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Background. Intestinal fatty acid binding protein (I-FABP) has been shown to be a marker of intestinal damage among people 
living with HIV. We hypothesized that I-FABP would be increased in chronically HIV-infected patents more than elite controllers 
and would relate to specific nutrient intake and body composition.

Methods. In an observational study, serum I-FABP was measured by enzyme-linked immunosorbent assay. Anthropometric 
measurements, dual-energy x-ray absorptiometry, and single-slice abdominal computed tomography were obtained to assess body 
composition, as well as visceral and subcutaneous adipose tissue areas (VAT and SAT). Dietary intake was assessed using 4-day food 
records.

Results. One hundred forty-nine people with chronic HIV (65% male, 47 ± 7 years of age, 54.7% white, and 14 ± 6 years of 
known HIV), 10 elite controllers (60% male, 53 ± 8 years, 60% white, and 20 ± 7 years of known HIV), and 69 HIV-negative controls 
(59.4% male, 46 ± 7 years, and 52.2% white) were included in the analysis. I-FABP was significantly higher in HIV progressors rel-
ative to HIV-negative controls and elite controllers. In the chronic HIV group, I-FABP was positively associated with dietary intake 
of added sugar and with saturated fatty acids. I-FABP was inversely associated with body mass index, VAT, and SAT. I-FABP also 
correlated with MCP-1, CXCL10, sCD163, and lipopolysaccharide (LPS) among all participants.

Conclusions. I-FABP was increased among chronically HIV-infected patients to a greater degree than in elite controllers and 
was related to nutrient intake and body composition in HIV progressors. Future studies to investigate the role of intestinal damage 
on nutrient absorption are needed to elucidate the mechanisms of these relationships.
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The gastrointestinal mucosa in people living with HIV (PLWH) 
is abnormal, in part due to loss of mucosal Th17 cells and weak-
ened epithelial integrity, which contribute to increased micro-
bial translocation [1, 2]. Intestinal fatty acid binding protein 
(I-FABP) has been shown to be a marker of intestinal damage 
among PLWH [3–6], and higher circulating I-FABP is asso-
ciated with increased mortality and lower CD4+ T-cell count 
[7–10]. I-FABP is a cytosolic protein found in enterocytes of 
the gastrointestinal tract, most prominently in the jejunum. 

In healthy individuals, it is primarily involved in the translo-
cation of fatty acids from the apical membrane of enterocytes 
to the endoplasmic reticulum, where fatty acids are converted 
into triglycerides [11]. Higher levels of circulating I-FABP have 
been reported in disease conditions where the intestinal wall is 
injured or compromised, such as sepsis, colitis, obesity, heart 
failure, and HIV [7, 12–16].

Serum I-FABP has been associated with activation of the 
innate immune system and contributes to chronic immune 
activation and systemic inflammation in the HIV population 
[5, 17, 18]. These alterations in the gastrointestinal tract may 
play a role in metabolic dysregulation. In this study, for the 
first time, we compared I-FABP concentrations in chronically 
infected patients, elite controllers, and non-HIV controls. We 
also assessed the relationship between serum I-FABP and sugar 
intake, which is known to affect gut barrier function, as well 
as other detailed measures of nutrient intake and body com-
position indices. We hypothesized that serum I-FABP would be 
increased in chronically HIV-infected patients more than elite 
controllers and would relate to indices of nutrient intake.
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METHODS

Study Design

We assessed I-FABP in 150 individuals with chronic HIV and 
69 HIV-negative controls who participated in an observational 
study at Massachusetts General Hospital. Participants with 
chronic HIV and HIV-negative controls were recruited from 
communities in the Boston area. Efforts were made to recruit 
participants with HIV and HIV-negative controls from similar 
communities. Many of the HIV-negative controls were friends, 
partners, or family members of the chronic HIV individuals. 
HIV-negative controls were confirmed to be HIV-negative by 
chemiluminometric immunoassay and confirmed by Western 
blot if positive. Controls of similar age, gender, and body mass 
index (BMI) were prospectively enrolled in the study at the same 
time as the HIV participants. The elite controllers were recruited 
from the Ragon Institute International HIV Controllers Study 
[19, 20] and underwent the same study procedures. Elite con-
trollers were defined as persons who are antiretroviral therapy 
(ART)–naïve with undetectable viral load and without “viral 
blips.” They were included for comparison of I-FABP levels 
between groups. However, as elite controllers differ immunolog-
ically from chronic HIV, further analyses of relationships with 
I-FABP were undertaken without including the elite controllers. 
Exclusion criteria included known cardiac disease or symptoms 
consistent with angina. Participants with contraindication to 
beta blockers and nitroglycerin were also excluded. Details of the 
cohort have previously been published [21, 22]. All participants 
provided informed consent before enrollment. This study was 
approved by the institutional review boards of Massachusetts 
General Hospital and Massachusetts Institute of Technology.

