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Abstract
Background—Nutritional status is an important determinant of HIV outcomes.

Objective—We assessed the association between dietary patterns identified by cluster analysis and
change in body mass index (BMI; in kg/m2), CD4 count, and viral load (VL).

Design—HIV-positive adult male subjects (n = 348) with a BMI ≥ 20.5 were evaluated by
biochemical, body composition, and dietary data. Cluster analysis was performed on 41 designated
food groups derived from 3-d food records. Dietary clusters were compared for sociodemographic,
nutrient intake, and clinical outcomes. Multivariate linear regression assessed associations between
dietary clusters and change in BMI, CD4 count, and VL.

Results—We observed 3 dietary patterns: juice and soda; fast food and fruit drinks; and fruit,
vegetable, and low-fat dairy. Subjects in the fast food and fruit drinks pattern had the lowest fiber
intake, highest VL, and lowest CD4 count and had a lower income than did subjects in the other 2
clusters. Subjects in the fruit, vegetable, and low-fat dairy diet pattern had higher intakes of protein,
fiber, and micronutrients and the highest BMI and CD4 count. Subjects in the juice and soda pattern
had higher energy intakes and lowest BMI. On average, the fast food and fruit drinks cluster and
fruit, vegetable, and low-fat dairy cluster gained 0.33 (P = 0.06) and 0.42 (P = 0.02), respectively,
more in BMI than the juice and soda cluster across the study interval in a multivariate model.

Conclusions—In a cohort of HIV-positive men, we identified 3 distinct dietary patterns; each
pattern was associated with specific nutrition, demographic, and HIV-related variables.

INTRODUCTION
Research evaluating the role of nutrition in HIV infection focused initially on loss of weight
or lean body mass (LBM) and wasting (1,2).Each of these variables was found to be associated
with increased risk of opportunistic infections and death (3). Even in the era of highly active
antiretroviral therapy(HAART), unintentional weight loss is associated with increased risk of
mortality (4). However, the issue is complex, because HAART has improved life expectancy,
changed the nutrition profile, and presented new challenges for persons living with HIV
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infection (5–7). Indeed, dyslipidemia, insulin resistance, metabolic syndrome, and obesity are
now frequently seen among persons living with HIV (8–14). Although risk of coronary heart
disease is associated with metabolic and body composition alterations in the general
population, the underlying mechanisms remain unclear in persons living with HIV infection
(9,15,16). Thus, nutrition priorities vary, and dietary recommendations may be less
straightforward as HIV treatment and outcomes continue to evolve.

Although body composition and biochemical measures of metabolic risk were extensively
investigated in HIV, the role of diet has received less attention. Traditional dietary analysis
was used to describe nutrient deficiencies and to examine outcomes in relation to dietary intake
of individual macronutrients or micronutrients (17,18). Although important, the association of
individual nutrient intakes with disease outcomes can be difficult to detect, because nutrients
are not consumed in isolation and act synergistically in the body (19,20).

To address the limitations of studying individual nutrient intakes, dietary pattern analysis has
emerged as a method of assessing total food consumption (19,21–23). Such analysis allows
for the examination of the effects of many dietary components, considered in aggregate, on the
outcome of interest (20). Although the use of patterning methods to analyze dietary data is still
being refined, there is a considerable body of literature on the topic (24–30). A common
approach is cluster analysis, which groups persons into mutually exclusive groups based on
differences in mean intakes of foods (20). Inherent subjectivity occurs throughout the pattern
analysis because investigators must decide how to collapse the data (typically into food groups)
and how to quantify the variables (as weight, frequency, or percentage of energy) (20). Finally,
naming the derived patterns involves subjectivity, which may be described quantitatively based
on the predominate food group consumed (fruit, vegetable) or qualitatively (healthy pattern)
(20). Cluster analysis was used to characterize dietary patterns that were associated with
obesity, cardiovascular disease, and metabolic syndrome in the general population (22,27,
31–33).

In this study we used cluster analysis to derive dietary patterns in a sample of 348 HIV-positive
men. We then examined prospectively how these patterns were associated with change in body
mass index (BMI; in kg/m2), CD4 count, or viral load (VL) over an interval of ≈8 mo. To our
knowledge, this is the first study that has used cluster analysis to examine dietary patterns in
an HIV-positive population.

