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Insufficient dietary intake
Malabsorption and diarrhea
Impaired storage and altered metabolism

N

Increased HIV replication Micronutrient
Progression of disease deficiencies

Increased morbidity /

Increased oxidative stress
Immunosuppression

Semba RD and Tang AM. Br J Nutr. Mar 1999;81(3):181-189.
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Table 2. Estimated mean values tat age 35 years) of the parameters oi energy
balance in HiV-seropositive subjects compared with HIV-seronegative
controls, from fitting the analysis of covariance model.

HIV+

Patient characteristics
No. patients 104 57
Mean {SDj age tyears)' 37.918.2) 31.317.3) < 0.00001
Body mass index 224 234 0.06
Dietary intake and nitrogen excretion
Energy intake tkeal/day) 2243 1908 0.05

Protein intake (g/day) 82.8 76.5 0.32
)

Nitrogen intake (g/day) 13.2 12. 0.32

24 h urine nitrogen (g/day) 12.7 4. 0.27
REE and substrate oxidation
REE/FEM {kcal/kg/day) 32. 30. < 0.0001
Respiratory quotient . . 0.91
Cathohydrate oxidation (g/kg FEM/day) 3. 3.7 0.64
Fat oxidation ig/kg FEM/day) . 1. 0.14
Protein oxidation {g/kg FFM/day) . . (.16

Sharpstone DR et al. AIDS. 1996;10(12):1377-1384.




Table 2
Body composition, energy, and metabolic parameters in HIV-infected and non-HIV-infected subjects

Variable HIV+ (n = 283) Control* (n = 146) P valu®

P value adjusted for age and BMI

Body composition parameters
Waist (cm)

Hip (cm)

Waist-to-hip ratto

CT VAT (e

CT SAT (sz)

Total body fat (kg)
FFM (kg)

Energy parameters
REE (kcal/d)
% Predicted BMR

948 £08
1004 £0.7
0.94 £ 0.00
1215 £4]
B13£91
211£06
7107

1730 £22
108 1

972£13
1080£12
090 £0.0]
1308£79
3193£173
20412
0511

1703 £40
%+

13
<000]
<000]

25
<0001
<000]

12

3
<000]

0003
<0001
<0001

020

4

011

8

027
<0001

31803

298403

<0001

<0001

REEFFFM (Real [ kg])
RO

0.83 £ 0.00

085 £0.0]

003

02

Fitch KV et al. Metabolism 2009;58(5):608-615.
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TABLE 2. Follow-Up Characteristics of HIV-Infected Patients Aged =15 Years Stratified by BMI (weight/height?)

BMI <16

16 <BMI
<18

18 < BMI
<20

20 < BMI
<22

BMI >22

No BMI

BMI Late*

n

Median follow-up
time in months
(IQR)

Number who started
on co-trimoxazole
prophylaxis (%)

Number of deaths
during follow-up
(Qf’i])

354

6 (2-18)

102 (29)

268 (76)

320

9 (4-24)

103 (32)

206 (64)

348

19 (7-41)

123 (35)

154 (44)

280

22 (8-52)

109 (39)

104 (37)

355

32 (14-56)

111 (31)

96 (27)

Median survival
time in years
(IQR)

Mortality rate (95%
CI) per 100 person-
years of observation

0.8 (0.2-2.0)

66 (63-69)

1.2(0442)

43 (40-46)

3.6(1.0-8.5)

19 (16-21)

54(1.6-7)

14 (5-16)

8.9 (3.5-7)

8 (7-10)

266

3(0-25)

44 (17)

187 (70)

0.3 (0.04.5)

52 (47-56)

142

49 (20-82)

45(32)

47 (33)

7(3.1-7)

8 (6-10)

*First BMI >90 days after diagnosis.
? indicates that the median/upper CI could not be estimated.

van der Sande MA et al. JAIDS 2004;37(2):1288-1294.
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Figure 2. The combined effect of baseline body mass index (BMI) and
weight change after 3 months of ART on the risk of mortality.