Body Composition and Dietary Assessment

Height (cm) was measured (without shoes) in triplicate using a 
wall-mounted stadiometer (Holtain, Ltd.), and weight (kg) was 
measured (in hospital gown, without shoes) using a calibrated digi-
tal scale (Tanita Corporation of America Inc.) using standardized 
techniques in the fasting state. To assess visceral and subcutaneous 
adipose tissue areas (VAT and SAT, respectively), a cross-sectional 
abdominal computed tomography scan at the level of the L4 pedi-
cle was performed [23]. Dual-energy x-ray absorptiometry (DXA, 
Hologic Horizon A, APEX software, version 5.6.0.5; Hologic Inc., 
Waltham, MA) was used to determine total body fat mass, total 
lean mass, and total body mass. Four-day food records (3 week-
days and 1 weekend day) were completed by the participants and 
reviewed for completeness by research dietitians. Food record data 
were analyzed using Nutrition Data System for Research (NDSR) 
software, version 2014, developed by the Nutrition Coordinating 
Center (NCC), University of Minnesota, Minneapolis, Minnesota.

Inflammatory and HIV-Related Parameters

All participants were asked to fast overnight for 12 hours before 
the blood draw. Serum was obtained from fresh blood in real 
time, then aliquoted and stored in –80ºF freezers. Using these 

frozen sera, I-FABP was measured in duplicate using enzyme-
linked immunosorbent assay (ELISA; R and D) in the laboratory 
of Dr. Tricia Burdo at Temple University. All measurements were 
performed in duplicate, with variation between duplicates <10%, 
positive controls, and standard curve. MCP-1, CXCL10, IL-6, 
and sCD14 were measured by ELISA (R and D), and sCD163 
was also measured by ELISA (Trillium) under the same fast-
ing conditions as I-FABP. In participants who were acutely ill, 
blood draw was delayed until they had fully recovered. CD4+ 
T-cell counts were assessed by flow cytometry. HIV viral load 
was determined by ultrasensitive real-time polymerase chain 
reaction. The limit of detection for our assay changed during the 
study from 50 to 48 copies/mL. Thus, those with an undetecta-
ble viral load were inputted as having either 49 or 47 copies/mL. 
HIV testing was performed in HIV-negative controls by chemi-
luminometric immunoassay and confirmed by Western blot.

Statistical Analysis

Comparisons between chronic HIV, elite controllers, and HIV-
negative control groups were performed using analysis of vari-
ance or the Kruskal-Wallis test depending on the normality of 
distribution. For 2 group comparisons, the Student t test was per-
formed for normally distributed continuous variables, and results 
were reported as mean ± standard deviation. The Wilcoxon rank-
sum test was performed if the distribution was non-normal, 
and results were reported as median (interquartile range). The 
Spearman correlation coefficient was used to assess correlations 
with I-FABP, as I-FABP had a non-normal distribution. Linear 
regression analysis was used for adjusted analyses for continuous 
outcome variables. One outlier in the chronic HIV group with 
an extremely high I-FABP level (32 times the standard deviation) 
was excluded. Additional sensitivity analyses including the out-
lier showed that our primary results remained unchanged. A sen-
sitivity analysis was also performed among participants with 
chronic HIV and suppressed HIV RNA, and the primary results 
remained unchanged. P < .05 was considered statistically signifi-
cant. All statistical analyses were performed using SAS JMP.

RESULTS

Characteristics of the Participants

Baseline characteristics including age, gender, BMI, diabetes, 
tobacco use, low-density lipoprotein, and total cholesterol were 
similar between the chronic HIV group and the non-HIV con-
trol group (Table 1). Ten HIV elite controllers (who were not on 
ART and who had undetectable HIV RNA) were included for 
comparison of serum I-FABP to chronic HIV and HIV-negative 
controls. Elite controllers (53 ± 8 years) were slightly older than 
the chronic HIV participants (47 ± 7 years). Elite controllers also 
had a longer duration of known HIV diagnosis compared with 
chronic HIV participants (20 ± 7 years vs 14 ± 6 years, respec-
tively; P = .03). Fifty percent of chronic HIV participants were 
on protease inhibitors, 35.4% were on non-nucleoside reverse 
transcriptase inhibitors, and only 12.4% were taking integrase 
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inhibitors. Total duration of ART use was 7  ±  5  years. In the 
chronic HIV group, 99% of participants were on ART. The aver-
age CD4 counts in the chronic HIV group and the elite controllers 
were 552.8 ± 290 and 1010 ± 469 cells, respectively. Eighty-four 
percent of chronic HIV participants had an undetectable HIV 
RNA; therefore, an additional sensitivity analysis was carried out 
among only chronic HIV progressors with undetectable HIV 
RNA in the comparison of I-FABP between groups.