SUBJECTS AND METHODS
Nutrition for Healthy Living (NFHL), a longitudinal cohort study examining the nutritional
and metabolic consequences of HIV infection, was conducted in Massachusetts and Rhode
Island from February 1995 to June 2005. Inclusion criteria were documented HIV infection
and age ≥ 18 y. Exclusion criteria for NFHL were pregnancy, thyroid disease, diabetes,
malignancies other than Kaposi sarcoma, or inadequate fluency in English. The Tufts-New
England Medical Center Institutional Review Board reviewed the study, and participant
confidentiality was ensured (2).

Visits occurred biannually; information on sociodemographic characteristics, clinical status,
quality of life, use of recreational drugs, and use of HIV-related medications were obtained at
each visit. Fasting blood at each visit was measured for immunologic, biochemical, and
nutrition markers. For this study, data from the most recent 2 consecutive visits of male
participants with complete and reliable 3-d food records, as determined by a trained nutritionist,
were used. To exclude wasting, only subjects with a BMI ≥ 20.5 were included.

Body composition was assessed by anthropometry and bioelectrical impedance analysis.
Weight, height, skinfold thickness, and waist and hip circumferences were collected following
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the standardized methods of Lohman et al (34). BMI was calculated. Bioelectrical impedance
analysis was performed with the use of a Quantum hand-held analyzer (RJL Systems, Clinton
Township, MI) to measure resistance and reactance. LBM and fat estimates were derived with
the use of the equation of Lukaski et al (35). Resting energy expenditure (REE) was measured
with the use of indirect calorimetry by measuring oxygen and carbon dioxide exchange with
the use of a VMax Series 29n calorimeter (Sensor Medics Corporation, Yorba Linda, CA) and
calculated with the use of the Weir equation (36). Subjects were studied recumbent in a quiet,
dimly lit room.

Dietary intake was obtained by collecting 3-d food records. A trained nutritionist followed a
standardized procedure at the baseline visit in the NFHL study. Participants were instructed
on how to keep a 3-d food record and were given a food scale (Sunbeam Corporation,
Mississauga, Canada) and a ruler to estimate portion size. One week before each biannual visit,
the participants were mailed a 3-d food record. Completed food records were reviewed by the
nutritionist with the patient. Dietary intake data were analyzed with the use of the NUTRITION
DATA SYSTEM FOR RESEARCH (NDS-R) software developed by the Nutrition
Coordinating Center, University of Minnesota, Minneapolis, MN, using the version concordant
with the time of data collection (37,38). Food insecurity was assessed with the use of validated
hunger and food insecurity items (39).

We categorized all foods in NDS-R and new foods consumed by our study participants into
food groups, as previously described, mainly according to macronutrient composition or
primary ingredient (32). Approximately 30 000 foods were previously classified by NDS-R;
5023 foods were either reclassified or new foods. We determined the commonly consumed
foods and beverages in our population and created 41 food groups (see Appendix A). Vitamin
and mineral supplements, nonnutritive over-the-counter medications, and fiber supplements
were not included in the cluster analysis (although were included in the nutrient analysis); any
food group that was not recorded by ≥10% of the study sample was also excluded. High-fiber
cereals (≥2.5 g/serving) were separated from low-fiber cereals (<2.5 g/serving). Similarly,
high-fat dairy products (whole or 2% fat milk) had its own group, whereas those low in fat
(skim or 1% fat milk) comprised a separate group. For cluster analysis, food group intake may
be measured in absolute weight (in grams), percentage of energy, or frequency (number of
servings) (20). Although each method has limitations, percentage of energy does not consider
certain foods that may affect health (such as water, diet soda, tea) and serving size of foods are
not consistent. Because these foods are commonly consumed in our population and help define
dietary patterns, we chose to quantify food group intake with the use of absolute weight in
grams per day. This approach has been used successfully in other studies, leading to
interpretable patterns that were associated with meaningful health outcomes (40–43).