Liu et al, JID 2011:204)
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« Vitamin B1 (>=5 x RDA)
* RR=0.61, 95% ClI: 0.38-0.98

. Vitamin B2 (>=5 x RDA)
- RR=0.60, 95% CI: 0.37-0.97

. Vitamin B6 (>=2 x RDA)
- RR=0.60, 95% ClI: 0.39-0.93

Tang et al. AJE 1996



Matched case-control study, N=175 pairs

Black HIV + patients in Johannesburg
1985-1997

Median time to progression 32.0 wk for those
without vitamins versus 72.7 wk for those who

took B vitamins (p=0.004)

Median survival 144.8 wk for patients without
vitamins, 264.6 wk for those who took B
vitamins (p=0.001)

Kanter et al. JAIDS 1999



« RCT, N=481, duration=48 weeks

« Daily placebo vs. multiple micronutrients

« Overall mortality:
RR=0.53 (95%CIl 0.22-1.25), p=0.10

Mortality Among those with CD4 <200:
RR=0.37, p=0.05

Mortality Among those with CD4 <100:
RR=0.26, p=0.03

Jiamton et al. AIDS 2003



Factorial design of Vitamin A, and Vitamins B-
complex, C, and E

Women enrolled during pregnancy
Followed up for median of 6 years
Monthly assessments of clinical signs

Regular assessment of CD4+ count, HB
concentration, and viral load

High compliance

Fawzi et al. NEJM 2004



- PREFORMED VIT A : 5000 IV

- p-CAROTENE

- B1 : 20 mg
- B2 : 20 mg
- B6 : 25 mg

* NIACIN : 100 mg

: 30 mg
- B12 : 50 ug
- C : 500 mg
- E : 30 mg

- FOLATE: 0.8 mg




Characteristic

CD4+ cell count
Mean (SD)
Median

CD4+ categories (%)
<200
200-499
500+
Unknown

Multivitamins
[N=539]

444 (249)
415

11.8

51.0

29.7
7.6

No Multivitamins
[N=539]

453 (289)
407

12.2

519

29.0
7.0

Vitamin A
[N=540]

438 (255)
404

12.1
53.1
2739

6.8

No Vitamin A
[N=538]

459 (284)
419

11.8

49.7

30.7
7.8
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—— Multivitamins B, C, and E
Multivitamins and Vitamin A

—— Vitamin A alone

— Placebo

24 36

Months after randomization

Fawzi et al. NEJM 2004



End Point

Whele period

CD4+ cell count/ mm?

First 2 years

CD4+ cell count/mm?

First 4 years

CD4+ cell count/mrm@

Mean Value
in Placebo Group™

449+ 255

494+257

470+254

Multivitamins

Mean Difference

(95% Clj 7 PValue

4% (10 to 85) 0.01

48 (13 t0 79) 0.002

38 (& to 68) 0.01

Multivitamins + Vitamin A

Mean Difference

(95% CIjy PValue

41 dtodT 0.03

2 (-11t053) 020

19 I:— 12 to 5|:|:|

Vitamin A Alone

Mean Difference

(95% CI)y PValue

-151-45t0 14) 0.30

-16 (44 to 13) 0.28

18(46t0ll) 022

Fawzi et al. NEJM 2004



Relative Risk
Complication Episodes| in Placebo Group Multivitamins VitaminA Alone

Relative Risk Relative Risk
(95% Cl) PValue (95% Cl) PValue

Thrush 0.14:0 48 . 0.47 (0.30-073)  <0.001 069 (0.44-107) 010
Gingival erythema 0.02+0.14 : 0.22 (0.06-0.83) 0.02 1.00 (0.40-2.46) 0.99
Angular cheilitis 0.11+0.48 : 0.45 (0.25-0.79) 0.006 1.54 (0.95-2.51) 0.08
Oral ulcer 0.1040.30 . 044 028-0.68)  <0.001 094 059-148) 078
Reported mouth and throat ulcers 0.2810.93 : 047 (0.33-0.66) <0.001 1.01 (0.74-138) 093
Painful tongue or mouth 0311098 . 046 (0.33-0.66) <0.001 103 (0.76-140) 0385
Difficul: or painful swallowing 0.16+0.55 . 041 (0.26-0.63) <0.001 1.25 (0.88-1.77) 0.21
Nausea and vomiting 0.38+1.14 . 0.69 (0.50-0.97) 0.03 0.98 (0.71-1.35) 091
Diarrhea 0.55+1.25 : 0.83 (0.63-1.09) 013 0.95 (0.72-1.25) 0.71
Dysentery 0.1940.71 ! 0.66 (0.45-0.95) 003 0.90 (0.62-1.28) 054
Fatigue 0.59+]1 .43 . 0.64 (0.49-0.86) 0.003 104 (0.79-1.35) 079
Rash 0.96+1.76 : 0.74 (0.57-0.96) 0.02 0.83 (0.64-1.06) 013

