and is
particularly prevalent among Hispanics, the fastest growing
ethnic group in the US (1). Puerto Ricans, the second largest U.S.
Hispanic subgroup, are reported to have the second highest
prevalence of T2D of all ethnic groups (2), and this is often
accompanied by obesity (3,4), hypertension (5), and dyslipide-
mia (4,6). Together, this constellation of cardiometabolic risk
factors in individuals with T2D contributes to a high risk of
cardiovascular disease (CVD).

The American Diabetes Association (ADA) provides dietary
recommendations to reduce disease progression among those
with T2D (7). These include monitoring carbohydrate intake,

both quantity and quality, to improve glycemic control. In
addition to restricting total carbohydrate intake and choosing
high-fiber foods such as fruits, vegetables, whole grains, and
legumes, the ADA has stated that the use of glycemic index (GI)
and glycemic load (GL) as measures of carbohydrate quality
may provide a modest additional benefit over carbohydrate
counting alone (7).

In addition to affecting glycemia, carbohydrate nutrition has
effects on plasma lipids such that a diet of poor carbohydrate
quality can cause or contribute to dyslipidemia. Low HDL-
cholesterol (HDL-C) and high TG have been reported with high
carbohydrate intake (8,9) as well as with high dietary GI or GL
(8,10,11); however, dietary fiber has been associated with
improvements in HDL-C, even among individuals at high risk
of CVD (12). In primarily Asian populations, where rice is the
main carbohydrate source, dietary GI and/or GL have been
linked to low HDL-C and high TG (13–15).

Puerto Rican adults suffer disproportionately from T2D and
dyslipidemia, yet few data exist on their lifestyle and dietary
characteristics by T2D status or on their dietary associations
with blood lipids. In the Boston area, Puerto Rican adults
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consuming a traditional rice, beans, and oils dietary pattern
were found to have higher total and central obesity (16) and a
higher prevalence of low HDL-C and metabolic syndrome (17),
a predisposition to T2D, compared with those consuming other
dietary patterns. The traditional Puerto Rican dietary pattern is
interesting in terms of its potential metabolic effects, given that
the 2 main carbohydrate sources, white rice and legumes, reflect
different sources of carbohydrate quality. However, there are
few investigations on the effects of carbohydrate nutrition, i.e.,
total carbohydrate intake, dietary fiber, GI, and GL, on blood
lipids in Puerto Rican or Hispanic populations with or without
T2D. The aims of this analysis were to characterize carbohy-
drate nutrition in Puerto Rican adults with and without T2D
and investigate associations between these carbohydrate nutrit-
ion measures and plasma HDL-C and TG.

Participants and Methods

Study population. The Boston Puerto Rican Health Study is an
ongoing cohort study of 1500 Puerto Rican adults aged 45–75 y in the

greater Boston area, which began in May 2004. Details of the study

methodology have been published (18). Briefly, eligible participants were
identified through enumeration of high-Hispanic density blocks, based

on year 2000 U.S. Census data, as well as through additional methods in

collaboration with a local community organization. Individuals were

considered eligible if they were of Puerto Rican origin based on self-
report, aged 45–75 y, not planning to move out of Massachusetts within

the 2 y following the baseline interview, and capable of answering

questions in Spanish or English (based on a Mini-Mental State Examina-

tion score >10 points). The present cross-sectional analyses included 1219
individuals [i.e., 345 (28%) men and 874 (72%) women] with complete

data on sociodemographics, lifestyle/behavioral variables, medication use,

fasting blood, and FFQ. The Institutional Review Board of Tufts Medical
Center approved the study protocol and procedures and all participants

provided written informed consent.

Data collection. Bilingual interviewers conducted 3- to 4-h interviews in
participants� homes. Questions included education level, smoking, and

alcohol use, and the names of all current prescription and over-the-

counter medications were recorded. Physical activity was estimated from

open-ended questions modeled after the Paffenbarger Harvard Alumni
Questionnaire (19) and a summary score was derived based on time

spent in different activities and the metabolic equivalents. Poverty was

defined using the U.S. Department of Health and Human Services

guidelines (20) based on information on total household income, family
size, and year of the study interview. Height, weight, and waist cir-

cumference were measured, in duplicate, using standard techniques and

the means of each were used. Dietary intake was estimated using an
interviewer-administered, semiquantitative FFQ that was designed for

this population. The FFQ format was initially derived from that of the

National Cancer Institute/Block FFQ but was modified using data from

Hispanic Health and Nutrition Examination Survey dietary recalls in
Puerto Rican adults to more accurately capture foods and portion sizes in

the Puerto Rican diet (21). Intake patterns during the previous 12 mo

were captured with detailed questions on frequency and portion size of

individual foods and mixed meals, beverages, and dietary supplements.