CD4 cells were counted with the use of a fluorescent monoclonal antibody-labeled cell sorter.
HIV RNA VLs were determined with the use of Roche Amplicor Monitor reverse transcriptase
polymerase chain reaction assay (Roche Molecular Systems, Somerville, NJ). The lower
detection limit was 400 copies/mL (2.6 log10 copies/mL).HAART was defined as receipt of
any of the following regimens: 2 protease inhibitors, 1 protease inhibitor and 2 nucleotide
reverse transcriptase inhibitors, or 1 non-nucleotide reverse transcriptase inhibitors and 2
nucleotide reverse transcriptase inhibitors.

Statistical analyses
All statistical analyses were performed with the use of SAS statistical software (version 9.1;
SAS Institute, Cary, NC). We conducted analyses with data from a single visit and change
across the study interval. All change values for VL, CD4 count, BMI, REE per kilogram, and
energy intake per kilogram were computed by subtracting the measurement at the beginning
of the time interval from the end of the time interval. All other data presented were collected
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at the beginning of the study interval. The main predictors of interest were the dietary pattern
clusters, derived with the use of cluster analysis; the main outcome was change in BMI across
the study interval. VL and food group measurements were log transformed for the analysis.

Cluster analysis was performed with the use of PROC FAST-CLUS on 41 food groups that
had ≥10%of participants reporting they had consumed that food group. Food group quantities
were logged before cluster analysis procedures. We used PROC CLUSTER procedure in SAS
(SAS Inc) to determine the number of clusters to be used in the analysis. We performed 2–8
cluster solutions and examined and compared the solutions and their respective cubic clustering
criterion statistic to evaluate which set of clusters best delineated the dietary patterns while
preserving adequate statistical power in each group to detect effects. On the basis of these
criteria, the optimal set of clusters was a 3-cluster solution.

We compared dietary intakes (food group, total energy, nutrients) across the 3 clusters, as well
as sociodemographic and clinical characteristics. We used PROC ANOVA to compare food
group intake measurements across clusters. PROC GLM was used to adjust comparisons across
clusters for 1) age and race for energy intake, REE, and nutrition status measurements and 2)
age, race, and energy intake for individual nutrients and micronutrients intake measurements.
Bonferroni correction was used for multiple pair-wise comparisons.

We performed multivariate linear regression to estimate the association between dietary
patterns and change in BMI, CD4 count, and VL across the study interval. Potential
confounders were selected based on their individual relations with clusters and change in BMI,
CD4 count, and VL. We specifically sought to include both sociodemographic and clinical
factors and explored interactions between clusters and HAART use.

RESULTS
The average age of the study sample was 45 y, 34% were non-white, a majority (87%) had
graduated from high school, 28% met the criteria for AIDS diagnosis, and 77% were on
HAART regimens (Table 1). No subject had wasting. Mean (±SD) weight was 78.4 ± 13.7 kg
and mean BMI was 25.4 ± 4.0. The mean VL was 3.2 log10 VL copies/mL and the mean CD4
count was 444 cells/µL.

Three dietary pattern clusters were derived, which we descriptively labeled 1) juice and soda,
2) fast food and fruit drinks, and 3) fruit, vegetable, and low-fat dairy dietary patterns, based
on the food groups that were predominant in that cluster (Table 2). The juice and soda cluster
had significantly higher mean intakes of juice and soda than did the other 2 clusters and
significantly higher mean intake of potatoes than did the fast food and fruit drink cluster. The
fruit, vegetable, and low-fat dairy cluster had significantly higher mean intakes of fruit, low-
fat dairy, diet beverage, and water than did the other 2 clusters. This group had significantly
higher mean intakes of whole grains and nuts than did the fast food and fruit drinks cluster.
Both the fruit, vegetable, and low-fat dairy cluster and the juice and soda cluster had higher
intakes of vegetables, vegetable oil, poultry, nonwhite breads, low-fat dairy, fruit, full fat baked
goods, and seafood than did the fast food and fruit drink cluster. The fast food and fruit drinks
dietary cluster had significantly higher intakes of fast food than did the other 2 clusters and
significantly higher mean intakes of fruit drinks than did the fruit, vegetable, and low-fat dairy
cluster.