Acute upper respiratory tract 0.83+1.13 : 0.79 (0.66-0.96) 0.02 0.96 (0.80-1.14) 062
infection

Fawzi et al. NEJM 2004



P (MUAC 2 22 cm)

1.00 -

0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50

w—= MULTIVITAMINS

MVITS + VITA
== VITAMIN A
PLACEBO

RR MVITS vs. Placebo = 0.66 (0.47, 0.94)

2 4 6 8

10 12 14

Time (months)

16

18 20 22 24

Villamor et al. AJCN 2005



Placebo MVits MVits + A Vit A Alone
(N=219) (N = 228) (N = 226) (N=233)
Mean (SD) Difference Difference Difference

1084 (1.31) | 0.20 (0.00,0.40) 021(002 0.40) 004(016023 .
Period

Up to 70 10.16 (1.87) | 0.59 (0.22, 0.97) 0.53 (0.15, 0.91) 0.32 (-0.06,0.70)

Days
Postpartum

First 2 10.64 (1.49) | 0.37 (0.13, 0.62) | 0.003 | 0.36 (0.12, 0.60) | 0.003 | 0.17 (-0.08,0.42) | 0.2
Years
10.88 (1.42) | 0.27 (0.06, 0.48) 0.27(0.07, 0.48) | 0.009 | 0.09 (-0.12,0.30)
Years

Fawzi et al. 2006



No. (%) of Patients
[ |

Standard-Dose  High-Dose High-Dose
Regimen Regimen Multivitamins,

Outcome (n=1708) (n=1710) RR (95% CI)

HIV disease progression
or death from any cause

All patients 1229 (72.0) 1231 (72.0) 1.00 (0.96-1.04)

By baseline BMI®
=16 1127 (71.1) 1120 (71.1) 1.00 (0.96-1.05)

<16 92 (82.9) 99 (85.3) 1.03 (0.92-1.15)

Death from any cause
All patients 220 (12.9) 233 (13.6) 1.06 (0.89-1.26)

By baseline BMIP
=16 187 (11.8) 183 (11.6) 0.98 (0.81-1.19)

<16 31 (27.9) 44 (37.9) 1.36 (0.93-1.98)

AlDS-related death
All patients 64 (3.8) 73 (4.3) 1.14 (0.82-1.58)

By baseline BMI®
=16 54 (3.4) 57 (3.6) 1.06 (0.74-1.53)

<16 8(7.2) 14 (12.1) 1.67 (0.73-3.84)

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; HIV, human
immunodeficiency virus; RR, risk ratio.

a_By x° test.

® P values were calculated by test for interaction from the Wald test for risk-ratio homogeneity. Test for interaction by base-
ine BMI, P=.63 for HIV disease progression or death from any cause; P=.14 for death from any cause; and P=.32 for
AlDS-related death.