GI and GL. GI is calculated as the ratio of the glycemic response to a test

food over the response to a reference, such as glucose or white bread. For
the present study, we used the 2008 International Tables of Glycemic

Index and Glycemic Load Values (22) and additional publications (23–

25) to create a database of GI and GL values for foods and beverages

consumed by our study population. Foods with$5 g total carbohydrate/
medium portion size were assigned a GI value (26) and the remainder of

foods were assigned a GI value of zero. Detailed food preparation data

from the FFQ were used to choose appropriate GI values for foods such

as plantains, based on whether they were consumed green compared
with ripe or boiled compared with fried (27). We used GI values with

glucose as the referent and if multiple values were available, we used the

mean. For foods without an identical published GI value, we imputed the

value from the most similar food based on macronutrient and fiber
content as well as preparation method. To calculate each food�s GL and

each individual�s dietary GL and dietary GI, the following formulas were

applied: GL per food = GI 3 AvCHO/100, where AvCHO = grams of

available carbohydrate in one serving, dietary GL (summed over all
foods) = S [GL3 (number of servings/day)], and dietary GI = dietary GL/

total AvCHO 3 100. For mixed dishes such as rice and beans or pigeon

peas, we utilized the following formula: GImixed meal = SGIa3AvCHOa/

AvCHOtot, where GIa = GI of the ath food, AvCHOa = grams of
available carbohydrate in ath food, and AvCHOtot = grams of available

carbohydrate in a mixed dish. We calculated the GL of foods, and

therefore dietary GI and GL, using available carbohydrate, as done
elsewhere (11,28), because this has been reported to be more biologically

meaningful than using total carbohydrate.

Blood lipids and diabetes classification. Participants provided a 12-h

fasting blood sample within a few days after their study interview. Serum

glucose was measured using an enzymatic kinetic reaction on the
Olympus AU400e using Olympus Glucose Reagents (OSCR6121)

(Olympus America) with an intra-assay CV of 2%. Blood lipids were

obtained from EDTA plasma used for the lipoprotein profile with an

enzymatic endpoint reaction on the Olympus AU400e with Olympus
HDL-C (OSR6156) and TG (OSR6033) Reagents (Olympus America);

the intra-assay CV for TG was 2.8%. For the present study, we classified

participants as having T2D if their fasting plasma glucose concentration

was $126 mg/dL (7.0 mmol/L) and/or they were taking oral diabetes
medication or insulin (29).

Statistical analyses. Nutrient intakes were computed using Nutrition

Data System for Research software, version 2007 (Nutrition Coordi-

nating Center, University of Minnesota) and statistical analyses were

conducted in SAS for WINDOWS, version 9.1 (SAS Institute). All P
values were 2-sided. Individuals with an invalid FFQ, based on

implausible total energy intakes of <600 or >4800 kcal and/or missing

food items ($7), were excluded from the present analyses (n = 66).
Lifestyle variables by T2D status were compared using Student�s t test for
age and Pearson�s chi-square test for categorical variables. To obtain the

adjusted mean intake of selected dietary characteristics, including

nutrients, dietary GI and GL, and food groups, we first winsorized the
data (30) by identifying data points that were >2 SD from the remainder

of the distribution and substituting them with the next closest data point

to avoid undue influence by outliers. This was necessary only for intake

outliers at the high end of the distribution. Dietary intake means were
then computed with ANCOVA using untransformed data adjusting for

age, sex, and total energy intake; however, significant differences by T2D

were assessed using log-transformed data, for all variables except dietary

GI, to fulfill the homoscedasticity assumption of multivariate linear
regression. Food rankings for dietary carbohydrate, GL, and fiber were

obtained using the PROC RANK procedure.