The juice and soda cluster had significantly higher mean intakes of energy per kilogram of
body weight than did the other 2 clusters. This cluster had higher intakes of energy, fiber, and
vitamin B-6 than did the fast food and fruit drink cluster and higher REE per kilogram than
did the fruit, vegetable, and low-fat dairy cluster. The fruit, vegetable, and low-fat dairy cluster
had significantly higher mean intakes of protein, fiber, and vitamin B-6 from food alone than
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did the other 2 clusters. The fruit, vegetable, and low-fat dairy cluster and the juice and soda
cluster had significantly greater intakes of carbohydrate, sucrose, vitamin A, thiamine, vitamin
C, vitamin E, calcium, and folate from food alone than did the fast food and fruit drinks cluster.
The energy, macronutrient, and micronutrient intakes from food alone and food plus vitamin
and mineral supplements across dietary pattern clusters is shown in Table 3. Subjects in the
fast food and fruit drinks dietary cluster were significantly more likely to be non-white, meet
the federal poverty level, be food insecure, and be exposed to HIV through heterosexual contact
or injection drug use (IDU) than were subjects in the other 2 clusters. This group was more
likely to have a diagnosis of AIDS than were subjects in the juice and soda cluster. Subjects
in this cluster had significantly higher mean VL than did subjects in the juice and soda cluster
(Table 4). Subjects in the fruit, vegetable, and low-fat dairy cluster were significantly more
likely to be white, have at least a high school education, and be exposed to HIV through
transmission of men having sex with men. Subjects in this cluster had significantly higher mean
weight and BMI than did subjects in the juice and soda cluster and significantly greater LBM
than did subjects in the fast food and fruit drink cluster. No differences were observed between
clusters in change in BMI or clinical variables across the study interval.

On average, the fast food and fruit drinks and the fruit, vegetable, and low-fat dairy clusters
gained 0.33 (P = 0.06) and 0.42 (P = 0.02) more in BMI than did the juice and soda cluster
across the study interval in a multivariate model adjusted for age, race, HAART use, BMI,
energy intake per kilogram, and REE per kilogram at the start of the study interval and the
duration of the study interval (Table 5). Interactions that were explored between dietary patterns
and HAART use were nonsignificant (P > 0.40; data not shown). The association between
dietary patterns and change in VL and CD4 count across the study interval was not significant.

DISCUSSION
In this analysis of food intake in a relatively healthy outpatient cohort of HIV-positive men,
we identified 3 distinct dietary patterns; each pattern was associated with specific nutrition,
demographic, and HIV-related variables. Subjects in the fruit, vegetable, and low-fat dairy
dietary pattern had the lowest risk of poverty or food insecurity but were most likely to have
transmission by men having sex with men. Protein, fiber, and micronutrient intakes were
highest in this group, reflecting their more nutritious food choices; LBM and CD4 count were
highest in this group. Subjects in the fast food and fruit drinks dietary pattern were more likely
to live in poverty, be food insecure or IDU, and have diets of lower nutrient density. Subjects
in this group had poorer HIV measures with the highest mean VL, lowest mean CD4 count,
and they were more likely to carry an AIDS diagnosis. Subjects in the juice and soda dietary
pattern had the lowest mean BMI and highest mean calorie intake, possibly indicating a
compensatory attempt to consume more energy to prevent weight loss.

In asymptomatic HIV-positive persons, REE increases an estimated 10% (44). Compared with
an average intake of 2590 calories for healthy men in this age group (NHANES 1999–2000),
energy intake for the juice and soda cluster was 12% higher and the fruit, vegetable, and low-
fat dairy cluster was 7% higher, whereas energy intake in the fast food and fruit drinks cluster
was similar to NHANES (45).

In all 3 dietary patterns, mean micronutrient intakes from food alone were adequate compared
with the dietary reference intakes (DRIs), except for vitamin E in the fast food and fruit drinks
cluster (46–48). When vitamin and mineral supplements were included, mean intakes of all
micronutrients were above the DRIs. This does not preclude individual dietary deficiencies,
however. Previous reports from this cohort have reported mean intakes from diet alone to be
at or near adequacy, yet dietary inadequacy of vitamin A, vitamin E, folate, zinc, and calcium
were observed in >30%of the men (49–51). Subjects in the fruit, vegetable, and low-fat dairy
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pattern had an energy intake between the other clusters, but they had the highest mean intake
of 6 of 7 nutrients assessed, indicating higher nutrient density than the other 2 diet patterns
(52,53). All micronutrient intakes, except iron, were lowest among subjects in the fast food
and fruit drinks pattern. This may reflect the poor nutrient density of these foods and low
consumption of fruit, vegetables, and whole grains in this cluster (52–55). The low nutrient
density of food choices by subjects in the fast food and fruit drink dietary pattern may be
affected by food insecurity and poverty (56–58). Indeed, energy-dense diets high in fast foods
are associated with lower dietary quality and lower diet costs (52,54,59) and food insecurity,
IDU, homelessness, and no primary caregiver found to influence nutrient intakes in HIV (56,
60).

