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Dietary Intake of HIV-infected Subjects and Controls

Energy intake is summarized in Table 2. Total calorie (energy) intake from the
four 24-hour recalls, over the course of the study, was averaged for each subject. Energy
intake was normally distributed; therefore, an independent t-test was used to calculate
any difference in means between the HIV+ and HIV- group. There was no significant
difference between groups in mean energy intake.

Table 2. Energy Intake

Mean + SD HIV+ HIV- P-value
Energy (kcal) 1953.9 + 610.87 1990 + 540.8 0.723
Median Energy 1859 kcal 1997 kcal

Micronutrient intake

A summary of the mean percent of DRI intake for the nutrients analyzed is
presented in Table 3. For the nutrients analyzed, the DRIs recommended by the IOM are
given in Table 4 for a reference. For the HIV-infected group, mean micronutrient intake
was less than 100% of the DRI for vitamin A (77.61% =+ 120), vitamin D (27% + 21.25),
vitamin E (54.05% + 33.67), pantothenic acid (87.47%= 38.24), folate (96.81%= 48.27),
calcium (57.57% + 27.22), magnesium (63.72% + 30.4), and potassium (39.49% +
14.09). Mean intake of sodium (236.27% + 83.08) was greater than the recommended
DRI. For the HIV+ subjects, all variables were significantly different than the 100% DRI
with P-values <0.001.

For the controls, micronutrient intake was less than 100% of the DRI for vitamin
A (96.83%+ 74.98), vitamin D (35.96% + 31.75), vitamin E (64.57% £27.92), calcium
(69.45% + 30.68), magnesium (80.21%= 40.35), and potassium (44.95% + 12.70), and

greater than the recommended DRI for sodium (247.15% + 74.3). All micronutrients
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consumed suboptimally were significantly different than the 100% DRI with P-

values<0.001. Median nutrient intake can be found in Table 4.

Macronutrient Intake

Mean percent calories from carbohydrate, fat, and protein fell within the

acceptable macronutrient distribution range (AMDR) for the control group. Mean

percent calories from carbohydrate and protein fell within the AMDR for the HIV+

group. Mean fat intake significantly exceeded the AMDR for HIV-infected subjects

(36.02% + 5.67, P=0.018) only. See Figure 4.

Table 3. Mean % DRI (RDA or AI) + SD

HIV-Infected (N=175) Controls (N=43)
Mean Intake that | Mean Mean Intake Mean Intake
Met DRI Intake That | That Met DRI That Did Not
Did Not Meet DRI
Meet DRI
MICRONUTRIENTS
Vitamin A 77.61%=+ 96.83%+ 74.98
120
Vitamin D 27%=+ 21.25 35.96%=+ 31.75
Vitamin E 54.05%=+ 64.57%+27.92
33.67
Vitamin K * 115.04%=+ 120.9 152.68%=+
146.03
Vitamin C 127.8%=+ 109.39 170.35%=+
110.79
Thiamin 145.3%=+ 53.57 170.75%= 79.8
Riboflavin 154.47%=+ 69.34 196.42%=+
101.36
Niacin 259.71%=+ 84.18 285.43%=+ 90.29
Pantothenic Acid * 87.47%=+ 106.06%=+ 54.79
38.24
B-6 142.99%=+ 58.77 162.19%=+ 64.81
Folate 96.81%=+ 114.10%= 54.36
48.27
B-12 208.35%+327.76 225.29%=+177.97
Calcium 57.57%=+ 69.45%=+ 30.68
27.22
Phosphorus 117.12%= 53.53 137.1%=+ 58.62
Magnesium 63.72%=+ 80.21%= 40.35
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Manganese * 114.84%=+ 53.57 132.97%=+ 48.87
Iron 126.63%=+ 69.72 131.21%=+ 66.78
Zinc 108.33%=+ 46.89 111.72%=+ 41.63
Copper 133.67%=+ 174 151.89%= 95.56
Selenium 206.61%=+ 77.5 228.41%=+ 85.83
Sodium * 236.27%=+ 247.15%=+ 74.3
83.08
Potassium * 39.49%=+ 44.95%=+ 12.70
14.09
MACRONUTRIENTS
Intake Intake Intake Intake
Within AMDR Exceeds Within AMDR Exceeds
AMDR AMDR
Mean % kcal from 36.02%=+ 33.8%=+ 5.07
FAT 5.67

Mean % kcal from
CHO

48.16%+ 7.02

51.03%=+ 5.57

Mean % kcal from
PRO

15.65%=+ 3.55

14.87%+ 2.6

AMERICAN HEART ASSOCIATIONS RECOMMENDATIONS

Met Did not Met Did not meet
meet

Mean % kcal from 11.55% + 11.12%=+
saturated fat (% of 2.3 2.18(158.8%+
7% (165.01%= 31.1)
recommendation) 32.8)
Mean % kcal from 1.45%+ 1.15%=+ 0.57
TRANS- fat (% of 0.55 (115%)
1% (145.10%)
recommendation)
Cholesterol (% of 84.97%=+ 45.03 87.67%=+ 43.56
300mg)
Fiber (% of 43.3% + 48.81%+ 15.67
recommended 13.7
intake
(14g/1000kcal))

* Denotes micronutrient with adequate intake (Al) instead of an RDA
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Table 4. DRIs of Nutrients Analyzed: Recommended Dietary Allowances, Adequate
Intakes, and Acceptable Macronutrient Distribution Ran es’’

Children Males Females
Nutrients 1-3y [ 4-8y | 9-13y | 14-18y | 19-30y |9-13y | 14-18y | 19-30y
MICRONUTRIENTS
Vitamin A 300 400 | 600 900 900 600 700 700
(ng/d)
Vitamin D 15 15 15 15 15 15 15 15
(ng/d)
Vitamin E 6 7 11 15 15 11 15 15
(mg/d)
Vitamin K* 30 55 60 75 120 60 75 90
(ug/d)
Vitamin C 15 25 45 75 90 45 65 75
(mg/d)
Thiamin 0.5 0.6 0.9 1.2 1.2 0.9 1.0 1.1
(mg/d)
Riboflavin 0.5 0.6 0.9 1.3 1.3 0.9 1.0 1.1
(mg/d)
Niacin 6 8 12 16 16 12 14 14
(mg/d)
Pantothenic 2 3 4 5 5 4 5 5
Acid *
(mg/d)
B-6 (mg/d) 0.5 0.6 1.0 1.3 1.3 1.0 1.2 1.3
Folate (ug/d) | 150 200 | 300 400 400 300 400 400
B-12 (ug/d) 0.9 1.2 1.8 2.4 2.4 1.8 2.4 2.4
Calcium 700 1000 | 1300 1300 1000 1300 1300 1000
(mg/d)
Phosphorus 460 500 | 1250 1250 700 1250 1250 700
(mg/d)
Magnesium 80 130 | 240 410 400 240 360 310
(mg/d)
Manganese * | 1.2 1.5 1.9 2.2 2.3 1.6 1.6 1.8
(mg/d)
Iron (mg/d) 7 10 8 11 8 8 15 18
Zinc (mg/d) 3 5 8 11 11 8 9 8
Copper (ug/d) | 340 440 | 700 890 900 700 890 900
Selenium 20 30 40 55 55 40 55 55
(ug/d)
Sodium * 1.0 1.2 1.5 1.5 1.5 1.5 1.5 1.5
(g/d)
Potassium * 3.0 3.8 4.5 4.7 4.7 4.5 4.7 4.7
(g/d)
MACRONUTRIENTS: Acceptable Macronutrient Range (% of Kilocalories)
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Fat 30-40 | 25-35 | 20-35 | 25-35 | 20-35

Carbohydrate 45-65

Protein 5-20 | 10-30 | 10-35 | 10-30 | 10-35

* Denotes micronutrient with adequate intake (Al) instead of an RDA

Table 5. Dietary Median Intake for the HIV+ and Control Groups

HIV+ Controls
Percentiles Percentiles
25 | Median ‘ 75 25 ‘ Median ‘ 75
MICRONUTRIENTS (% DRI)
PercentDRI_A 37.41% | 58.61% | 81.43% | 54.07% | 77.22% | 110.99%
PercentDRI_D 12.41% | 21.44% | 36.36% | 16.69% | 27.46% | 46.98%
PercentDRI_E 33.40% | 45.00% | 65.19% | 43.21% | 63.15% | 78.32%
PercentDRI_K 48.59% | 74.61% | 129.76% | 62.09% | 96.47% | 148.06%
PercentDRI_C 53.58% | 97.50% | 182.03% | 93.01% | 136.27% | 211.44%
PercentDRI_Thiamin 1 07.1‘52 139.33% | 179.13% | 118.77% | 151.64% | 198.23%
PercentDRI_Riboflavin 11 2.%‘/2 138.08% | 179.73% | 122.88% | 154.99% | 230.33%
PercentDRI_Niacin 200. Zé 252.31% | 314.30% | 232.28% | 272.68% | 339.92%
PercentDRI_Pantothenic 62.20% 79.59% | 103.09% 72.55% | 95.16% | 111.00%
Acid
PercentDRI_B6 1 05.?2 130.00% | 173.48% | 116.81% | 154.29% | 190.04%
PercentDRI_Folate 66.88% | 88.33% | 114.61% | 71.98% | 103.34% | 138.04%
PercentDRI_B12 97.93% | 155.46% | 213.56% | 129.72% | 174.83% | 296.38%
PercentDRI_Calcium 40.15% | 53.44% | 67.88% | 52.79% | 57.58% | 73.84%
PercentDRI_Phosphorus 80.86% | 107.88% | 143.16% | 89.51% | 119.82% | 167.97%
PercentDRI_Magnesium 43.05% | 55.81% | 73.34% | 48.00% | 68.81% | 102.31%
PercentDRI_Manganese 80.07% | 104.96% | 130.88% | 89.45% | 124.25% | 166.39%
PercentDRI_Iron 72.87% | 115.70% | 162.75% | 68.96% | 124.14% | 164.18%
PercentDRI_Zinc 75.93% | 100.49% | 129.35% | 77.93% | 102.80% | 137.48%
PercentDRI_Copper 82.56% | 107.89% | 140.83% | 98.16% | 133.67% | 177.16%
PercentDRI_Selenium 1 49.2‘2 199.33% | 251.20% | 163.85% | 222.59% | 276.05%
. 178.12 | 219.26% | 285.18% | 196.06% | 239.12% | 282.98%