Isanaka et al. JAMA 2012



Laboratory Outcomes

Standard-Dose Regimen
(n=1708)

High-Dose Regimen
(n=1710)

|
No. of Patients

(Measurements)

Mean (SD)

I
No. of Patients
(Measurements)

Mean (SD)

Mean Difference
(95% CI)®

CD4 count/uL

1394 (5221)

324 (163)

1374 (5215)

312 (159)

-6(-16t04)

Plasma viral load, log copies/mL

109 (140)

37(1.2)

127 (166)

3.5(1.2)

-0.1 (-0.4 10 0.3)

BMI

1602 (13927)

224 (5.7)

1593 (13655)

22.2(4.3)

0.0(-0.21t00.1)

Hemoglobin, g/dL

1467 (5844)

11.0(1.9

1468 (5866)

11.1(1.9)

-0.1 (-0.210 0.0

Clinical Outcomes

No. of
Patients
(Measurements)

Events per

Person-Yearsd

No. of
Patients
(Measurements)

Events per

Person-Yearsd

Incidence Rate Ratio

(95% Cl)®

Fatigue

1581 (24 392)

1175 per 1854

1596 (24 196)

1115 per 1835

0.95 (0.85 to 1.07)

43

Nausea or vomiting

1581 (24 392)

744 per 1854

1596 (24 196)

729 per 1853

0.99 (0.87 to 1.14)

.90

Diarrhea

1581 (24 392)

709 per 1854

1596 (24 196)

657 per 1835

0.92 (0.80to 1.07)

.29

Severe anemia

1530 (6057)

612 per 1616

1544 (6112)

581 per 1615

0.82 (0.60t0 1.12)

22

Rashes or lesions

3529 per 1854

1596 (24 196)

3446 per 1835

1.00 (0.91 to 1.10)

.98

Neuropathy

1255 (19129)

1365 per 1450

1310(19802)

1213 per 1503

0.81 (0.70 to 0.94)

Genital discharge or sores

1581 (24 392)

305 per 1854

1596 (24 196)

293 per 1835

0.92 (0.7510 1.13)

44

ALT >40 UL

(
(
(
1581 (24 392)
(
(
(

1468 (5383)

879 per 1236

1453 (5387)

1239 per 1215

1.44 (1.11 to 1.87)

.006

ALT >200 IU/L

1468 (5383)

25 per 1236

1453 (5387)

41 per 1215

1.12 (0.50 to 2.50)

.79

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).

2\/enous blood samples were collected for determination of CD4 count and complete blood cell count every 4 months. Anthropometry and the incidence of clinical complications were
assessed on a monthly basis. Viral load was to be assessed at enroliment and every 4 months thereafter, subject to the availability of reagents. The number of patients and available
measurements contributing to generalized estimating equation (GEE) analysis in parentheses are shown. Data are the means (SDs) of measurements during follow-up. Severe anemia
is defined as hemoglobin level of less than 8.5 g/dL.

b Data are the mean difference between the high-dose group and the standard-dose group. The mean differences (35% Cls) are from GEEs using the identity link and Gaussian vaniance
function with the difference between baseline and postrandomization measures as the outcome and study regimen as the exposure.

€From a GEE for parallel-group designs.®

dNumber of events is based on the occurrence of clinical and laboratory compiications reported during the month before each study visit or diagnosed at the study visit over follow-up
time. Person-years is based on the follow-up time contributed by each patient from enroliment unti the last study visit.

©The incidence rate ratios, 95% Cls, and comesponding P values are from GEEs using the log link and Poisson variance function.

Isanaka et al. JAMA 2012
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Vitamin D levels at baseline

Mehta et al. 2010
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_— Deficient <20 ngiml
= |nsufficient 20—30 ngiml
Sufficient >30 ng/iml

0 3 6 9 12 15 18 21 24
Months Post ART Initiation
Number at Risk
Deficient <20 ng/ml 521 463 433 370 299
Insufficient 20—-30 n 481 425 383 323 265

Sudfeld et al. 2012
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TABLE 7
Energy cost of lactation

Stage Breast-milk Energy content Energy cost
postpartum production of milk®* of lactationt

mo g/d kcalld

2(n=40) 745
1 (n=16) 692
2(n=16) 718
3(n=16) 746
6 (n = 16) 573

* Take as 0.70 kcal/g (1).
t Assumed efficiency of conversion 80% (1).

van Raaij JM et al. Am J Clin Nutr. Mar 1991;53(3):612-619.