Finally, quintile categories of dietary carbohydrate, GI, GL, and fiber
were separately created in individuals with or without T2D to evaluate

associations with blood lipids. All of these except dietary GI were energy

adjusted using the residual method (31) prior to creating quintiles;

dietary GI was not energy adjusted because it is a measure of carbohydrate
quality, which is not directly correlated with energy intake. As plasma

HDL-C and TG concentrations were log-transformed to improve normality,

geometric mean concentrations across quintiles of dietary variables were

computed using ANCOVA in 2 models. Model 1 was adjusted for age
(y), sex, education level (# or >8th grade), smoking (never, past, or

current), alcohol use (never, past, or current), physical activity level

(sedentary/light or moderate/heavy), waist circumference (cm), and
lipid-lowering medication use (yes/no). For dietary carbohydrate, GI,

and GL analyses, model 2 was additionally adjusted for dietary fat and

fiber intake. For dietary fiber analyses, model 2 was additionally adjusted

for dietary fat and carbohydrate intake. Tests for linear trend of blood
lipids across quintiles of dietary carbohydrate, GI, GL, and fiber were

conducted by including the median value per quintile as a continuous

variable in multivariate linear regression models. Analyses were tested for
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effect modification by sex, lipid-lowering medication use, and waist

circumference, but no significant interaction was detected.

Results

The prevalence of T2D in this sample of Puerto Rican adults
aged 45–75 y was 39.5%. Individuals with T2D tended to be
older (P < 0.0001) and have less education (P < 0.005) and were
less likely to be current smokers (P = 0.02) or alcohol consumers
(P = 0.0002) than those without T2D (Table 1). Individuals with
T2D were more likely to be obese (BMI $30 kg/m2; 68.4 vs.
49.9%, respectively) and display central obesity (79.6 vs. 65.9%,
respectively) and they were approximately twice as likely to be
taking antihypertensive (76.9 vs. 40.4%, respectively) or lipid-
loweringmedications (62.1 vs. 26.3%, respectively) comparedwith
those without T2D (P < 0.0001 for each characteristic). Glycemic
control among those with T2D was relatively poor, as measured
by glycosylated hemoglobin; mean (SD) was 8.4 (2.0)%, and
74% had glycosylated hemoglobin $7% (data not shown).
Further, individuals with T2D had lower levels of acculturation
than those without T2D according to proxy measures including
language acculturation.

Compared with those without T2D, individuals with T2D
consumed less carbohydrate and had a lower dietary GL
(P < 0.0001 for both), which appeared to be mainly from lower
intake of total sugars (99.4 vs. 110 g/d; P < 0.0001) (Table 2).
Total dietary fiber was similar between groups, with the main
source being legume fiber, comprising ~33% of total fiber (data
not shown). With respect to food sources of dietary fiber,
individuals with T2D consumed more hot breakfast cereal (74.2
vs. 60.5 g/d; P = 0.0008) than did those without T2D. For other
main carbohydrate food sources, individuals with T2D reported
lower intakes of fruit juice (P = 0.02) and sugar-sweetened
beverages such as fruit drinks and soda (P = 0.02 and P < 0.0001,
respectively) aswell as sugar added to coffee and/or tea (P < 0.0001).
Dietary GL food sources were similar to carbohydrate food sources
but included more medium- and high- (vs. low-) GI foods (Table 3).
Regardless of T2D status, legumes (beans and peas) were the top
contributor to dietary fiber intake, followed by grains, both whole
(oatmeal and whole wheat bread) and refined (rice with beans/peas,
white bread, and pasta), and starchy vegetables (plantains and sweet
potatoes).

In the total sample, simple correlations among measures of
carbohydrate nutrition showed that total carbohydrate was
highly correlated with dietary GL and fiber (r = 0.98 and 0.79,
respectively; P < 0.0001) but not with dietary GI (r = 0.0014;
P = 0.96), although dietary GI was correlated with dietary GL
(r = 0.17; P < 0.0001) and inversely with dietary fiber (r =20.10;

TABLE 1 Lifestyle characteristics of Puerto Rican adults with
and without T2D1

No diabetes
(n = 738, 60.5%)

Diabetes
(n = 481, 39.5%)