PercentAl_Sodium %
PercentDRI_Potassium 29.62% 37.11% 47.14% 35.66% 45.66% 54.03%
MACRONUTRIENTS (% of kcals)
Percent KCal_from_CHO 43.51 48.09 53.56 47.72 51.98 53.85
Percent KCals_from_PRO 13.48 15.02 17.89 13.09 14.66 16.20




Percent_KCals_from_SFA 9.99 11.34 12.84 10.13 10.91 12.20
Percent_KCals_from_Fat 32.24 35.93 39.79 31.57 33.87 36.60
Percent_KCalsfrom TransFat 1.03% 1.35% 1.77% 0.81% 0.97% 1.36%
OTHER (% of

recommendation)

PercentDRI_Cholesterol 52.78% | 74.70% | 111.91% | 62.57% | 79.36% | 107.26%
Percent_Recommended_Fiber | 34.33% | 41.06% | 49.24% | 35.97% | 46.39% | 58.76%
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Table 6. Frequencies of Subjects with Suboptimal Nutrient Intake

Controls (n=43)

HIV+ (n=175)

Fiber 43 (100%) 174 (99.4%)
Vitamin A 29 (67.4%) 144 (82.3%)
Vitamin D 41 (95.3%) 173 (98.9%)
Vitamin E 40 (93.0%) 163 (93.1%)
Calcium 37 (86%) 162 (92.6%)
Magnesium 32 (74.4%) 152 (86.9%)
Potassium 43 (100%) 175 (100%)
Pantothenic Acid 27 (62.7%) 127 (72.6%)
Folate 20 (46.5%) 107 (61.1%)
Prevalence of excess nutrient intake above the recommended intake

Sodium 43 (100%) 174 (99.4%)
Saturated Fat 42 (97.7%) 174 (99.4%)
Trans Fat 18 (41.9%) 140 (80.0%)

Intake Differences Between Groups

Comparisons between groups of nutrient intakes were done using independent t-

tests of the mean percent DRIs. Cholesterol, vitamin A, D, E, K, C, thiamin, riboflavin,

pantothenic acid, B-12, copper, and percent of recommended trans fats were log

transformed to approach Normality. The HIV+ group had a significantly lower mean

percent DRI for fiber (-5.5%, P=0.023), folate (-17.3%, P=0.041), calcium (-11.9%,

P=0.013), vitamin A (-19.2%, P=0.003), vitamin E (-10.5%, P=0.009), vitamin K (-

37.6%, P=0.038), vitamin C (-42.6%, P=0.003), thiamin (-25.45%, P=0.029), riboflavin
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(-42%, P=0.002), pantothenic acid (-18.6%, P=0.009), copper (-18.2%, P=0.048),

phosphorus (-20%, P=0.033), magnesium (-16.5%, P=0.003), manganese (-18.1%,

P=0.044), potassium (-5.5%, P=0.021). The HIV+ group had significantly higher %

calories from fat (8.1%, P=0.020) and % calories from trans fat (0.3%, P<0.001), and

significantly lower % calories from carbohydrate (-2.9%, P=0.014). See Figure 5 and 6.

Figure 4 summarizes the suboptimal micronutrient intake of the HIV+ group, and the

differences from the control group.

Figure 4. HIV+ Micronutrient Intake Deficiencies: Differences Between Groups in

Mean % DRI intake.

Micronutrient Deficiencies: Mean % DRI
120%
100% | |
2 0% |
X 60% ' '
5 |
S 40% )
20%
0% , , , : :
Vit A VitD VitE P. Acid Folate Calcium Mg K
W HIV+ 78% 27% 54% 87% 97% 58% 64% 39%
uControls|  97% 36% 65% 106% 114% 69% 80% 45%

\P-value| 0.003 \ 0.067 \ 0.009 |o.009 \ 0.041 | 0.013 \ 0.003 \ 0.021 |




Figure 5. Differences Between Groups in Macronutrient Distribution.
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Comparisons to The American Heart Association Recommendations

The intake of the HIV+ and the control group were compared to the AHA
recommendations using independent t-tests for fiber and one-sample t-test for fat,
saturated fat, trans fat, and cholesterol. See Figure 6.

The control group had significantly less fiber intake than the AHA
recommendation of 14g per 1000 kilocalories (mean difference=-14.56g, P<0.001),
significantly more saturated fat intake than the AHA 7% recommendation (mean
difference=4.12%, P<0.001), and significantly more trans fat intake than the AHA 1%
recommendation (mean difference=0.15%, P<0.001). Fat intake for the controls fell

within the recommended range, but not significantly (-1.2%, P=0.128). Cholesterol

intake was less than the recommended intake, but not significantly (-36.98g, P=0.070).

The HIV+ group had significantly less fiber intake than the AHA

recommendation (mean difference= -15.7g, P<0.001). Fiber was log transformed to
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approach normality. Mean percent calories from saturated fat was significantly higher
than the 7% recommendation (mean difference=4.55%, P<0.001). Mean percent calories
from fat was significantly higher than the 35% upper range recommendation (mean
difference 1.02%, P=0.018). Mean percent calories from trans fats was significantly
greater than the AHA recommendation of 1% (mean difference=0.45%, P<0.001).
Cholesterol intake was significantly within the recommended intake of 300mg
(mean=254.9mg, P<0.001).

Figure 6. Differences Between Mean % Intake of AHA recommendation.

Intake compared to AHA
recommendations
180%
§ 160%
S 140%
S 120%
g 100%
= 80% —
S 60% —
o 40% —
s 20% —
g 0% S d
Fiber Fat Trans Fat att;‘ite Cholesterol
B HIV+ 43.30% 103% 145.10% 165.01% 84.97%
@ Controls 48.81% 96.60% 115% 158.80% 87.67%
P-value b/w 0.023 0.020 <0.001 0.263 0.638
groups
P-value from <0.001 0.018 <0.001 <0.001 <0.001* HIV+
recommenda
<0.001 0.128* <0.001 <0.001 0.070* Control
tion

*Met AHA recommended intake
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Nutrient Intake and Correlations with Subject Characteristics and HIV-factors
Nutrient intake and associations with HIV + subject characteristics

Nonparametric correlations (Kendall’s tau) were performed to find associations
between BMI and nutrient intakes, as well as age and nutrient intakes, in the HIV+ group.
As would be expected, calorie intake was positively associated with age (r=0.152,
P=0.003). BMI is negatively correlated with percent DRI of vitamin A (r=-0.135,
P=0.008), vitamin D (r=-0.108, P=0.034), vitamin E (r=-0.179, P<0.001), riboflavin (r=-
0.201, P<0.001), thiamin (r=-0.184, P<0.001), niacin (r=-0.162, P=0.002), pantothenic
acid (r=-0.146, P=0.004), vitamin B6 (r=-0.173, P=0.001), folate (r=-0.190, P<0.001),
vitamin B12 (r=-0.129,P=0.012), magnesium (r=-0.229, P<0.001), iron (r=-0.122,
P=0.017), zinc (r=-0.179, P<0.001), copper (r=-0.210, P<0.001), potassium (r=-0.110,
P=0.032), and selenium (r=-0.163, P=0.001). There was a positive correlation between
age and intake of phosphorus (r=0.253, P<0.001), sodium (r=0.113, P=0.027), and fat
(r=0.122, P=0.017).

Nutrient intake differences between genders, in the HIV+ group, were compared
using independent t-tests. For the suboptimal micronutrient intake, Vitamins A, D, E,
pantothenic acid, folate, and magnesium were log transformed to approach Normality.
Potassium and calcium did not need to be log transformed. Females had significantly
lower mean % DRI for folate (-0.184%, P=0.004), pantothenic acid (-0.182%, P=0.000),
vitamin D (-0.09%, P=0.002), calcium (-0.17%, P<0.001), potassium (-0.085%,
P<0.001), and calories (-387 kcal, P<0.001).

To determine significant differences in mean suboptimal nutrient intakes between

races in the HIV+ group, one-way ANOVA and Bonferroni post-hoc comparisons were
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performed for each nutrient. Caucasians had significantly greater mean % DRI of
vitamin D intake than African Americans (26.2%, P=0.027). Latinos had significantly
lower mean percent fat intake from calories compared to blacks (-10.8%, P=0.003) and
Caucasians (-10.1%, P=0.031). Mean percent DRI for calcium intake was significantly
lower in African American than in Caucasians (-31.2%, P=0.017).

