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Role of intestinal dysfunction
in the nutritional compromise seen
in human immunodeficiency
virus-infected adults in rural India
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Abstract
Human immunodeficiency virus (HIV) disease progression is often marked by significant weight loss with or without
chronic diarrhoea. We studied the extent of intestinal dysfunction using a D-xylose absorption test and association with
nutritional compromise as measured by body mass index (BMI) and serum antioxidants levels in HIV-infected individuals
through a cross-sectional survey of 45 ART naı̈ve, HIV-positive and 45, age–socioeconomic status matched negative
controls in a rural population in India. More than 40% of HIV-positive and HIV-negative participants had intestinal
dysfunction (42.2% vs. 44.4%). However an increasing gradient of low D-xylose absorption was noted with decreasing
CD4 counts (32%, 50% and 58.3% among those with >350, 200–350 and <200 cells/mm3, respectively). Multivariate
analysis revealed a significant association between intestinal dysfunction and low BMI (P ¼ 0.03) independent of HIV
infection and calorie intake per day (P ¼ 0.02). Weight loss in HIV-infected individuals should be investigated for intestinal
dysfunction especially in low resource settings.
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Introduction
In recent years human immunodeﬁciency virus (HIV)
infection has become a manageable, chronic disease.
Recent research on HIV has focused on co-morbidities
and other changes that may jeopardize the quality of
life of infected patients. It has been shown that HIV
infection alters the structure of the gastrointestinal tract
and, in particular, the function of the gut mucosa as a
protective barrier.1–3 HIV enteropathy denotes disruption of intestinal endothelial integrity in HIV-infected
individuals, pathologically characterised by inﬂammation in the epithelium and lamina propria of the intestine and villous atrophy; many factors, including both
host-related and environmental, can aggravate and lead
to its development. Previous studies, mostly done in
rich countries, have shown that HIV enteropathy,
though mechanisms leading to it are not well understood, contributes to malabsorption of macro- and
micro-nutrient deﬁciencies and to progressive weight
loss.4–8 Furthermore it is possible that altered intestinal
function may lead to poor absorption of antiretroviral

and anti-tuberculosis drugs, resulting in treatment
failure.9,10 Signiﬁcant advances have been made concerning intestinal pathology associated with HIV infection,11 but, to our knowledge, little is known about the
magnitude of intestinal dysfunction in the HIV-infected
population. The consequence of this and other contributing factors in resource-poor countries including
India have not been much described. This study was
undertaken to measure the association of intestinal dysfunction in HIV-infected individuals with nutritional
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status and low serum/plasma levels of antioxidant
micronutrients including retinol, b-carotenoids, vitamin
E and mineral zinc, comparing levels with healthy seronegative controls in a rural population in India.

Methods
Study setting
Our study was carried out in 2006 by the Rural Unit of
Health and Social Aﬀairs (RUHSA), an outreach community health centre of the Christian Medical College,
Vellore, Tamil Nadu, India. The target population is
mainly agrarian with many being subsistent farmers
and labourers. The scarcity of water and lack of
access to modern farming technology have made
many change their occupations and a signiﬁcant proportion of young men have migrated to neighbouring
towns and cities seeking jobs. Only approximately 60%
of men and 40% of women in the study population
were literate. The study was approved by the institutional review boards at the Christian Medical College,
India and at Tufts University School of Medicine,
Boston, USA.

Subjects
A cross-sectional survey was conducted among 45 consenting HIV-infected participants who attended the
RUHSA HIV clinic and 45 age and socioeconomic
status matched HIV-negative, neighbourhood, population controls. The eligibility criteria for the HIVpositive participants were: HIV infection conﬁrmed
by two National Aids Control Organisation (NACO)
recommended rapid tests; ART naı̈ve; and no history of
end-stage renal disease, chronic liver disease or severe
AIDS-related illness.