In our study, mean intakes were above current recommendations of 25–35% of calories from
fat, 10% of calories from saturated fat, and 300 mg cholesterol/d (61–64); differences were not
significant across dietary patterns. Subjects in all 3 clusters consumed a greater percentage of
calories from fat and saturated fat than the NHANES average for men in this age group of
33.4% kcal daily from fat and 11.1% kcal from saturated fat (45).

Protein intake was high in all clusters (> 100 g/d). Protein-rich foods naturally provide some
lipids and may raise total and saturated fat intakes. The fruit, vegetable, and low-fat dairy
dietary pattern had the highest total and percentage of calories from protein but the lowest
percentage of calories from saturated fat; they were more likely to consume low-fat dairy
products, nuts, seeds, poultry, seafood, and vegetable oil. The fast food and fruit drinks dietary
pattern had the lowest mean protein intake but the highest percentage of saturated fat and
cholesterol, possibly influenced by a high intake of fast food and pizza.

The mean fiber intake of each cluster was below the DRI of 38 g/d for men, although intake
was significantly higher in the fruit, vegetable, and low-fat dairy cluster (24.2 ± 11.4 g) than
in the other 2 clusters (65). These men consumed more fruit, vegetables, beans and legumes,
and whole-grain breads. The fast food and fruit drinks cluster consumed significantly lower
total fiber (14.5 ± 8.2 g/d) and significantly lower gram intakes of each of these food groups.

Men in the juice and soda cluster had mean fiber and micronutrient intakes that were
intermediate, despite having the highest energy intake. This is consistent with consumption of
some high-energy and nutrient-poor foods, such as nondiet soda and alcohol. In addition, men
in this cluster consumed higher-fat dairy, fruit juice, meat, potatoes, and starchy vegetables.
This cluster had the highest REE per kilogram and, despite the highest total energy intake and
kilocalorie per kilogram, had the lowest mean weight, BMI, triceps skinfold thickness, and
waist circumference. Wasting has known mortality risks and may be seen as a threat by subjects
living with HIV infection. This may lead to increased intake of easily consumed “empty”
calories as well as full-fat and higher calorie foods in an attempt to maintain weight, although
this cannot be confirmed as the reason for these dietary choices. Although change in VL and
CD4 count were not significant in this analysis, the negative effect of unintentional weight loss
on HIV outcomes is well documented (1–4). The focus of the current analysis was on weight
gain and quality of diet in a relatively healthy group of HIV-positive men (mean BMI: 25.4;
mean CD4 count: 444 cells/µL).

The strengths of this study include the use of cluster analysis as a data-reduction method to
identify dietary intake patterns that were then investigated in a relatively large sample of
patients. To our knowledge, this approach has not been used in an HIV-positive population
and provides meaningful information on the dietary patterns in this group, who have special
needs. In this study, almost all the food consumed by the participants was considered in the
analysis, capturing total diet. In addition, we used 3-d records instead of 24-h recall or food
frequency for the food records, which provides a more precise measure of dietary intake.
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Finally, we performed a longitudinal analysis; thus, we were able to evaluate changes over
time in our multivariate regression models.

A potential limitation of the study is that we chose to compare food group intake in grams per
day, and clusters may have been different when compared as a percentage of energy
contribution (25). However, we feel our interpretation of the differences by cluster as reported
are valid, because relevant outcomes were adjusted for total energy intake and mean weights
were relatively stable over the interval. Another limitation of this study is the exclusion of
women. This was primarily because of insufficient number of female participants with valid
3-d records. Further research in HIV-infected women is therefore needed, and a dietary pattern
approach may be useful.