Nutrient intake and CD4+ count correlations

To determine if nutrient intake was associated with CD4+ counts, correlations
were performed. The current, nadir, and change in CD4+ counts were not normally
distributed and could not be log transformed; therefore, Kendall’s Tau nonparametric
correlations were performed.

Amongst all HIV+ subjects, calorie intake was negatively correlated with the
current CD4+ (r=-.116, P=0.024) and nadir CD4+ (r=-0.105, P=0.041). The percent of
DRI of vitamin A was positively associated with nadir CD4+ count (r=0.102, P=0.047).
The percent DRI zinc was positively associated with current CD4+ count (r=0.128,
P=0.013), as was the percent DRI of riboflavin (r=0.120, P=0.019), and the percent DRI
of magnesium (r=0.141, P=0.006).

When looking at only those on ART, riboflavin intake was positively associated
with CD4 nadir (r=0.129, P=0.033), as was B12 intake (r=0.122, P=0.044). Current
CD4+ was positively associated with magnesium (r=0.140, P=0.020) and zinc intake
(r=0.188, P=0.050).

When looking at those not on ART, there were no significant correlations with

CD4+ counts.
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For subjects on ART for greater than 6 months that have a viral load less than
1000, there were no significant associations between nutrient intakes and CD4+ change.
CD4+ nadir was positively associated with B12 intake (r=0.144, P=0.036) in these
specific subjects, as it was in all subjects on ART. Current CD4+ was positively
associated with magnesium intake (r=0.148, P=0.030). Calorie intake was negatively
associated with both current CD4+ (r=-0.153, P=0.025) and nadir CD4+ (r=-0.136,
P=0.049). No other significant correlations were found.
Nutrient intake and viral load correlations in subjects not on ART

In subjects not on ART, viral load was only significantly negatively correlated
with protein intake (r=-0.296, P=0.046).
Lipid Profiles

When comparing fasting lipid levels to the healthy standards (TC <200mg/dL,
LDL-C < 130mg/dL, HDL-C > 40mg/dL and triglycerides < 140mg/dL), both the control
and HIV-infected groups were significantly within the healthy range. Triglycerides and
LDL-C were log transformed to normality for the control group. Triglycerides were log

transformed to normality for the HIV+ group.

Table 7. Fasting Lipid Levels Compared to Healthy Standards

One-Sample T-test

Standard Mean Sig. 95% CI
(mg/dL) Difference

HIV-Infected

TC 200 -44.905 0.000 |-50.81, -39.00
LDL 130 -35.450 0.000 |-39.40,-31.50
HDL 40 3.988 0.001 1.59, 6.39

TG 140 -56.018 0.000 | -64.15, -47.89
Controls

TC 200 -49.326 0.000 |-59.01,-39.64

LDL 130 -41.140 0.000 | -51.00, -33.28




HDL 40

11.163 0.000

7.16, 15.17

TG 140

-81.442 0.000

-88.75, -74.13
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Table 8. Prevalence of Dyslipidemia: Subjects with High TC, LDL-C, TG, or Low

HDL-C

No. (%) Controls HIV+

TC 4 (3%) 21 (11.8%)
LDL-C 4 (3%) 14 (7.9%)
HDL-C 7 (5.3%) 78 (43.8%)
TG 1 (0.8%) 16 (9%)

There were no significant differences between groups for TC and LDL-C. See

Table 9. HDL-C and triglycerides were not normally distributed and were log
transformed to create a normal distribution. Independent t-tests of the log
transformations revealed significant differences between the HIV-infected and the control
groups. HDL-C was significantly lower in the HIV-infected group (-7.163mg/dL,
P=0.001). Triglycerides were significantly higher in the HIV-infected group
(25.795mg/dL, P=0.001). Differences within the HIV-infected group between those

taking ART and those not taking ART are in Table 10.

Table 9. Mean Lipid Profiles in Fasting State.

Mean = SD HIV+ (n=175) Controls (n=43) P-value
Total Cholesterol (mg/dL) 155.29 +£38.929 150.67 £ 31.471 0.473
LDL-Cholesterol (mg/dL) 94.66 +26.217 87.86 +£28.779 0.138
HDL-Cholesterol (mg/dL) 44.1 £15.923 51.16 +13.009 0.001
Triglycerides (mg/dL) 84.35 +£53.8 58.56 +23.757 0.001

Table 10. Differences in Mean Serum Lipids Between HIV-infected on ART vs. Not

on ART
ART Mean Std. Deviation P-value
TC Currently taking ART 163.4959 38.90568 0.000
Not currently taking ART 134.1702 30.33746
LDL-C Currently taking ART 98.6885 25.01672 0.001




44

Not currently taking ART 84.4167 26.66325

HDL-C Currently taking ART 47.1148 16.80132 0.000
Not currently taking ART 36.0833 9.78673

TG Currently taking ART 88.6311 58.77316 0.160
Not currently taking ART 73.4792 36.69598

Nutrient Intake and Lipid Profile Correlations

Pearson’s correlation coefficient was used to calculate the strength and

significance of correlations between the nutrients focused on by the AHA (fat, saturated

fat, trans fat, cholesterol and fiber) and serum lipid measures (TC, LDL-C, HDL-C, TG).

Variables were independent and any non-normal variables were log-transformed to

approach Normality.

The HIV-positive group results are in table 11. There was a positive correlation

between fiber intake and serum triglycerides (r=0.157, P=0.041) and trans fat intake and

serum LDL-C (r=0.158, P=0.040). There was a negative correlation between total fat

intake and serum triglycerides (r=-0.170, P=0.027).

The control group results are in table 12. There was a positive correlation

between cholesterol intake and serum triglyceride levels (r=0.315, P=0.040).

Table 11. HIV+: Correlations Between Nutrient Intake and Lipid Profiles

Correlation | TC LDL-C HDL-C Triglycerides

Fiber (% of rec) r 0.097 0.001 0.116 0.157

P-value | 0.210 0.987 0.131 0.041
Cholesterol (avg r -0.019 0.066 -0.068 -0.080
mg) P-value | 0.805 0.391 0.378 0.303
% kcal from Fat r 0.033 0.067 0.060 -0.170

P-value | 0.672 0.383 0.438 0.027
% kcal from SF r -0.038 -0.007 -0.030 -0.100

P-value | 0.623 0.923 0.702 0.193
% kcal from Trans r 0.115 0.158 -0.090 0.119
Fat P-value | 0.136 0.040 0.245 0.122




45

Table 12. Controls: Correlations Between Nutrient Intake and Lipid Profiles

Correlation | TC LDL-C HDL-C Triglycerides

Fiber (% of rec) r -0.117 -0.205 0.148 0.001

P-value | 0.455 0.187 0.344 0.993
Cholesterol (avg r 0.077 0.080 -0.064 0.315
mg) P-value | 0.623 0.608 0.685 0.040
% kcal from Fat r 0.079 0.114 -0.078 -0.049

p-value | 0.616 0.468 0.619 0.753
% kcal from SF r 0.101 0.152 -0.153 0.163

P-value | 0.520 0.332 0.326 0.296
% kcal from Trans r -0.014 0.009 0.033 -0.144
Fat P-value | 0.931 0.954 0.833 0.356




CHAPTER V
DISCUSSION AND CONCLUSION
Suboptimal Micro- and Macronutrient Intake in HIV-infected Subjects
Micronutrients

Diet was analyzed using at least two, nonconsecutive, 24-hour food recalls, which
is recommended by the IOM when analyzing dietary intake.*’” This study showed the
intake of 61%-100% of the HIV-infected youth did not meet dietary guidelines for
vitamins A, D, E, pantothenic acid, folate, calcium, magnesium, potassium, and sodium.
Mean intake for these nutrients was significantly lower, or in the case of sodium higher,
than the DRI.

Most studies used different methodologies to determine adequate nutrient intake,
therefore caution must be taken before making direct comparisons between studies.
Kruzich and colleagues42 also found suboptimal vitamin A and E intake among 13-38%
of HIV-infected adolescents; however, the less stringent Estimated Average Requirement
(EAR) was used to assess adequate nutrient intake. The EAR is the nutrient intake
amount that is expected to meet the needs of only half of the healthy population.”® The
IOM* recommends comparing intake to the EAR for the general population. However,
the World Health Organization recommends that children and adults with HIV meet at
least the RDA;'® therefore, our study compared mean intake of nutrients to the RDA.
Zinc intake did not meet requirements in the Kruzich and colleagues’ study,42 but that

was not the case in this study with mean zinc intake reaching 108% of the DRI for the

46
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HIV+ group. Zuin et al.*! only assessed intake of 4 nutrients using 3-day food diaries,
but similarly found that calcium intake was well below the RDA in HIV-infected
children. They also found poor dietary iron intake, which was not supported by our
study.