P
value

Age, y 56.3 6 0.3 58.9 6 0.3 ,0.0001

Female, % 72.0 71.3 0.81

Education #8th grade, % 44.9 53.2 0.005

Poverty, % 57.2 59.4 0.47

Born in Puerto Rico, % 95.6 97.5 0.09

Length of stay in the US, y 33.5 6 0.5 35.1 6 0.6 0.03

Language acculturation,2 % 25.8 6 0.8 21.9 6 1.0 0.003

Physical activity, % 0.13

Sedentary/light 94.9 96.7

Moderate/heavy 5.2 3.3

Current smoking, % 26.9 20.9 0.02

Current alcohol use, % 43.5 32.8 0.0002

BMI, % ,0.0001

Normal (,25) 15.9 8.3

Overweight (25–29) 34.2 23.3

Obese class I (30–34) 29.1 31.6

Obese class II (35–39) 12.6 20.6

Obese class III ($40) 8.2 16.2

Central obesity,3 % 65.9 79.6 ,0.0001

Antihypertensive medication

use, %

40.4 76.9 ,0.0001

Lipid-lowering medication

use, %

26.3 62.1 ,0.0001

Diabetes medication use, %

None – 17.7 –

Oral only – 56.3 –

Oral and insulin – 26.0 –

1 Values are mean 6 SEM or percentages. T2D, type 2 diabetes.
2 Language acculturation was assessed using a modified Bidimensional Acculturation

Scale for Hispanics (54), which asks about language(s) typically used for 7 daily

activities. Responses were recorded on a 5-point Likert scale, with 1 being ‘‘only

Spanish’’ and 5 being ‘‘only English,’’ and a summary score was constructed with a

range of 0 to 100, with 0 representing 0% acculturation (Spanish only) and 100, 100%

acculturation (English only).
3 Central obesity was defined as waist circumference .102 cm for men and .88 cm

for women.

TABLE 2 Dietary characteristics of Puerto Rican adults with
and without T2D1

No diabetes
(n = 738, 60.5%)

Diabetes
(n = 481, 39.5%)

P
value2

Carbohydrate, g/d 272 6 2 265 6 2 ,0.0001

Dietary GI 57.4 6 0.2 57.2 6 0.2 0.25

Dietary GL 145 6 1 140 6 1 ,0.0001

Total dietary fiber, g/d 18.9 6 0.2 19.4 6 0.3 0.30

Total energy, kJ/d 9530 6 142 9350 6 172 0.24

Total sugars, g/d 110 6 2 99 6 2 ,0.0001

Protein, g/d 89.7 6 0.7 94.7 6 0.8 0.0002

Total fat, g/d 77.5 6 0.6 79.9 6 0.7 0.02

Food groups,3 g/d

Beans 70.2 6 2.4 69.9 6 2.9 0.81

Cold breakfast cereal 10.1 6 0.5 9.9 6 0.6 0.35

Hispanic root crops 43.7 6 1.6 43.4 6 2.0 0.70

Hot breakfast cereal4 60.5 6 2.8 74.2 6 3.3 0.0008

100% fruit juice 177 6 9 169 6 11 0.02

Fruit drinks (not 100% juice) 97.2 6 6.8 93.9 6 8.1 0.02

Milk, plain or in cereal 182 6 7 189 6 9 0.09

Pasta 35.4 6 1.6 39.6 6 2.0 0.48

Soft drinks, regular 80.2 6 6.7 61.1 6 8.0 ,0.0001

Sugar in coffee or tea 11.9 6 0.5 5.9 6 0.6 ,0.0001

White bread and bagels 32.9 6 1.2 32.7 6 1.4 0.60

White rice including mixed

dishes

196 6 5 189 6 6 0.14

1 Values are mean 6 SEM. Means of dietary variables by diabetes status were

obtained using ANCOVA, adjusting for age, sex, and total energy. GI, glycemic index;

GL, glycemic load; T2D, type 2 diabetes.
2 P values based on significance tests with logged data for all variables except dietary

GI.
3 Food groups listed were the top contributors to dietary carbohydrate in the study

sample.
4 Hot breakfast cereal included oatmeal, grits, cream of wheat, and cream of rice

cereal.
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P = 0.0003) (data not shown). In individuals with T2D, no
significant associations were observed between measures of
carbohydrate nutrition and HDL-C or TG. Among individuals
without T2D, multivariate analyses with adjustment for dietary
fiber intake showed strong inverse trends between HDL-C and
both carbohydrate and dietary GL (P-trend < 0.0001) (Fig. 1).
However, no association was observed between dietary GI and
HDL-C (data not shown). An inverse association was initially
found between dietary fiber and HDL-C; however, this associ-
ation was attenuated and no longer significant after adjusting for
total carbohydrate intake (data not shown). No significant
associations were observed between TG and carbohydrate,
dietary GI, GL, or fiber intake in individuals without T2D.