As HIV infection becomes a more chronic disease and the management of HIV becomes
increasingly sophisticated, the ability to ensure HIV-infected persons have access to high-
quality, nutritious food choices that promote optimal dietary patterns, rather than just sufficient
quantities of food, will also be increasingly important (6,65). Further research on the effect of
dietary patterns on metabolic outcomes is warranted.
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APPENDIX A
Forty-one food groups used in the cluster analysis

Food group Food(s)

1 High-fat dairy Whole or 2% milk (white or chocolate), cream (heavy, light, or half and half), hard
cheese, yogurt, butter, sour cream, cream cheese

2 Reduced-fat dairy Skim or 1% milk (white or chocolate), reduced fat dairy products (butter, cheese,
yogurt, sour cream, cream cheese, cottage cheese)

3 High-fat dairy desserts Pudding, cheesecake, custard, ice cream

4 Low-fat dairy desserts Pudding, ice milk, frozen yogurt, sherbet

5 Margarine All full- and reduced-fat hard margarine, shortening

6 Vegetable oils Salad dressing, mayonnaise, vegetable and nut oils, spray oils or margarines, liquid
margarines

7 Miscellaneous fats Gravy, lard, salt pork, nondairy creamer, fats from meats, nondairy dairy items (eg,
nondairy sour cream)

8 Fruit Orange, grapefruit, lemon, lime, banana, mango, dried fruit, apple, pear, melons,
berries, tropical fruits, kiwi, fruit salad

9 Fruit juices Orange, grapefruit, apple juice, other 100% fruit juices, nectars

10 Fruit drinks Sweetened fruit drinks (not 100% fruit)

11 Vegetables Winter squash, carrot, broccoli, brussels sprouts, leafy greens (mustard, turnip,
spinach, other), cauliflower, tomato, tomato or vegetable juice, tomato products (salsa,
sauce), all lettuces (leafy green, romaine, iceberg), okra, sweet peas, green or red
pepper, onion, shallot, leek, string bean, green bean, avocado, coleslaw, radish, mixed
vegetables, mixed vegetable dishes

12 Potatoes Potato, all preparations

13 Starchy vegetables Green banana, plantains, sweet potato, corn, other root crops

14 Beans and legumes Beans, hard peas, legumes, baked beans and pork, cowpeas, mixed dishes with beans
or legumes, soybeans, tofu, meat substitutes made from soy products, soy nuts,
soymilk, vegetable protein products

15 Eggs Eggs, all preparations, including egg salad and egg substitutes

16 Poultry Chicken or turkey, with or without skin, all preparations

17 Meat Steak, ground beef, mixed dishes with beef, lamb, veal, game, whole or ground pork,
venison, mixed dishes with these meats, pork turnovers, dumplings, eggrolls, neck
bones

18 Processed meat Processed lunch meats (including lean and fat-free), sausage, hot dog, bacon, breakfast
sausage

19 Seafood Whole fish, all kinds, sardines, tuna fish, shellfish, tuna fish salad sandwich, other fish,
mixed dishes with fish

20 Sweet baked goods, full fat Cake, cookies, quick bread, donut, sweet roll, granola bar, muffin, sweet potato pie,
crisp, cobbler

21 Sweet baked goods, reduced fat All of the above, reduced-fat versions

22 Low-fiber cereals1 Low-fiber cereals (fortified and nonfortified, hot or cold)

23 High-fiber cereals1 High-fiber cereals (fortified and nonfortified, hot or cold)

24 White bread and refined grains White bread (including light), roll, stuffing, cracker, biscuit, bagel, pancake, waffle,
white flour, corn meal, corn bread, hush puppies, grits, cracked wheat bread, croutons,
pretzels

25 Rice, pasta, or mixed dishes with rice
or pasta

White rice, steamed or fried, mixed dishes with rice, rice and beans, pasta with
vegetables, macaroni and cheese, mixed pasta dishes without beef, wheat pasta

26 Nonwhite breads Whole-wheat bread, rye bread, other multigrain and whole-grain breads (including
light), wheat cracker, whole-wheat flour

27 Whole grains Barley, quinoa, bulgur, kasha, couscous, wheat germ, processed bran, oats or oat bran,
other grains, brown rice, popcorn

28 Salty snacks Potato chips, corn chips, Chex mix, corn nuts, tortilla chips, pretzels, other salty snacks

29 Nondiet soda Cola or noncola, with or without caffeine
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Food group Food(s)