Variables
The HIV disease status was assessed by CD4 cell count
using ﬂow cytometry. BMI (kg/m2) was calculated from
weight and height measured on a single scale. The 5 g
oral D-xylose absorption urine test was used as a
marker of intestinal dysfunction. Subjects were
instructed to empty their bladder completely at 6 am
and then drink 5 g of D-xylose in water. They were
allowed to eat breakfast 30 min afterwards, and
instructed to drink a minimum of 1 L of water during
the next 4 h and to collect all their urine passed in a
graduated bottle for 5 h from the time of ingestion of
D-xylose. The total urine output was measured and an
aliquot of urine sample was examined to estimate
D-xylose levels. The test was considered unreliable if
the urine output over the ﬁrst 5 h was <500 mL.
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D-xylose absorption is considered normal when 20%
or more of the oral dose is excreted in 5 h in the
urine. High performance liquid chromatography
(HPLC) was used to measure serum levels of retinol,
b-carotenoids and vitamin E, and ﬂame atomic absorption spectroscopy was used to measure serum
zinc levels.
Dietary intake was assessed using 24 h recall and a
Food Frequency Questionnaire developed by the
National Institute of Nutrition (NIN), India. The
study nutritionist, with the help of standard food measures and food models, made an assessment of portion
sizes and dietary intake. This was analysed manually
using the caloric value and micronutrient content in
the raw ingredients of recipe based food items in
India, published by NIN.12 As the adequacy of intake
of micronutrients of interest in this study is dependent
on food diversity in the long-term dietary intake, we
calculated daily average intake of micronutrients from
the Food Frequency Questionnaire (a measure of longterm usual dietary intake) and 24 h recall (a feasible and
convenient measure).

Statistical analysis
Descriptive analysis of socio-demographic characteristics of the participants was done using frequencies,
marginal percentages, means, standard deviations,
medians and percentiles. BMI, dietary intake, serum
retinol, b-carotenoids, vitamin E and zinc levels,
D-Xylose urine levels in HIV-positive cases and
HIV-negative controls were compared using the 2 statistics for categorical variables, the t-test for normally
distributed continuous variables and the Mann–
Whitney U test for non-normally distributed continuous variables. The median (interquartile range) values
of dietary intake and micronutrient levels are reported
since the data were not normally distributed. Any association of abnormal D-Xylose absorption with sex,
BMI, serum micronutrients and CD4 levels was
checked using parametric and non-parametric tests.
Multivariate linear regression was performed using a
generalised linear model to estimate the association
between D-xylose absorption as an indicator of intestinal function and BMI, adjusting for average calorie
intake per day and HIV disease. The data were analysed using SPSS version 17 (Chicago, IL, USA).

Results
The study subjects consisted of 45 HIV-positive
patients and 45 matched HIV-negative neighbourhood
controls. The mean age of the participants was
30.2  8.3 years with 25% aged less than 25 years. Of
the HIV-infected participants, >50% (26 [57.8%])
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Table 1. Comparing BMI, dietary intake, serum retinol, b-carotenoids, vitamin E and zinc levels, low D-Xylose level in the urine in
HIV-positive cases and HIV-negative controls.
Variables
BMI, mean (SD)
Average dietary intake per day, median (25, 75 percentile)
Total calories
Retinol (mg/d)
Beta carotenoids (mg/d)
Vitamin E (mg/d)
Zinc (mg/d)
Serum micronutrient levels, median (25, 75 percentile)
Retinol (nmol/mL)
Beta carotenoids (mg/d)
Vitamin E (mg/L)
Zinc (mg/d)
D-Xylose in urine, <20% of ingested, n (%)

HIV-positive (n ¼ 45)

HIV-negative (n ¼ 45)

P value

22.02 (4.3)

0.04*

1499 (1197, 1937)
239.9 (165.4, 340.5)
411(323.4, 648.8)
4.2 (3.5, 5.9)
4.8 (3.5, 6.4)

1770 (1331, 2442)
231.1 (173.9, 343.2)
482.7(316.8, 651.9)
4.9 (3.5, 6.3)
5.83 (4.5, 9.1)

0.06
0.97
0.79
0.99
0.02*

0.255
0.694
4.18
108
19

0.316
0.809
4.14
117
20

0.27
0.09
0.23
0.02*
0.5

20.3 (3.3)

were women and approximately 50% were of low
socioeconomic strata as indicated by their poor
employment status, housing facility and educational
status.
The mean BMI of HIV-positive participants was
20.3  3.3 kg/m2 and that of HIV-negative participants
22.02 (4.3 kg/m2), a diﬀerence which was statistically
signiﬁcant (P ¼ 0.04) and the median CD4 cell count
of seropositive participants was 381. A total of 42.2%
of HIV-positive and 44.4% HIV-negative participants
had intestinal dysfunction as indicated by low D-xylose
absorption and this diﬀerence was not statistically signiﬁcant (Table 1).
The average daily intake of total calories was found
to be lower among HIV-positive participants (P ¼ 0.06).
The median daily dietary intake of retinol (RDA:
500 mg/day), vitamin E (RDA: 20 mg/day) and zinc
(RDA: 10 mg/day) were lower than the recommended
dietary allowance in both HIV-positive and HIV-negative participants, and the zinc intake was signiﬁcantly
lower in HIV-positive participants (P ¼ 0.02) Table 1).
The prevalence of D-xylose malabsorption was similar in both men and women (54.5% vs. 58.7%). Low
D-xylose absorption was signiﬁcantly associated with
BMI (P ¼ 0.03) (Table 2). The median serum levels of
retinol (<0.349 nmol/mL) and vitamin E (<5 mg/dL)
were low in both groups and b-carotenoids (>0.5
micromol/L) was adequate in both groups, there
being no statistically signiﬁcant diﬀerence. The
median serum Zinc levels was adequate in both
groups (>70 mg/dL), however the levels were signiﬁcantly lower in HIV infected participants (p ¼ 0.02).
The data did not show a statistically signiﬁcant association between low D-xylose absorption and low serum