Vitamin D, calcium, potassium, and vitamin E were the micronutrients consumed
in the lowest amounts (HIV+: mean <60% of the DRI), and sodium intake was
exceedingly excessive (HIV+=236% of Al). Proper intake of these micronutrients is vital
for optimal health. Vitamin D and calcium are important for proper bone growth in our
adolescent population,49 and research suggests that low serum vitamin D is associated
with CVD risk factors in US children and adolescents.”® Due to the already increased

13,38,43,44

risk factors for CVD in the HIV-infected population, vitamin D intake is of even

greater importance. In fact, studies on HIV-infected adults have shown associations
between vitamin D status and markers for CVD, as well as immune function.’'>?
Consuming adequate potassium and staying within recommendations for sodium intake
can help regulate blood pressure, an important factor in reducing CVD risk."?
Furthermore 95% of our study population was African American, which is a race
particularly sensitive to the effects of these key nutrients on blood pressure and
cardiovascular problems.'? The effects of these nutrients on the blood pressure of this
study population should be explored in future studies. Vitamin E is important for immune
function*® and is an antioxidant that protects against oxidative damage, which is
increased in HIV-infected individuals.™ Stephensen et al.*® concluded that HIV-infected

youth have a greater need for vitamin E, as well as C, yet our HIV-study population is

only consuming 54% of the vitamin E DRI for healthy individuals.
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Macronutrients

The recommendation on the macronutrient breakdown of protein, carbohydrate
and fat does not differ for the HIV-infected individual.*'®*!*® Protein and carbohydrate
intake was sufficient and fell within the recommended AMDR for both groups. Past
research shows consuming adequate protein is not a concern for HIV-infected youth. The
dietary intake of all of the children studied by Zuin and associates*' exceeded the RDA
for protein. Henderson and colleagues® found the mean protein intake was 200% of the
RDA among 38 HIV+ children, and Sharma et al.** found that mean protein intake
ranged between 160-378% of the RDA in 126, HIV-infected 3-20 year olds.

The HIV-infected youth in this study had a mean percent fat intake from
kilocalories that exceeded the recommendations, while the control group’s intake
remained within the AMDR. In Brazil, Tremeschin and colleagues13 also found fat intake
exceeded the AMDR (38.5% of kilocalories), but did not find any difference between the
HIV-infected youth and the controls. Mean percent fat from kilocalories for the HIV-
infected group in our study was significantly above the AMDR range maximum of 35%.
Intake Differences Between HIV-infected and Healthy Subjects

Analysis of the food recalls also shows HIV-infected youth present with poorer
micro- and macronutrient intake compared to healthy controls despite similarities in
caloric intake. The HIV+ group had significantly lower dietary folate, calcium, vitamin
A, E, K, C, thiamin, riboflavin, pantothenic acid, copper, phosphorus, magnesium,
manganese, and potassium intake. Some researchers®® believe that adequate intake of

these vitamins and minerals contribute to the slowing of HIV progression due to their
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antioxidant effects and ability to reduce oxidative stress. Oxidative stress is considered
as an important factor in the pathogenesis of the HIV disease.

Furthermore, the HIV+ group had significantly higher percent calories from fat
and lower percent calories from carbohydrate compared to the control group.
Alternatively, most studies did not find differences in nutrient intakes between the
infected and the healthy children and adolescents.*'****'** The REACH study’ did find
that macronutrient intake was poorer in the HIV-positive group of adolescents due to
higher intakes of fat, saturated fat and cholesterol compared to the non-infected controls.
Nutrient Intake Associations with HIV-Related Factors

Overall, research suggests that sufficient micronutrient status may contribute to
improved immune status and survival in HIV-infected individuals. Baum and
colleagues24 found that as serum vitamin A, B-12, and zinc status improved, CD4+ cell
counts increased in adult HIV-infected males. We found similar associations with the
intake of these nutrients in our cohort of male and female youth. Percent DRI of vitamin
A was positively correlated with nadir CD4+ count, and the percent DRI for zinc was
positively associated with current CD4+ count, amongst all HIV-infected subjects.
Dietary intake of riboflavin and magnesium was also positively associated with current
CD4+ count, although similar correlations were not found in other studies. When we
analyzed only subjects on ART medication, B-12 intake was also associated with CD4+
nadir, which supports the findings by Baum and colleagues.** Other studies also found
similar associations between HIV progression biomarkers and serum B-12.%°
Furthermore in one of the few studies looking at children, Steenkamp and colleagues19

found ART naive children with abnormally low serum levels of zinc and vitamin A had
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significantly lower CD4+ cell counts and higher viral loads. While analysis of our entire
HIV cohort saw associations with zinc and vitamin A intake and CD4+ counts, in our
subjects not on ART, viral load was only significantly negatively correlated with dietary
protein intake. Therefore, we did not find evidence that adequate micronutrient intake
was able to keep viral load down when ART medication was not being used. On the other
hand, adequate protein intake in those HIV-infected youth not on ART may be important.

Unfortunately, all aforementioned studies assessed serum levels and not dietary
intake, but it is worth noting similarities in correlations. Further investigation is
warranted to determine whether nutrient intake data correlate with plasma nutrient
concentrations in HIV+ youth and the potential impact of nutritional status on immune
function and HIV progression. In studies of HIV-infected adults, correlations were found
between serum concentrations and dietary intake of B—12,26 vitamin A, and zinc,24 which
may be relevant for the associations found in our study.

Few studies have looked at correlations between dietary intake of nutrients and
HIV-factors. In a study”’ of HIV-infected men that evaluated dietary intake, the
researchers found that increased intake of zinc was associated with the progression of
HIV and decreased CD4+ cell count, which we did not find. Kruzich and colleagues42
found no associations between nutrient intakes and CD4+ cell counts.

In our study, kilocalories were negatively correlated with the current and nadir
CD4+, suggesting that as our subjects increased their dietary caloric intake their immune
status worsened. While it was a weak correlation, it was still significant. Previous
studies looking at caloric intake associations found no significant associations with CD4

category, progression to AIDS,” or mortality.21 However, these previous studies used
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semi quantitative food frequency questionnaires and were done prior to the introduction
of ART. The IOM recommends using at least two, 24-hour recalls on nonconsecutive
days to assess usual intake,*” as opposed to food frequency questionnaires, which is one
of the strengths of our study. Likewise, we also saw a higher BMI was associated with
poorer intake of most nutrients, which hint at poor diet choices among those with higher
BMLIs, since calorie intake showed no association with BMI. No additional regression
analysis was performed due to the weak association, and to our knowledge this has not
been assessed in prior studies. Additional studies should investigate this association.
When looking only at subjects on ART for greater than 6 months that have a viral
load of less than 1000, there were no significant associations between nutrient intakes and
CD4+ change. One might conclude that improved dietary intake did not contribute
towards improvements in CD4+, or HIV-status; however, this information would be more
useful if the study assessed nutrient intake and CD4+ count together at different points in
time. This study only looked at average nutrient intake over the year and associations

with CD4+ change that took place prior to the collection of food recalls.

CVD Risk Factors

Chronic infection and inflammation in HIV-infected individuals seems to increase
atherosclerotic processes, including lipid abnormalities, lipodystrophy, and vascular
structural changes in children infected with HIV, which are critical risk factors for
CVD."?#44 Oyr cohort of youth was less affected by lipodystrophy and dyslipidemia.
Waist-to-hip ratios, one indicator of lipodystrophy, in our HIV-infected cohort were

similar to healthy controls. However, lipodystrophy is better diagnosed by fat
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redistribution, for instance visceral fat accumulation, and would be better assessed by

13,38
> Furthermore, assessment of

looking at changes in waist-to-hip ratios over time.
lipodystrophy is complicated due to growth;3 ¥ therefore, any assessment done in a youth
cohort would need to be treated with caution.

Mean lipid profiles were within healthy ranges for both groups, suggesting
dyslipidemia is not a concern in this population. However, the HIV-infected group did
have significantly higher mean triglycerides and significantly lower mean HDL-C. The
prevalence of dyslipidemia among the HIV-infected youth was higher than healthy
controls with 11.8% having high TC (controls=3%), 7.9% with high LDL-C
(controls=3%), 9% with high TG (controls=0.8%), and 43.8% with low HDL-C
(controls=5.3%). Other studies found similar results, including a study of a cohort of 94
children ages 1 through 18 that found 62% of the subjects on PI had dyslipidemia.44 Ina
London study,' it was determined that 10% of children on ART required hyperlipidemia
intervention. In contrast, Tremeschin and colleaguesB found no statistical differences,
among 4-17 year olds, in hyperlipidemia between the HIV-infected and control groups,
aside from increased serum triglycerides in those subjects on P1. Our study did not assess
differences in lipid values between those on PI versus other ART drugs, but did similarly
find the HIV-infected group had higher triglyceride levels compared to the controls.

In the current study, TC and LDL-C was significantly higher in those HIV-
infected youth on ART compared to those not currently on ART. Surprisingly, HDL-C

was also significantly higher in those HIV-infected youth on ART, which suggests HDL-

C may be offsetting some of the negatives associated with higher TC and LDL-C in this

group.
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Several risk factors for CVD were studied in 83 HIV-infected children in
London.* Similar to our study, mean serum triglycerides were significantly higher and
mean serum HDL-C was significantly lower in the HIV-infected children compared to
the controls. This study also looked at vasculature in the groups and determined that the
common carotid artery’s IMT was significantly higher in the HIV infected children and
FMD of the brachial artery was lower, showing this groups increased risk for
atherosclerosis and CVD.

Considering the mean BMI, our HIV-positive group would not be categorized as
overweight or obese, which is in contrast to findings of other studies in which the
majority of the cohort was found to be overweight.” This suggests that our cohort may be
in less danger of developing risk factors associated with CVD, and may also explain why
mean lipid values fell within healthy standards.