Discussion

To our knowledge, this is the first cross-sectional study to
investigate measures of carbohydrate nutrition in Puerto Rican
adults in relation to T2D status and to report significant inverse
associations between HDL-C and total carbohydrate and dietary
GL in Puerto Rican adults without T2D. Dietary intake differed
between groups, suggesting that individuals with T2D may have
modified their diet as a consequence of the disease, specifically,
toward lower intake of carbohydrate, dietary GL, and total
sugars. Among individuals without T2D, significant inverse
associations were observed between total carbohydrate and
dietary GL in relation to HDL-C, but no association was
observed between any carbohydrate nutrition measure and TG.
An initial association between dietary fiber and HDL-C was
confounded by carbohydrate intake, likely due to frequent
consumption of legumes, the primary dietary fiber source, with
white rice, a refined-carbohydrate food.

In the present study, Puerto Rican adults with T2D appeared
to have made some dietary modifications toward improved
carbohydrate quality, including reduced consumption of sugar-
sweetened beverages such as fruit drinks and soda, less sugar
added to coffee or tea, and greater intake of hot breakfast cereal.
Consequently, those with T2D consumed lower quantities of
carbohydrate and total sugars, which translated into lower
dietary GL. Although national trends in carbohydrate intake
have shown an increase from 1988 to 2004 among adults with
self-reported T2D (32), evidence suggests that individuals are
making some dietary modifications (33), such as switching to
diet soda (34). Nonetheless, in the present study, only 22–25%
of individuals met the dietary recommendations for fiber of 25–
38 g/d for women and men aged #50 y and 21–30 g/d for those
aged >50 y (35) despite a high intake of legume fiber (6.4 6 0.2
g/d), their main fiber source, compared with the general U.S.
population (36).

Among individuals with T2D, no associations were observed
between measures of carbohydrate nutrition and HDL-C or TG.
This may be due to the high prevalence of lipid-lowering
medication use (62% of individuals) and the possibility that
individuals may have changed their diets in response to their

TABLE 3 Top contributors to carbohydrate, dietary GL, and
dietary fiber in Puerto Rican adults with and without T2D1

Food group
No diabetes

(n = 738, 60.5%)
Diabetes

(n = 481, 39.5%) GI
GI

class2

% Rank % Rank

Carbohydrate

White rice 6.2 1 6.2 1 79 High

Rice with beans or

pigeon peas

5.7 2 5.6 2 74 High

Beans 4.4 3 4.7 3 31 Low

Sugar in coffee and/or tea 4.4 4 2.2 9 65 Medium

Orange juice (100% juice) 3.3 5 3.3 4 50 Low

White bread 3.3 6 3.2 5 71 High

Cold cereal 3.1 7 3.2 6 71 High

Soft drinks, regular 3.0 8 2.5 7 57 Medium

Plantains, green bananas 2.4 9 2.4 8 50 Low

Pasta 1.8 10 2.0 11 44 Low

Oatmeal 1.5 14 2.0 10 65 Medium

Dietary GL

White rice 9.0 1 9.2 1 79 High

Rice with beans or pigeon

peas

6.4 2 6.4 2 74 High

Sugar in coffee and/or tea 5.3 3 2.5 7 65 Medium

White bread 4.3 4 4.2 3 71 High

Cold cereal 3.8 5 4.1 4 71 High

Soft drinks, regular 3.2 6 2.7 6 57 Medium

Orange juice (100% juice) 3.0 7 3.1 5 50 Low

Plantains, green bananas 2.3 8 2.3 8 50 Low

Rice with chicken 2.2 9 2.2 9 74 High

Cranberry juice 2.0 10 2.2 11 59 Medium

Oatmeal 1.5 13 2.2 10 65 Medium

Dietary fiber

Beans 21.4 1 21.4 1 31 Low

Rice with beans or pigeon

peas

7.4 2 6.8 2 74 High

Oatmeal 3.3 3 4.3 3 65 Medium

Peas (pigeon peas or

cowpeas)