30 Alcohol Red or white wine, beer (regular or lite), liquor

31 Nuts or seeds Almonds, peanuts, walnuts, seeds, other nuts or seeds, peanut butter, tahini (sesame
butter), coconut

32 Pizza Pizza (plain or with toppings)

33 Miscellaneous sugary foods Syrup, jam, table sugar, hard candy (including light and fat-free versions), Popsicles,
Jell-O, sorbet

34 Chocolate Chocolate, candy bars with chocolate

35 Soups, broth or bouillon Noncream, broth-based soups

36 Chowders, cream-based soups Cream soups, chowders

37 Fast food Any food from a fast-food restaurant (hamburgers, chicken, fish, French fries,
breakfast sandwiches, milkshakes, pancakes, eggs, etc)

38 Coffee Coffee, all preparations

39 Tea Tea, all preparations

40 Diet beverages All no- or low-calorie beverages (eg, diet soda)

41 Water Water

1
Foods that provide ≥10% of the daily value for fiber, or ≥2.5 g/serving, are considered a “good source of fiber” and are in the high-fiber cereal group.

Cereals providing <2.5 g/serving fiber are in the low-fiber cereal group.
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TABLE 1
Sociodemographic, nutrition status, energy intake and expenditure, and clinical characteristics among 348 men
participating in the Nutrition for Healthy Living Study1

Values

Age (y) 45.6 ± 7.82

Non-white [n (%)] 120 (34)

High school education [n (%)] 303 (87)

Meet poverty definition [n (%)] 115 (34)

Food insecure [n (%)] 78 (22)

HIV transmission risk [n (%)]

   Men having sex with men 259 (75)

   Heterosexual contact 66 (19)

   Intravenous injection 73 (21)

AIDS diagnosis [n (%)] 99 (28)

HAART use [n (%)] 266 (77)

Body weight (kg) 78.4 ± 13.7

BMI (kg/m2) 25.4 ± 4.0

Daily energy intake (kcal/kg) 37.7 ± 14.0

Daily REE (kcal/kg) 25.4 ± 3.5

Log10 viral load (copies/mL) 3.2 ± 1.1

CD4 count (cells/µL) 444 ± 283

1
HAART, highly active antiretroviral therapy, REE, resting energy expenditure.

2
x̅± SD (all such values).
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TABLE 5
Multivariate linear regression model showing adjusted associations between food pattern clusters and change in BMI
Among 348 adult men participating in the Nutrition for Healthy Living Study1

Cofactors β-Coefficient SE P

Intercept 3.8 1.2 0.01

Fast food and fruit drinks diet2 0.33 0.18 0.06

Fruit, vegetable, low-fat dairy2 0.42 0.18 0.02

Age (y) −0.02 0.009 0.06

Non-white −0.27 0.16 0.09

BMI at start of interval −0.09 0.02 <0.001

1
Regression models were also adjusted for highly active antiretroviral therapy use, energy intake per kilogram, and resting energy expenditure per kilogram

at start of study interval (R2: 1.02).

2
In comparison to cluster 1 (juice and soda).

Am J Clin Nutr. Author manuscript; available in PMC 2009 September 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hendricks et al. Page 22

APPENDIX A
Forty-one food groups used in the cluster analysis

Food group Food(s)

1 High-fat dairy Whole or 2% milk (white or chocolate), cream (heavy, light, or half and half), hard
cheese, yogurt, butter, sour cream, cream cheese

2 Reduced-fat dairy Skim or 1% milk (white or chocolate), reduced fat dairy products (butter, cheese,
yogurt, sour cream, cream cheese, cottage cheese)

3 High-fat dairy desserts Pudding, cheesecake, custard, ice cream

4 Low-fat dairy desserts Pudding, ice milk, frozen yogurt, sherbet

5 Margarine All full- and reduced-fat hard margarine, shortening

6 Vegetable oils Salad dressing, mayonnaise, vegetable and nut oils, spray oils or margarines, liquid
margarines

7 Miscellaneous fats Gravy, lard, salt pork, nondairy creamer, fats from meats, nondairy dairy items (eg,
nondairy sour cream)