Intake Compared to Recommendations for a Heart Healthy Diet

Given the research showing HIV-infected individual’s increased risk factors for
CVD, it is important to know whether HIV-infected youth follow a heart healthy diet, and
if the intake of certain lipids and fiber influence nutritional markers of CVD. Research™
suggests HIV-infected individuals with hyperlipidemia should limit fat intake to 30% of
kilocalories, and the AND?® suggests limiting trans fat, saturated fat and cholesterol
intake to similar levels recommended by the AHA in these individuals. The AHA
recommends total fat intake to be between 25 and 35% of total calories, saturated fat to
be less than 7% of total calories, trans fats to be less than 1% of total calories, cholesterol
to be less than 300mg per day, and to consume 14g of fiber per 1000 calories consumed

per day, to reduce the risk of CVD."
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Our study revealed HIV-infected youth have poorer dietary intake compared to
healthy youth due to greater intake of nutrients associated with increased risk of
cardiovascular disease (i.e. fat and trans fat). The HIV-infected youth in this study had a
mean percent fat intake from kilocalories that exceeded the AHA recommendation. In
Brazil, Tremeschin and collealgues13 also found fat intake exceeded the 35%
recommendation. The same study found both HIV-infected and controls had excess
intake of saturated fats, which is similar to what we found with both groups significantly
exceeding the 7% recommendation and no significant difference between the groups
(HIV+=11.55%; Controls=11.12%). Sharma et al.** also used 24-hour recalls to find their
HIV-infected youth cohort had excess mean intake of saturated fat at greater than 12% of
kilocalories.

Furthermore, our study revealed percent calories from trans fats significantly
exceeded the 1% AHA recommendation in both HIV+ and controls, but the HIV+ group
had significantly higher intake than the control group. Limiting saturated and trans fatty
acids in the diet is associated with a lower risk of CVD, mostly due to its effects on LDL-
c 2

Moreover, all but one subject between both groups did not meet fiber
recommendations, and mean intake of fiber in both groups was significantly lower than
the AHA’s recommendation of 14g/1000kcal. The HIV+ group had significantly worse
fiber intake than the control group. Increased dietary fiber, both insoluble and soluble,
has been linked with lower CVD risk as well as decreased progression to CVD in high-
risk individuals, such as the HIV-infected populaltion.12 In contrast to the REACH study,’

dietary intake of cholesterol was within healthy recommendations for both groups.
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Associations Between Diet and Lipid Profiles in HIV-infected Subjects

Pearson’s correlation coefficients showed few weak associations between lipid
profiles and intake of nutrients generally associated with altered serum lipids (fat,
saturated fat, trans fat, cholesterol and fiber). It did show a positive correlation between
fiber and serum triglycerides, which is unusual, but it was a very weak correlation and
may be due to the majority of fiber intake being insoluble fiber; soluble fiber is generally
associated with lower LDL-C. This study only looked a total fiber, and did not
distinguish between soluble and insoluble.

In contrast to a study of adults with HIV by Barrios and colleagues,'’ we did not
find a correlation between percent calories from fat and serum lipids in our cohort of
HIV-infected youth, aside from a weak, positive relationship between trans fat intake and
LDL-C. Surprisingly, as percent calories from fat increased, triglycerides decreased, but
this was only a very weak association, and could not be explained. Shah et al.*’ also
looked at correlations between lipid levels and specific nutrients and found trans fats
were positively correlated with triglyceride levels. Moreover, soluble fiber intake was
negatively correlated with total cholesterol, triglycerides, and non-HDL cholesterol.
They did not find any associations between lipid levels and cholesterol and saturated fat
intake. All previous studies assessing these correlations were in HIV-infected adults, and
thus may not be applicable to our population. To our knowledge, these associations have

not previously been explored in HIV-infected youths.
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Study Limitations

While the relatively large sample size was a strength for this study, there were
limitations. Often limitations arise when using 24-hour recalls, as they do with most
methods used for assessing dietary intake. There was likely over- or under-reporting of
food intake when collecting the 24-hour recalls from the youth or caregiver, and an
evaluation of the over- or under-reporting would be valuable in determining the validity
of the recalls. Also, some recalls were obtained by phone and may not have been as
accurate as those obtained in the clinic. Additionally, the control group had fewer
average recalls per subject, which could be a limitation since most of the controls only
had 2 recalls while most of the HIV-infected youth had 4 recalls completed. This
difference in recalls obtained from subjects was likely due to the ease of retrieving a 24-
hour dietary recall from HIV-infected subjects since research investigators saw them in
the clinic more for often for appointments.

The cross-sectional study design was also a limitation in that no cause and effect
could be established from the associations found. Analysis of HIV-related factors and
lipid levels with nutrient intakes in a sequential manner may have provided a causal link.

Furthermore, the BLOCK FFQ that was collected with the data was not used to
validate the 24-hour recalls; however, FFQs have limitations as well in that it does not
capture intake at different periods of time.

Moreover, the demographics of our study population may be a limitation. The
results from the study may not be extrapolated to the entire pediatric population, as 95%
of the subjects were African American. While most of the HIV diagnoses in the U.S. are

African Americans, it is only 44%," and as we saw there were differences in nutrient
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intake between different races. Also, there was a wide age range among our subjects,
which makes it more difficult to generalize results to a certain group. Analyzing the data
among different age groups such as children, adolescents, and early adulthood, would be
valuable.
Conclusion

While the HIV-infected youth in our study are consuming similar kilocalories to
those without HIV, they are making poorer food choices, which may ultimately lead to
poorer health outcomes. Unfortunately, HIV-infected youth have greater micronutrient
needs in order to maintain immune status and are at greater risk for CVD. Despite these
known issues associated with the disease, diet is a modifiable factor that these patients
may be able to control to alter their health status in the long run. Currently nutritional
needs are not being met and nutrition counseling is needed in this population to ensure
nutrient dense foods are consumed. This study supports suggestions made by the AND
as well as other studies that advise nutrition counseling is of utmost importance in HIV-
infected youth. Providing nutrition counseling to youths, early on in the disease process,
is likely to optimize health. While some may think supplements can support
inadequacies in micronutrient intake, the World Health Organization16 suggests that an
adequate diet is the best method for meeting nutrient needs in HIV-infected individuals
due to past research on supplementation. Medical nutrition therapy is known to improve
immune status, progression of HIV, and risk of mortality.3 > Furthermore, nutrition
education must be customized to the HIV-infected individual depending on age, race and
sex, as differences between these groups were seen for suboptimal nutrient intakes. To

our knowledge this was the first study to comprehensively study nutrient intake and
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associations with lipid profiles as well as HIV-related factors in HIV-infected youth. 1
believe this study offers insight into the dietary intake of this population and possible
associations with nutrients and immune status. And although poor diet was not reflected
in serum lipid profiles, the increased dyslipidemia in the HIV-infected youth may, over
time combined with poor diet, contribute towards CVD. Based on these results,
longitudinal, randomized control trials should be performed to determine the impact of

nutrition counseling and specialized diets on the health outcomes of youth with HIV.
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ABSTRACT

Background: Few studies have evaluated habitual nutrient intake among HIV-infected
youth in the United States, even though diet may influence disease progression and
chronic complication risk.

Objective: This study determined micro- and macronutrient intake in HIV-infected
youth, and investigated relationships among nutrient intake, demographics, lipid profiles,
and HIV-related factors.

Design: HIV-infected subjects and healthy controls 1-25 years old were prospectively
enrolled. Concomitant demographic, clinical and laboratory data were collected. Nutrient
intake was assessed via 24-hr dietary recalls performed every 3 months for one year,
analyzed with NDS-R software, and compared to Dietary Reference Intakes (DRIs) and
Acceptable Macronutrient Distribution Ranges (AMDRs).

Results: Subjects with >2 food recalls were analyzed (175 HIV+; 43 controls). Groups
were similar in age, race, sex, body mass index, and kilocalorie intake. Both groups did
not meet DRI for several micronutrients. HIV+ subjects had lower %DRI than controls
for vitamins A, E, pantothenic acid, magnesium, calcium, folate and potassium. Percent
kilocalories from fat was above normal and higher in HIV+ patients. Caloric intake was
negatively correlated with current and nadir CD4 counts. Zinc, riboflavin, and
magnesium %DRI were positively associated with current CD4+ count. In HIV+ subjects
not on antiretroviral therapy, HIV-1 RNA levels were negatively correlated with protein

intake.
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Conclusions: HIV+ youth have inadequate intake of several essential nutrients and
poorer dietary intake compared to controls. Intake of some nutrients was associated with
HIV-related factors. Further investigation is warranted to determine the impact of

nutrition on HIV progression and chronic complication risk in this population.
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INTRODUCTION

According to the Centers for Disease Control and Prevention (CDC), there were
almost 43,000 new diagnoses of HIV infection in the United States in 2009, with 20%
between the ages of 0 and 24 years (1). Nutritional deficiencies are common among
people with HIV, including HIV-infected youth (2-8). In HIV-infected adults, nutritional
deficiencies have been shown to affect immune status, disease progression and mortality
(7-15).