Figure 2. Maternal MUAC and risk of maternal mortality among HIV-infected pregnant women
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[ABLE 3
fother-to-child transmission of HIV' by maternal BMI and hemoglobin at enrollment and weight change during pregnancy’

BMI at enrollment (kg/m’) Hemoglobin at enrollment (g/dL) Weight change during pregnancy (kg)

Low weight ~ Normal High
QI8 U829 240 <85 §.5-11 2 Weightloss ~ gain~ weight gain  weight gain
(n=64) (n=652) (n=671) (n=230) (n=1191) (n=310)  (n=43)  (n=806)  (n=367)

Probability of . {08 06 K 08 0.05 I : 0.07 0.11
HIV+
95% CI (0.06,0.10)  (0.08,0.11)  (0.04,0.08)  (0.09, 0.17) (0.03,0.07) (0.05,0.10)  (0.05,0.09) (0.08,0.15)
-6 wk (among those
negative at birth)
Probability of . : 0.06 0.17 . 0.4 0.10 06 0.08 0.08
HIV+
(007,0.12)  (0.07,0.10)  (0.04,0.08)  (0.12,0.23) (0.02,006)  (0.06,0.14) (0.06,0.10)  (0.05,0.11)

Probability of : . 0.12 0.28 16 0.09 . . 0.15 0.18
HIV+
95% Cl (0.14,020)  (0.15,0.19) (0.09,0.14) (022,034) (0.14,0.18)  (0.07,0.12) (0.14,022)  (0.10,0.17) (0.12,0.17) (0.14,0.22)

"Estimates obtained from univariate censored multinomial models for HIV infection.

Mehta S et al. Am J Clin Nutr. Jun 2008;87(6):1639-1649.




Vertical transmission of HIV-1 %

< Q.70

070 =105 1.05-140 =1 40
Serum Vitamin A (pmol/L)

Semba Lancet 1994



Fetal Death

Low Birthweight (<25009)

Preterm Birth (<37 weeks)

Severe Preterm Birth (<34 weeks)

Small for Gestational Age

Fawzi et al., Lancet 1998.
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Fetal Death

Low Birthweight (<25009)

Preterm Birth (<37 weeks)

Severe Preterm Birth (<34 weeks)

Small for Gestational Age

Fawzi et al., Lancet 1998.
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« Examined efficacy of a single large dose of vitamin A given to
women in the early postpartum period (400,000 IU) and/or to
neonates (50,000 IU)

» 2 by 2 factorial design
— Aa (maternal and infant vitamin A supplementation)
- Ap (maternal vitamin A and infant placebo)
Pa (maternal placebo and infant vitamin A)
— Pp (maternal and infant placebo)

Humphrey et al. JID 2006



Table 8. Adjusted child mortality risk, by vitamin A treatment group and infant HIV infection group.

Vitamin A treatment group

Aa vs. Pp
Ap vs. Pp
Pa vs. Pp
Maternal vitamin A (Aa + Ap)
vs. maternal placebo (Pa + Pp)
Infant vitamin A (Aa + Pa)
vs. infant placebo (Ap + Pp)

PCR po%ﬂwe at baseline

HR (95% CI)
1.04 (0.69-1.56)
0.89 (0.60-1.31)
0.88 (0.58-1.3:
1.06 (0.81-1.4

1.00 (0.76-1.3:

PCR negative at baseline
and PCR positive
at 6 weeks
(n = 504; 285 deaths)

PCR negative at baseline
and at 6 '.vee'ks
(n = 2876; 115 deaths)

HR (95% CI)

2.05 (1.14-3.67)
1.82 (0.99-3.31)
1.89 (1.05-3.40)
1.33 (0.92-1.92)

1.41 (0.97-2.05)

Humphery et al . JID 2006
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Risk of PNT is cumulative and relatively constant over time

20

15

% 10 7

Age (months)
BHITS JID 2004)
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Cumulative HIV transmission Durban, SA

24

16
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19 0 EBF to 3 mo

O Partial BF

Birth

3 mo

6 mo 15 mo

Coutsoudis et al. 1999; 2001



Table 6 Effect of maternal supplementation on growth of the breastfed infant

Growth and development Breastfeeding Breastfeeding p value for the difference *Adjusted p value for the difference
parameters control supplemented between the groups (95% Cl of  between the groups (95% Cl of the
(n=63) (n = 66) the difference) difference)