(0.18, 0.41)
(0.44, 1.09)
(1.07, 5.96)
(89.5, 124.5)
(42.2)

(0.22, 0.44)
(0.57, 1.11)
(3.18, 5.7)
(100, 148.2)
(44.4)

levels of micronutrients. A signiﬁcant association however was found between CD4 count and low D-xylose
absorption (P ¼ 0.029), and D-xylose absorption was
found to be worse with decreasing CD4 count in
HIV-positive participants as follows: 32%, 50% and
58.3% among those with CD4 count of >350,
200–350 and <200 cells/mm2, respectively (Table 2).
The participants, both HIV-infected and not infected,
who showed low D-xylose absorption had, on average,
a BMI 1.886 lower compared to those with normal
absorption, adjusting for HIV disease status and average calorie intake per day. This association was statistically signiﬁcant (P < 0.02) (Table 3).

Discussion
A similar number of participants, whether HIV-positive
or negative, showed evidence of intestinal dysfunction.
This was, however, worse with advanced HIV disease
(deﬁned by decreasing CD4 count). This suggests an
underlying prevalence of enteropathy among the rural
population in India, and was ﬁrst recognised in the
1950s and 1960s with the advent of small bowel
biopsy, and the changes noted were traditionally
termed tropical enteropathy.13–15 Our study further
found that the average total calorie intake of HIV-positive participants was lower than HIV-negative comparisons although the measured diﬀerence only showed
near statistical signiﬁcance (P ¼ 0.06) (Table 1).
Prevalent co-existing tropical enteropathy, HIVinduced intestinal dysfunction, poor socioeconomic
status and poor access to good nutrition (as indicated
by less than adequate daily intake of calories) make the
HIV-positive population in India more vulnerable
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Table 2. Association of abnormal D-Xylose absorption with sex, BMI, serum micronutrients, CD4
(HIV-positive participants only) (n ¼ 90).
Variables
Sex
Male
Female
BMI
Serum retinol
Serum b carotenoids
Serum vitamin E
Serum zinc
CD4
CD4 categorised
<200 cells/mm3
200–350 cells/mm3
>350 cells/mm3

Low urine
D-xylose (<20%), n/Mean

%/SD

Normal urine
D-Xylose

%/SD

P value

20.0
19.0
20.07
0.31
0.79
4.60
111.95
282.0

54.5
58.7
0.55
0.03
0.08
0.55
4.9
43.0

24.0
27.0
21.9
0.32
0.87
4.40
114.58
451.0

45.5
41.3
0.6
0.02
0.06
0.28
4.29
56

0.8

7.0
4.0
8.0

58.3
50.0
32.0

5.0
4.0
17.0

41.7
50.0
68.0

Table 3. Multivariate analysis assessing the association between
low D-xylose absorption, calorie intake and HIV disease and BMI.
Predictor variables

B coefficient*

SE

P value

Intercept
D-Xylose absorption
Low
Normal
Average daily calorie intake
HIV-positive cases

21.964

1.509

0.000

1.886
–
0.000
1.760

0.818

0.024*

0.001
0.842

0.499
0.040*

*Linear regression coefficient measures the change in BMI (dependent
variable) per unit change in predictor variables.

0.03*
0.8
0.4
0.66
0.68
0.029*

Limitations of our study include the small sample size
and the use of D-xylose as a marker of intestinal function, as this may not be as good as, for example, 72 h
faecal fat and the lactuolose/mannitol intestinal permeability test. Nonetheless, our study had well-matched
controls and precisely measured dietary intake data
which have not been available in previous studies.
In summary our study revealed a disastrous association with poverty, poor dietary intake, increased intestinal malabsorption, low serum levels of antioxidants
and low BMI in the HIV-infected population in rural
India. This warrants immediate attention and appropriate management.
Acknowledgements

to nutritional compromise and rapid progression of disease. This may also be true in most low-income countries. Low to marginal serum/plasma levels of
antioxidant micronutrients are known to lead to rapid
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setting.16
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in HIV-positive participants although this clearly worsens as the disease progresses, which is no surprise.17,18
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