3.0 4 2.9 4 45 Low

Cold cereal 3.0 5 2.9 5 71 High

Plantains, green bananas 2.6 6 2.5 6 50 Low

White bread 1.9 7 2.1 7 71 High

Salad greens 1.9 8 1.9 8 0 n/a

Pasta 1.8 9 1.9 10 44 Low

Sweet potatoes, yams 1.8 10 1.9 11 70 High

100% whole wheat bread 1.6 12 1.9 9 69 Medium

1 Data are percentage of the nutrient contributed by each food. GI, glycemic index; GL,

glycemic load; T2D, type 2 diabetes.
2 GI classifications are: low GI: #55; medium GI: 56–69; and high GI: $70 (55).

FIGURE 1 Adjusted mean plasma HDL-C concentrations across

quintiles of carbohydrate and dietary GL in Puerto Rican adults without

T2D, n = 738. Carbohydrate and dietary GL were energy adjusted

using the residual method before creating quintiles. Values are

geometric means obtained by back-transforming logged HDL-C

concentrations and using ANCOVA, adjusted for age, sex, education

level, smoking, alcohol use, physical activity, waist circumference,

lipid-lowering medication use, total energy, total fat, and dietary fiber

intake. P-trend , 0.0001 for both. GL, glycemic load; HDL-C, HDL-

cholesterol; T2D, type 2 diabetes.
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diagnosis. Further, our previous investigation of CVD risk
factors in this study population (4) documented low HDL-C
concentrations among 62 and 73% of men and women with
T2D, respectively. Across categories of glucose dysregulation,
prevalent obesity, hyperglycemia, and dyslipidemia were ob-
served, but prevalence was particularly high in individuals with
impaired fasting glucose (i.e., prediabetes) or T2D. Among those
with T2D, achievement of the ADA treatment goals was low,
with only 4% meeting all 3 goals.

In individuals without T2D, consistent with the literature, we
found strong inverse associations between HDL-C and carbo-
hydrate intake (8,11,13) as well as dietary GL (8,10,11,13),
independent of sociodemographic characteristics, lifestyle and
behavioral factors, anthropometrics, and medication use. Previ-
ous studies have documented the high prevalence of low HDL-C
in Puerto Rican adults (4,6), which contributes to dyslipidemia
in those with T2D, and our results suggest a possible link
between carbohydrate quantity and quality and low HDL-C in
this group. Unlike many reports, we did not detect an associ-
ation between TG and carbohydrate (8,9), dietary GI (8,9), or
dietary GL (8,10,11,13–15), which could be due to the relatively
lower prevalence of hypertriglyceridemia in Hispanic than in
non-Hispanic white adults (37).

Dietary patterns in Puerto Rican adults characterized by
frequent consumption of rice and beans have been associated
with metabolic syndrome and low HDL-C (17) as well as higher
BMI and waist circumference (16). Of the few studies conducted
on dietary GI and GL in U.S. Hispanics, 2 studies in Mexican
adults reported dyslipidemia (low HDL-C and high TG) with
higher dietary GI or GL (15) as well as higher total cholesterol
and LDL-C with a high-GI, low-fiber diet (38). However,
another study in Cuban Americans found no adverse effects of
dietary GI or GL on HDL-C (33). A high intake of white rice has
been linked to harmful effects on cardiometabolic risk factors,
including low HDL-C and other components of metabolic
syndrome (39,40) as well as T2D (41–43), whereas brown rice
intake has been associated with elevated HDL-C (44) and
reduced risk of T2D (42). Further, legume intake has shown
beneficial cardiometabolic effects, including improved lipid
profiles (45,46) and reduced risk of CVD (47). In the general
U.S. population, the diets of rice consumers (48) and bean
consumers (36) tend to be more nutrient rich and include more
vegetables and dietary fiber than those of nonconsumers,
offering greater protection against CVD risk factors (49).
However, in our sample, an inverse trend in HDL-C was
detected across dietary fiber quintiles, which was confounded by
total carbohydrate intake. This could be explained by a unique
dietary pattern characterizing dietary fiber intake in this
population, in which the main contributors to dietary fiber
were both high-fiber, low- to medium-GI foods such as beans
and oatmeal as well as low-fiber, high-GI refined grains such as
white rice and white bread. Similarly, in a Japanese population,
an observed protective effect of steamed white rice intake on
CVD outcomes was likely confounded by dietary fiber, as rice
was their second major fiber source (50,51). In populations that
consume white rice as a staple, not only is white rice often an
important source of fiber, but its concurrent consumption with
legumes may muddle metabolic effects. Within a Costa Rican
staple dietary pattern, in which consumption of white rice and
beans was directly correlated, high-GI foods such as white rice
seemed to overcome the potential beneficial effects of beans on
low HDL-C and myocardial infarction risk (39). Similarly, for
Puerto Rican adults, the relative composition of meals consisting
of mainly refined carbohydrate, high-GI white rice consumed