With the advent of highly-active antiretroviral therapy (HAART), concerns over
nutritional deficiencies in the HIV-infected population have shifted from AIDS wasting
syndrome, growth stunting, and chronic diarrhea to newly-described long-term
complications associated with chronic HIV infection secondary to increased
inflammation, oxidative stress, and immune activation (6-7, 16-23). For example, HIV-
infected individuals have an increased risk of cardiovascular disease (CVD) that have
been shown to be associated with nutritional deficiencies in other populations, as well as
within the HIV population (24-26). In addition, HIV-infected individuals are at an
increased risk of lipid abnormalities and metabolic syndrome, which have been shown to
improve with dietary intervention in the general population (18,22-22,24, 26-28).

Like HIV-infected adults, increased risk for CVD, and metabolic abnormalities
occurs among HIV-infected youth (18,22,29-32). Combined with a rising prevalence of
obesity in this population and higher nutritional risk due to growth and development
demands, nutritional deficiencies in this population are particularly alarming (29,33).
Moreover, chronic immune activation and increased oxidative stress in HIV-infected

youth may result in increased nutrient needs beyond the recommended intakes (6,20,34),
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while those individuals with hyperlipidemia or metabolic dysfunction may need to
decrease their fat, trans fat, saturated fat, and cholesterol intake (30,36). To date,
however, few studies have investigated nutritional intake among HIV-infected youth,
despite the serious implications for HIV disease progression and complication
development in this population (2,6,17,29, 36-38). And, notably, the few studies that
have investigated this important topic used less stringent methods than what is
recommended for nutrient intake assessment and/or only explored a few micronutrients.
Thus, the primary objective of this study was to comprehensively evaluate the
micro- and macronutrient intake in HIV-infected youth. Secondary objectives included
(1) to compare the nutrient intake in HIV-infected youth to that of current intake
recommendations, (2) to compare the nutrient intake in HIV-infected youth to that of
healthy controls, (3) to assess the associations between dietary intake and serum lipid

levels, and (4)to determine if nutrient intake is associated with HIV-related variables.

METHODS

Study Population

All patients between the ages of 1-25 years old with documented HIV-1 infection
enrolled at the Ponce Youth HIV Clinic of the Grady Health System in Atlanta, GA, USA
were eligible for this study. Participants were recruited over a 10-month period of time
while they were at the clinic for their regular HIV monitoring visits. Over 95% of
approached patients consented to study participation.

Controls were recruited with advertisement flyers hung in the HIV clinic and by

word of mouth, and selected so that the overall group matched the HIV-infected subjects
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in age, sex, and race. Healthy controls included relatives of the hospital staff, relatives of
HIV-infected patients, and HIV-negative patients seen at the clinic. Controls were
eligible if they self-reported to be free of chronic disease and had no recent or current
infection. Potential subjects >13 years of age were screened for HIV infection before
enrollment with OraQuick Advance Rapid HIV Test (OraSure Technologies, Inc,
Bethlehem, PA, USA). Controls <13 years of age were assumed HIV-uninfected unless
they were considered at high-risk for having or contracting HIV. Exclusion criteria for
controls were the same as for the infected group.

All parents or legal guardians and subjects >18 years of age provided written
informed consent to participate in the study, and those subjects 17 years of age signed the
written consent along with their parent or legal guardian. Subjects 6-10 years old gave
verbal assent and those 11-16 years gave written assent. The Institutional Review Boards
of Emory University and Grady Health Systems approved the study, and all ethical

principles of the institutions were followed throughout the study.

Study Design

Each subject underwent anthropometric, clinical, laboratory, and nutritional
intake assessments at enrollment. Subjects were then followed prospectively and one
additional nutritional intake assessment was obtained per subject for each season of the
year during routine clinic visits or by telephone interview. Only subjects with >2
nutritional assessments obtained during different seasons were included in the study. All

nutritional intake assessments and data entry were performed by registered dietitian-
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trained investigators and were overseen by registered dietitians.

Nutritional Assessments

Nutritional assessments were obtained for each season of the year by means of a
24-hour diet recall in order to capture seasonal changes in dietary intake as well as day-
to-day variation in diet. Each subject reported food intake over the last 24 hours. The
amounts were entered into Nutrition Data System for Research (NDS-R). NDS-R is a
dietary analysis program designed for the collection and analysis of 24-hour dietary
recalls and provides a detailed analysis of macro- and micro-nutrient intake in units per
day. Subjects had to have >2 nonconsecutive, 24-hour food recalls to be included in the
analysis, as per the Institute of Medicine (IOM) recommendations for dietary intake
analysis (39).

Nutritional status was assessed using Dietary Reference Intakes (DRIs), which are
the nutrient reference values derived from years of scientific research (40-41).
Micronutrient intake was compared to the Recommended Dietary Allowance (RDA) or
the Adequate Intake (Al), if no RDA existed for the nutrient. Individual recalls were
assigned to an IOM life stage group, based on the subject’s gender and age on the day of
the assessment. Due to collection of recalls taking place over time, subjects could have
multiple life stage groups and multiple DRIs for one micronutrient; therefore, percent
DRIs were calculated for each recall for each nutrient and subsequently averaged for each
subject. Thus, percent DRI was used for all micronutrient analysis. A total of 22

micronutrients were analyzed.
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Mean macronutrient intake was compared to the Acceptable Macronutrient
Distribution Ranges (AMDR). Fat, saturated fat, trans fat, cholesterol and fiber intake
were compared to the recommendations of the American Heart Association (AHA) for
the general population (total fat intake:25-35% of total calories; saturated fat: <7% of
total calories; trans fats: <1% of total calories; cholesterol: < 300 mg per day; fiber: 14g
per 1000 calories consumed per day)(26). Normal lipoprotein profile levels were
considered 200 mg/dL, 130 mg/dL, 40 mg/dL, and 140 mg/dL for total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-
C) and triglycerides (TG), respectively (2,28).

Clinical Assessments

Clinical measurements included weight, height, and waist and hip measurements
(with standardized measurements based on procedure recommendations from the
Metabolic Study Group of the AIDS Clinical Trials Group). All HIV-infected subjects
and controls (or guardians) completed questionnaires in order to obtain relevant
demographic and medical information (including vitamins and supplements). An
extensive chart review was conducted for the HIV+ subjects, including detailed
information on time of HIV diagnosis, past and current medical diagnoses, antiretroviral
therapy (ART) use, and CD4 cell count nadir.

Laboratory Assessments

Lipoprotein profiles were obtained after at least an 8-hour fast. CD4 cell counts

and HIV-1 RNA were obtained from the HIV-infected subjects.

Statistical Analysis
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Demographics, clinical characteristics, and laboratory parameters are described by
HIV status. Continuous measures are described by means/standard deviations, and
nominal variables are described with frequencies/percentages. Variables that were not
normally distributed were log transformed and parametric tests were performed. If the
variables were not normally distributed after log transformations, non-parametric tests
were used for analysis.

Statistical tests used to make group comparisons and to compare variables to
standards included: Chi-squared for categorical variables, one-sample and independent t-
tests for normally distributed means, and Mann-Whitney U test for non-normally
distributed means.

One-way analysis of variance (ANOVA) and Bonferroni post-hoc comparisons
were used to determine differences in nutrient intakes between races. Pearson’s
correlation coefficient or Kendall’s Tau were used to investigate associations between
nutrient intake and variables of interest. A P-value <0.05 was considered significant. All

analyses were carried out using SPSS 18.0.

RESULTS
Study Population
175 HIV-infected subjects and 43 healthy controls were included in the analysis.
Subject characteristics are summarized in Table 1. Groups were matched for age, race,
sex, body mass index (BMI), and waist-to-hip ratio. The prevalence of dyslipidemia was
higher in the HIV+ group compared to controls (TC=11.8% vs. 3%; LDL-C=7.9% vs.

3%; HDL-C=43.8% vs. 5.3%; and TG=9% vs. 0.8%). Mean HDL-C was significantly
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lower in the HIV-infected group and mean triglycerides were significantly higher in the
HIV-infected group. No significant differences existed between groups for TC and LDL-
C.
Dietary Intake, Comparison to Standards, and Between-Group Differences

Recalls that were obvious outliers (<500 kilocalories or >5000 kilocalories in one
24-hour period) were excluded from the analysis. A total of 674 24-hour recalls were
analyzed. 558 recalls were analyzed for the HIV+ group (mean = 3.2 recalls per subject):
75 subjects with four recalls (43%), 58 subjects with three recalls (33%), and 42 subjects
with two recalls (24%). The control group had 113 recalls analyzed (mean = 2.6 recalls
per subject): 7 subjects had four recalls (16%), 13 subjects had three recalls (30%), and
23 subjects had two recalls (53%).

Mean (standard deviation (SD)) intake for the HIV+ group was 1953.9 + 610.87
kilocalories, and 1990 + 540.8 kilocalories for the control group (P = 0.723).

Mean percentage of DRI intake of all micro- and macronutrients analyzed for the
HIV+ and control groups are presented in Table 2 and Figure 1. For the HIV-infected
group, mean micronutrient intake was less than 100% of the DRI for vitamin A, vitamin
D, vitamin E, pantothenic acid, folate, calcium, magnesium, and potassium (all P <
0.001), with a prevalence of suboptimal intake at 82%, 99%, 93%, 73%, 61%, 93%, 87%,
and 100% of subjects, respectively. Ninety-nine percent of HIV-infected subjects
consumed greater than the recommended DRI for sodium with the mean intake
significantly greater than the DRI (P < 0.001). For the controls, micronutrient intake was
less than 100% of the DRI for vitamin A, vitamin D, vitamin E, calcium, magnesium, and

potassium, and greater than the recommended DRI for sodium (all P < 0.001) with a
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274  prevalence of suboptimal intake at 67%, 95%, 93%, 86%, 74%, 100%, and 100% of
275  subjects, respectively.