Weight/age z 14 044 (1.03) 0.06 (1.09) 0.058 (001, 0.77) 0455 (-1.52, 068)
scores Mean (SD) weeks

6 061(1.17) 0.15 (1.13) 0.035 (003, 0.88)

months

9 0.65 (1.16) 0.28 (1.15) 0.098 (007, 0.82)

months

Length/age z score 14 -059 (108) -048 (1.12) 0613 (051, 03) 0.891 (-1.29. 1.12)
Mean (SD) weeks

6 -035(1.03) -047 (1.24) 0574 (03, 0.54)

months

9 0.39 (1.14) 041 (1.17) 0.899 (042, 047)

months
Head 14 0.50 (1.07) 073 (1.1) 0.249 (063, 0.17) 0.247 (-145, 037)
circumference/age z weeks
score Mean (SD)

042 (1.19) 0.66 (1.03) 0.267 (064, 0.18)

0.51 (1.02) 0.68 (1.01) 0.368 (057, 0.21)

Kindra G, Coutsoudis A, Esposito F. Effect of nutritional supplementation of breastfeeding
HIV positive mothers on maternal and child health: findings from a randomized controlled
clinical trial. BMC Public Health. 2011;11:946.




Weight Loss (kg)

Weeks

FIGURE 2. Mean (+SE) cumulative maternal weight loss by random assignment to the LNS and weeks since delivery among BAN Study participants.
The mean (£SE) weight loss was calculated from delivery cumulatively at each visit and includes data for all women with at least one weight measurement
(n= 1182 in the LNS intervention arm, n = [ 181 in the control arm). BAN, Breastfeeding, Antiretroviral, and Nutrition; LNS, lipid-based nutrient supplement.

Kayira D, Bentley ME, Wiener J, et al. A lipid-based nutrient supplement mitigates weight
loss among HIV-infected women in a factorial randomized trial to prevent mother-to-child
transmission during exclusive breastfeeding. Am J Clin Nutr. Mar 2012;95(3):759-765




An Integrated Approach



Integrated maternal, newborn, and child health packages

REPRODUCTIVE | CHILDBIRTH CARE EMERGENCY NEWBORN AND CHILD CARE

- Hospital care of newborn and childhood iliness

- Post-abortion care, § _
TOP where legal Emergency obstetric care including HIV care

~ Skilled obstetric care and immediate newborn
- STl case - Extra care of preterm babies including kangaroo
management care ,(:ygbn:. warmth, breastfeeding) and mother care

- Emergency care of sick newborns
-~ PMTCT E

REPRODUCTIVE ANTENATAL CARE POSTNATAL CARE CHILD HEALTH CARE

HEALTH CARE - Promotion of healthy  : !mmunizations, nutrition, e.g.
N Aiak Torsad behaviours Vitamin A and growth monitoring

- Family planni
amily planning package - Early detection of - IPTi and bednets for malaria

- Prevention and i
management of STis | - IPTp and bednets and referral for iliness Care of children with HIV
and HIV for malaria - Extra care of LBW including cotrimoxazole

-PMTCT babies « First level assessment and care

- Peri-conceptual
folic acid Y -PMTCT for HIV of childhood iliness (IMCI)
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FAMILY AND COMMUNITY Healthy home care including:

~Adolescent and -Counseling and | - Where skilled care is not |- Newborn care (hygiene, warmth) _
pre-pregnancy preparation for avallable, consider clean - Numtuc_m including exclusive brgastlecdmg and
nutrition newborn care, delivery and immediate appropriate complementary feeding
breastfeeding, birth | newborn care including - Seeking appropriate preventive care
- Education and emergency hygiene, warmth and early |~ Danger sign recognition and careseeking for iliness
preparedness initiation of breastfeeding | = Oral rehydration salts for prevention of diarrhoea
~Prevention of STis - Where referral is not available, consider case
and HIV management for pneumonia, malaria, neonatal sepsis

Family/community

Intersectoral Improved living and working conditions - Housing, water and sanitation, and nutrition
Education and empowerment
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