8 Fruit Orange, grapefruit, lemon, lime, banana, mango, dried fruit, apple, pear, melons,
berries, tropical fruits, kiwi, fruit salad

9 Fruit juices Orange, grapefruit, apple juice, other 100% fruit juices, nectars

10 Fruit drinks Sweetened fruit drinks (not 100% fruit)

11 Vegetables Winter squash, carrot, broccoli, brussels sprouts, leafy greens (mustard, turnip,
spinach, other), cauliflower, tomato, tomato or vegetable juice, tomato products (salsa,
sauce), all lettuces (leafy green, romaine, iceberg), okra, sweet peas, green or red
pepper, onion, shallot, leek, string bean, green bean, avocado, coleslaw, radish, mixed
vegetables, mixed vegetable dishes

12 Potatoes Potato, all preparations

13 Starchy vegetables Green banana, plantains, sweet potato, corn, other root crops

14 Beans and legumes Beans, hard peas, legumes, baked beans and pork, cowpeas, mixed dishes with beans
or legumes, soybeans, tofu, meat substitutes made from soy products, soy nuts,
soymilk, vegetable protein products

15 Eggs Eggs, all preparations, including egg salad and egg substitutes

16 Poultry Chicken or turkey, with or without skin, all preparations

17 Meat Steak, ground beef, mixed dishes with beef, lamb, veal, game, whole or ground pork,
venison, mixed dishes with these meats, pork turnovers, dumplings, eggrolls, neck
bones

18 Processed meat Processed lunch meats (including lean and fat-free), sausage, hot dog, bacon, breakfast
sausage

19 Seafood Whole fish, all kinds, sardines, tuna fish, shellfish, tuna fish salad sandwich, other fish,
mixed dishes with fish

20 Sweet baked goods, full fat Cake, cookies, quick bread, donut, sweet roll, granola bar, muffin, sweet potato pie,
crisp, cobbler

21 Sweet baked goods, reduced fat All of the above, reduced-fat versions

22 Low-fiber cereals1 Low-fiber cereals (fortified and nonfortified, hot or cold)

23 High-fiber cereals1 High-fiber cereals (fortified and nonfortified, hot or cold)

24 White bread and refined grains White bread (including light), roll, stuffing, cracker, biscuit, bagel, pancake, waffle,
white flour, corn meal, corn bread, hush puppies, grits, cracked wheat bread, croutons,
pretzels

25 Rice, pasta, or mixed dishes with rice
or pasta

White rice, steamed or fried, mixed dishes with rice, rice and beans, pasta with
vegetables, macaroni and cheese, mixed pasta dishes without beef, wheat pasta

26 Nonwhite breads Whole-wheat bread, rye bread, other multigrain and whole-grain breads (including
light), wheat cracker, whole-wheat flour

27 Whole grains Barley, quinoa, bulgur, kasha, couscous, wheat germ, processed bran, oats or oat bran,
other grains, brown rice, popcorn

28 Salty snacks Potato chips, corn chips, Chex mix, corn nuts, tortilla chips, pretzels, other salty snacks
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Food group Food(s)

29 Nondiet soda Cola or noncola, with or without caffeine

30 Alcohol Red or white wine, beer (regular or lite), liquor

31 Nuts or seeds Almonds, peanuts, walnuts, seeds, other nuts or seeds, peanut butter, tahini (sesame
butter), coconut

32 Pizza Pizza (plain or with toppings)

33 Miscellaneous sugary foods Syrup, jam, table sugar, hard candy (including light and fat-free versions), Popsicles,
Jell-O, sorbet

34 Chocolate Chocolate, candy bars with chocolate

35 Soups, broth or bouillon Noncream, broth-based soups

36 Chowders, cream-based soups Cream soups, chowders

37 Fast food Any food from a fast-food restaurant (hamburgers, chicken, fish, French fries,
breakfast sandwiches, milkshakes, pancakes, eggs, etc)

38 Coffee Coffee, all preparations

39 Tea Tea, all preparations

40 Diet beverages All no- or low-calorie beverages (eg, diet soda)

41 Water Water

1
Foods that provide ≥10% of the daily value for fiber, or ≥2.5 g/serving, are considered a “good source of fiber” and are in the high-fiber cereal group.

Cereals providing <2.5 g/serving fiber are in the low-fiber cereal group.
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