276 Among nutrients that were consumed in sufficient amounts within the HIV+
277  group, the HIV+ group nonetheless had a significantly lower percent DRI compared to
278  controls for vitamin K (-37.6%, P = 0.038), vitamin C (-42.6%, P = 0.003), thiamin (-
279  25.45%, P = 0.029), riboflavin (-42%, P = 0.002), copper (-18.2%, P = 0.048),

280  phosphorus (-20%, P = 0.033), manganese (-18.1%, P = 0.044).

281 Mean percentage of calories from carbohydrate and protein fell within the AMDR
282  for both groups. Fat intake significantly exceeded the AMDR only for HIV-infected
283  subjects (P =0.018) (Figure 2). Compared to AHA recommendations, both groups had
284  significantly less fiber intake and greater percentage of calories from saturated fat and
285  trans fat, but normal cholesterol intake. The HIV+ group had significantly higher %
286  kilocalories from fat and trans fat, and significantly lower % kilocalories from

287  carbohydrate (-2.9%, P = 0.014) compared to the control group, but no difference in
288  protein intake (P = 0.177).

289 Within the HIV-infected group, females had significantly lower calorie intake (-
290 387 kcal, P < 0.001) and mean percent DRI for folate (-0.184%, P = 0.004), pantothenic
291  acid (-0.182%, P = 0.000), vitamin D (-0.09%, P = 0.002), calcium (-0.17%, P < 0.001),
292  and potassium (-0.085%, P < 0.001). African Americans had a lower percent DRI of
293  vitamin D (-26.2%, P = 0.027) and calcium intake (-31.2%, P = 0.017) than Caucasians.
294  Latinos had significantly lower percent fat intake from calories compared to African
295  Americans (-10.8%, P = 0.003) and Caucasians (-10.1%, P = 0.031).

296
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Associations Between Nutrient Intake and Serum Lipid Levels

Within the HIV-infected group, there was a positive correlation between trans fat
intake and serum LDL-C (r = 0.158, P = 0.040), as well as between fiber intake and
serum triglycerides (r = 0.157, P =0.041). There was a negative correlation between
total fat intake and serum triglycerides (r = -0.170, P = 0.027). In the control group there
was a positive correlation between cholesterol intake and serum triglyceride levels (r =

0.315, P =0.040).

Associations Between Nutrient Intake and HIV-Related Factors

Age was positively associated with intake of calories, phosphorus, sodium, and fat
(Table 3). Body mass index was negatively correlated with percent DRI of vitamin A,
vitamin D, vitamin E, riboflavin, thiamin, niacin, pantothenic acid, vitamin B6, folate,
vitamin B12, magnesium, iron, zinc, copper, potassium, and selenium.

Within the HIV-infected group, calorie intake was negatively correlated with
current CD4+ cell count and nadir CD4+ cell count. The percent of DRI for vitamin A
was positively associated with nadir CD4+ cell count count. The percent of DRI for zinc,
magnesium, and riboflavin was positively associated with current CD4+ cell count.

Among HIV-infected subjects currently on ART, riboflavin and B12 intake was
positively associated with CD4+ cell count nadir. Current CD4+ cell count was
positively associated with magnesium and zinc intake. For subjects on ART for >6
months with an HIV-1 RNA <1000 copies/mL, there were no significant associations
between nutrient intake and change in CD4+ cell count after starting ART (current-nadir

CD4).
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There were no significant correlations with CD4+ cell counts among those
subjects currently not on ART. However, HIV-1 RNA was negatively correlated with

protein intake (r = -0.296, P = 0.046).

DISCUSSION

This study showed that the nutrient intake in HIV-infected youth did not meet
dietary guidelines for a number of critical micronutrients, including vitamins A, D, E,
pantothenic acid, folate, calcium, magnesium, potassium, and sodium. Vitamin D,
calcium, potassium, and vitamin E were consumed in the lowest amounts, while sodium
intake was exceedingly excessive.

HIV-infected youth also had poorer micro- and macronutrient intake compared to
healthy controls despite similarities in caloric intake. Proper nutrient intake is vital for
optimal health in the HIV-infected population, as many micronutrients have been
associated with diseases known to be increased in this population. For example, HIV-
infected individuals are at an increased risk of CVD (2, 22, 30-31, 42-43). Low serum
vitamin D concentrations are associated with CVD risk factors in children and adults, in
both the HIV-infected and HIV-uninfected populations (42-45). Furthermore, consuming
recommended amounts of potassium and sodium can help regulate blood pressure,
another important factor in reducing CVD risk (26).

Importantly, in our cohort of HIV-infected youth, we did observe a greater
prevalence of dyslipidemia and significantly higher mean TG and significantly lower
HDL-C than healthy controls. Moreover, the HIV-infected youth in this study had a

percent total fat, trans fat, and saturated fat intake from kilocalories that exceeded
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recommendations, and fiber intake was less than recommendations in all but one subject.
Fat and fiber intake aberrations have been associated with CVD risk in the general adult
population. For example, limiting dietary intake of saturated and trans fat is associated
with a lower risk of CVD, mostly due to its positive effects on LDL-C (26). Increased
dietary fiber, both insoluble and soluble, has been linked with lower CVD risk and
decreased progression to CVD in high-risk adults (26).

Adult HIV studies have also shown associations between trans fat intake and
serum TG levels (24), as well as between percent calories from fat and serum TC and TG
(46). Despite these findings previously found in adults, there were few meaningful
associations between nutrient intake and lipid profiles in our cohort of HIV-infected
youth. These associations have not been previously studied in HIV-infected youth, and
thus, nutrient intake may not have the same relationship to serum lipid levels as found in
adults. Alternatively, inadequate power and/or confounding factors may have played a
role. These relationships should be analyzed more systematically in future studies, given
the high prevalence of dyslipidemia and high fat intake within this population.

Importantly, appropriate micronutrient levels may contribute to improved immune
status and survival in HIV-infected individuals (7, 8, 10-15, 47-49). For instance, Baum
and colleagues found that as serum vitamin A, B12, and zinc status improved, CD4+ cell
counts increased in HIV-infected adult males (12). This association between
micronutrient sufficiency and HIV disease status has been repeated in other studies (5,
12, 14-15), despite some conflicting data which investigated micronutrient intake (38).
Notably, Steenkamp, et al showed that in ART-naive children with abnormally low

serum levels of zinc and vitamin A had significantly lower CD4+ cell counts and higher
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HIV-1 RNA levels (5). Decreased vitamin D concentrations have also been associated
with increased mortality and HIV disease progression among several HIV-infected
populations, including in children born to HIV-infected woman with vitamin D
deficiency (48-49). Similarly, vitamin E is important for immune function and is a
potent antioxidant, which may be particularly important in HIV-infected individuals who
have increased oxidative stress (6, 38).

In our current study, we found some notable correlations between nutrient intake
and variables used to assess HIV disease status. Vitamin A intake was positively
correlated with nadir CD4+ cell count, and zinc, riboflavin, and magnesium intake were
positively associated with current CD4+ cell count. In subjects not on ART and with
uncontrolled viremia, CD4+ cell count was not significantly correlated with zinc, niacin
or vitamin A intake, as was shown in a previous studies (10, 15), but HIV-1 RNA was
negatively correlated with dietary protein intake. This may suggest that HIV-infected
individuals, especially when their viremia is not suppressed with ART, may be in an
increased metabolic state, requiring additional protein. Studies showing a higher rate of
protein oxidation in HIV-infected children corroborate this finding (34).

Total intake of kilocalories was negatively correlated with current and nadir
CD4+ cell counts, which may suggest that individuals with more advanced HIV disease
(i.e. with a lower CD4 count and lower CD4 nadir) require a higher amount of calories
compared to individuals with higher CD4 counts. This is consistent with the
aforementioned findings suggesting that individuals not on ART with uncontrolled
viremia may have not only greater protein needs, but increased kilocalorie intake overall.

When an individual’s immune system is highly immunocompromised and overwhelmed
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with viremia, this may help to preserve immune function and/or allow a faster immune
reconstitution once ART is initiated. Previous studies evaluating caloric intake did not
find any associations between CD4 category and progression to AIDS (15), or mortality
(10). However, these previous adult studies used semi-quantitative food frequency
questionnaires, instead of the IOM’s recommendation to use at least two, 24-hour recalls
on nonconsecutive days to assess usual intake (39), and were also done in the pre-ART
era. Thus, further investigation is warranted to determine total kilocalorie and protein
needs at various clinical and virological stages of disease in HIV-infected youth. In HIV-
infected adults, medical nutrition therapy has been shown to improve immune status,
progression of HIV, and risk of mortality (21).