with lesser quantities of high-fiber, low-GI legumes may override
the favorable effects of legumes and dietary fiber on blood lipids
such as HDL-C. The present findings suggest that, whereas
legume consumption may be an indicator of a healthy diet in the
general U.S. population (36), it was associated with a high-GI
dietary pattern in this Puerto Rican population, a novel research
finding that deserves future study.

The implications of the study findings for Puerto Rican adults
with prediabetes or T2D include the importance of considering
carbohydrate source, with a focus on increasing consumption of
high-fiber foods and decreasing consumption of refined grain
foods as well as an emphasis on behavioral modifications to
decrease obesity and other CVD risk factors. We previously
found low physical activity levels in this sample of Puerto Rican
adults, with ~90% reporting sedentary/light activity (4). Low
socioeconomic status, as represented by low levels of education
and poverty status, may have been correlated with low physical
activity, and low socioeconomic status was also associated with
a higher likelihood of T2D and poorer diabetes control. In
contrast, being above the poverty level was associated with
better carbohydrate quality (lower dietary GI and starch intake
and greater fruit and non-starchy vegetable intake) with in-
creased language acculturation in this study sample (52). Taken
together, these findings underscore the importance of increased
attention on CVD risk profiles as well as culturally sensitive
lifestyle intervention and education programs in Puerto Rican
adults.

This study has several strengths. First, study participants
completed a specially designed FFQ, which allowed the estima-
tion of aspects of carbohydrate nutrition, including dietary GI
and GL and categories of dietary fiber, in Puerto Rican adults.
Detailed information on traditional Hispanic dishes, including
plantains and white rice-based mixed dishes, was used to assign
appropriate GI values to foods and to create an extensive GI
database for future studies in this population. Collection of
fasting blood samples and information on prescribed medica-
tions allowed objective classification of individuals with T2D,
minimizing error of self-reports. Finally, this was a large sample
of community-dwelling Puerto Rican adults with extensive
questionnaire, anthropometric, and biological data. Data from
biological samples, medication use, and dietary intake provided
the opportunity to investigate associations between blood lipids
and carbohydrate nutrition measures in this understudied
population.

The limitations of this research include the cross-sectional
design and lack of data on duration of T2D; however, the
extensive diabetes, antihypertensive, and lipid-lowering medi-
cation use suggests that, on average, individuals may have been
experiencing an advanced stage of the disease. A single, fasting
blood measure may have misclassified some individuals with
T2D, but this is a valid method of disease classification
recommended by the ADA (29). Finally, for some foods, an
exact GI value was not available and thus GI assignments were
based on imputed values from similar foods or estimated using
mixed-meal calculations. Nonetheless, we think that foods and
mixed meals were appropriately ranked, producing a valid
estimate of dietary GI and GL.

Puerto Rican adults with T2D had evidence of dietary im-
provement toward better carbohydrate quality, which included
lower intakes of carbohydrate, GL, and sugars compared with
thosewithout T2D. In individuals without T2D, inverse associations
with HDL-C reflected the harmful effects of a high-carbohydrate,
high-dietary GL diet and the confounding effect of refined
carbohydrate intake on dietary fiber in this population. Dietary
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recommendations for Puerto Rican adults should include
consuming a greater proportion of beans to white rice, as has
been associated with more favorable cardiometabolic profiles in
Costa Rican adults (53), and replacement of white rice with
brown rice (42,44). In addition, continued research on the
effects of white rice, legumes, and other possible factors
influencing glucose metabolism, dyslipidemia, T2D, and CVD
risk in this ethnic group is warranted.
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