Despite the important findings in our study, there were several limitations,
including a cross-sectional design which cannot prove causality, a relatively small control
group, and a wide-age range among our subject population. In addition, while the IOM
recommends using 24-hour recalls to determine nutrient intake (39), they do have
drawbacks. Due to their recall nature, there was likely over- or under-reporting of food
intake. We tried to account for this by omitting recalls that were clear outliers.
Regardless, 24-hour dietary recalls still remain the best method for adequately assessing
diet and making comparisons to DRIs (39). Similarly, we are assuming that dietary
intake is correlated with serum levels, and this may not be the case. However, in studies
investigating HIV-infected adults, correlations were found between serum concentrations
and dietary intake of B12 (14), vitamin A, and zinc (12). Additional studies are needed

to determine whether nutrient intake data correlate with serum nutrient concentrations in
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our current study population, and whether the serum nutrient status has an impact on
immune status and HIV progression in HIV-infected youth.

Our study was comprised of 95% African Americans, which limits our ability to
generalize the results. However, this race is particularly sensitive to the effects of these
key nutrients on blood pressure and cardiovascular problems and may benefit the most
from improving their nutrient intake based on these results (26). Finally, due to the large
number of variables that were tested in univariate fashion, there was a risk of Type I
errors. However, these exploratory data provide a substrate from which to design future
longitudinal, randomized-controlled trials.

Nevertheless, this study offers insight into the diet of this vulnerable population
and possible associations with HIV-related variables and chronic complication risk. The
important point is the high prevalence of suboptimal nutrient intake among HIV-infected
children and young adults, which could have a serious impact on their long-term
morbidity and mortality.

These results are novel as few studies have evaluated nutrient intake in HIV-infected
youth, and none has used 24-hour food intake recall data compared to the current micro-
and macronutrient RDAs, which are the gold standards according to WHO and IOM (9,
39). Diet is a modifiable factor, and providing nutrition counseling early on in the
disease process is likely to optimize health and improve long-term outcomes.
Longitudinal, randomized-controlled trials are also needed not only to determine the
impact of nutrition counseling on the nutrient status of HIV-infected youth, but to better
define their actual intake requirements necessary to attenuate risk of chronic

complications, such as CVD, and minimize disease progression.
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Table 1. Subject Characteristics

Mean % SD or no. (%)

Age (Years)
Race Black
White
Latino
Gender  Male
Female
Body Mass Index (kg/m?)

Waist-to-Hip Ratio

HIV+ (n=175)

17.44 £4.79
166 (94.9%)
6 (3.4%)
3(1.7%)
94 (53.7%)
81 (46.3%)
22.53+5.72

0.85 +0.08

Controls (n=43)

17.26 +6.14
39 (90.7%)
4 (9.3%)
0 (0%)
24 (55.8%)
19 (44.2%)
22.16 £5.17

0.83 +0.07

P-value

0.688

0.183

0.804

0.813

0.124
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Total Cholesterol (mg/dL) 155.29 +£38.929 150.67 +31.471 0.473
LDL-Cholesterol (mg/dL) 94.66 + 26.217 87.86 +28.779 0.138
HDL-Cholesterol (mg/dL) 44.1 £15.923 51.16 £ 13.009 0.001
Triglycerides (mg/dL) 84.35 £53.8 58.56 £ 23.757 0.001
Currently on ART 119 (68%)

ART-naive 25 (14%)

Perinatally-infected 113 (64%)

Time from HIV diagnosis 109 £104

(years)

CDA4+ cell count (cells/mm3) 499 + 361

CD4+ cell count % 263+ 12.1

CD4+ cell count nadir 291 + 267

(cells/mm3)

ACD4 (nadir-current) cell 208 + 255

count (N=156)

HIV-1 RNA <1000 copies/mL 101 (58%)
Cumulative NRTT use 743 + 65.2
(months)

Cumulative PI use (months) 533+ 54.5

ART, antiretroviral therapy; NRTI, nucleoside/nucleotide analogue reverse transcriptase
inhibitor; PI, protease inhibitor

608



Table 2. Mean % Dietary Reference Intakes

93

Vitamin A
Vitamin D

Vitamin E

Vitamin K
Vitamin C
Thiamin
Riboflavin
Niacin
Pantothenic
Acid '

B-6

Folate
B-12
Calcium
Phosphorus

Magnesium

HIV-Infected (N=175)

Mean (+ SD)
Intake that Met

DRI

115.0% + 120.9
127.8% +109.4
145.3% + 53.6
154.5% + 69.3

259.7% + 84.2

143.0% + 58.8

208.4% * 327.8

117.1% + 53.5

Controls (N=43)

Mean (£ SD) Mean (£ SD)
Intake That Did  Intake That Met
Not Meet DRI DRI
MICRONUTRIENTS
77.6% + 120 --
27.0% +21.3 --
54.1% + 33.7 -
- 152.7% + 146.0
- 170.4% + 110.8
- 170.8% +79.8
- 196.4% + 101.4
- 285.4% +90.3
87.5% +38.2 106.1% + 54.8
- 162.2% + 64.8
96.8% +48.3 114.1% + 54.4
- 2253% +178.0
57.6% +27.2 -
- 137.1% + 58.6
63.7% +30.4 -

Mean (£ SD)
Intake That Did

Not Meet DRI

96.8% +75.0

36.0% +31.8

64.6% +27.9

69.5% + 30.7

80.2% +40.4
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Manganese  114.8% +53.6 -- 133.0% +48.9 --
1
Iron 126.6% + 69.7 -- 131.2% + 66.8 --
Zinc 108.3% +46.9 - 111.7% £ 41.6 --
Copper 133.7% + 174.0 -- 151.9% + 95.6 --
Selenium 206.6% = 77.5 -- 228.4% + 85.8 --
Sodium ' - 236.3% + 83.1 - 247.2% +74.3
Potassium ' - 39.5% % 14.1 - 45.0% £ 12.7
MACRONUTRIENTS (% of total kilocalories)
Mean (= SD) Mean (= SD) Mean (= SD) Mean (= SD)
Intake Intake Intake Intake Exceeds
Within AMDR Exceeds AMDR  Within AMDR AMDR
Fat - 36.0% +5.7° 33.8% +5.1 -
CHO 48.2% £ 7.0 -- 51.0% £ 5.6 --
Protein 15.7% + 3.6 -- 14.9% £ 2.6 --
AHA RECOMMENDATIONS®
Mean % (£ SD) of AHA recommended intake
Met Did not meet * Met Did not meet *
Saturated -- 165.0% +32.8 -- 158.8% +31.1
fat

Trans- fat -- 145.1% + 55.3 -- 115.0% = 57.1
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616

617

618

619

620

621
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Cholesterol 85.0% +£45.0 - 87.7% £ 43.6 -

Fiber - 43.3% + 13.7 - 48.8% + 15.7

! Micronutrient with adequate intake (AI); micronutrients without superscript have
recommended dietary allowance (RDA)

*Significantly suboptimal intake with P <0.001

3Significantly suboptimal intake with P <0.05

*AHA recommendations: Saturated fat = 7% of kcals; trans-fat = 1% of kcals; cholesterol =
300mg/day; fiber = 14g/1000kcal

AHA, American Heart Association; AMDR, acceptable macronutrient distribution range;

CHO, carbohydrate; DRI, dietary reference intake
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Table 3. Associations between nutrient intake and HIV-related factors

Calories
Phosphorus
Sodium
Fat
Vitamin A
Vitamin D
Vitamin E
Riboflavin
Thiamin
Niacin
Pantothenic
Acid
Vitamin B6
Folate
Vitamin

B12

Magnesium

Iron

0.152

0.253

0.133

0.122

Age

0.003

<0.001

0.027

0.017

BMI

-0.135

-0.108

-0.179

-0.201

-0.184

-0.162

-0.146

-0.173

-0.190

-0.129

-0.229

-0.122

0.008

0.034

<0.001

<0.001

<0.001

0.002

0.004

0.001

<0.001

0.012

<0.001

0.017

Current CD4+
r P
0.116  0.024
0.120  0.019
0.141  0.006
0.140'  0.020!

Nadir CD4+
r P
-0.105  0.041
0.102  0.047
0.129'  0.033!
0.1221  0.044!
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623

624

625

626

627

628

629

630

631

632
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-- -- -0.179 <0.001 0.128  0.013 -- --

Zinc

0.188"  0.050'
Copper - - -0.210 <0.001 — - ~ -
Potassium - - -0.110 0.032 -- - - -
Selenium - - -0.163  0.001 -- - - -

r=Pearson’s correlation coefficient
" Includes only HIV+ subjects currently on antiretroviral medication (N=119)
No significant correlations were found between nutrients and those variables without numbers reported in

the table, or for those nutrients not listed in the table.
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659

660
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662

663

664

665

666

667

18082
1602
1408
1208
1008

% of recommendation

<0.001

0.020

0.023

Fiber

Fat

Trans Fat

Saturated
Fat

Cholesterol

| HIV+

43 308

103.00%

145.10%

165.00%

84.97%

kd Controls

45 81%

96.60%

115.00%

158.80%

87.67%

Figure 2.
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FIGURE LEGEND

Figure 1. HIV+ Micronutrient Intake Deficiencies: Differences Between Groups in Mean

% DRI intake.

Figure 2. Differences Between Mean % Intake of AHA recommendation.

* denotes a significant difference from AHA recommendations with a P-value < 0.001
+ denotes significantly within AHA recommendations with P-value <0.001

t denotes significant difference from AHA recommendations with a P-value < 0.05

P-values above the bars show significant differences between HIV+ and Controls