I-FABP Among the Participants

Serum I-FABP was significantly higher in participants with 
chronic HIV (3458 [2023–4686] pg/mL) compared with 

HIV-negative controls (1633 [1149–2127] pg/mL; P  <  .0001) 
and elite controllers (1947 [1612–2650] pg/mL; P  =  .03) 
(Figure  1). In a sensitivity analysis, serum I-FABP remained 
significantly elevated in participants with chronic HIV with 
undetectable HIV RNA (3506 [2114–4940] pg/mL) when com-
pared with HIV-negative controls (P < .0001) and elite control-
lers (P = .03). Although there were small differences in age and 
duration of known HIV infection between the chronic HIV and 
elite controllers in our cohort, I-FABP did not correlate with 
age (ρ = .05, P = .42) or with duration of known HIV diagnosis 
(ρ = –.03, P = .66). Age and duration of known HIV infection 
are thus less likely to be confounders. Stratifying by gender, 

Table 1. Baseline Characteristics of Individuals With Chronic HIV, Elite Controllers, and HIV-Negative Controls

Chronic HIV 
(n = 149)

Elite Controllers 
(n = 10)

HIV-Negative 
(n = 69)

P Value 
HIV vs Elite 
Controllers

P Value 
HIV vs 

HIV-Negative
ANOVA/Kruskal-Wallis  

P Value Among 3 Groups

Demographics

 Age, y 47 ± 7 53.4 ± 8 46 ± 7 .03 .21 .03

 Male gender 97 (65.1) 6 (60) 41 (59.4) .74 .42 .71

 Race .40 .43 .27

 Asian 1 (0.7) 0 3 (4.4)

 White 81 (54.7) 6 (60.0) 36 (52.2)

 Black/African American 56 (37.8) 2 (20.0) 25 (36.2)

 American Indian 1 (0.7) 0 1 (1.5)

 More than 1 race 7 (4.7) 1 (10) 4 (5.8)

 Hispanic 14 (9.4) 1 (10) 4 (5.9) .95 .38 .67

 Active smoker, % 42.0 40.0 37.7 .91 .56 .84

 Systolic BP, mmHg 119 ± 14 120 ± 13 117 ± 14 .74 .36 .57

 Diastolic BP, mmHg 76 ± 9 76 ± 10 76 ± 9 .99 .97 .99

HIV-related parameters

 Duration of known HIV, y 14 ± 6 20 ± 7 .03

 CD4+ cells, cells/m3 548 ± 289 1010 ± 469 .01

 Viral load, copies/mLa 49 [47–49] Below detection limit 
by definition

 Suppressed viral load, % 84 100 .18

 Currently on ART, % 99.3 0 <.0001

 Duration of ART, y 7 ± 5

 NNRTI, % 35.4

 Protease inhibitor, % 50.0

 Integrase inhibitor, % 12.4

Metabolic parameters

 BMI, kg/m2 26.8 ± 5.1 28.3 ± 5.3 27.7 ± 4.8 .38 .20 .33

 VAT, cm2 140 ± 107 124 ± 96 127 ± 100 .62 .40 .66

 SAT, cm2 218 ± 135 278 ± 163 269 ± 154 .29 .02 .03

 Hemoglobin A1c, % 5.5 ± 0.8 6.0 ± 0.8 5.6 ± 0.5 .11 .11 .07

 Total cholesterol, mg/dL 182 ± 40 184 ± 53 181 ± 35 .89 .81 .95

 LDL, mg/dL 103 ± 33 107 ± 47 107 ± 31 .76 .32 .62

 HDL, mg/dL 52 ± 18 56 ± 18 53 ± 15 .60 .90 .86

 Triglycerides, mg/dL 134 ± 93 107 ± 68 103 ± 62 .26 .004 .03

 Statin use, % 13 10 4.5 .78 .06 .20

Marker of intestinal mucosal damage

 I-FABP, pg/mL 3458 [2023–4686]  1947 [1612–2650] 1633 [1149–2127] .03 <.0001 <.0001

Data are reported as mean ± standard deviation, median [interquartile range], No. (%), or percentage.

Abbreviations: ANOVA, analysis of variance; ART, antiretroviral therapy; BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; I-FABP, intestinal fatty acid protein; LDL, 
low-density lipoprotein; NNRTI, non-nucleoside reverse transcriptase inhibitor; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; Y, years. 
aThe limit of detection for our assay changed during the study from 50 to 48 copies/mL. Thus, those with undetectable viral load were inputted as having either 49 or 47 copies/mL.
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I-FABP was significantly higher in women with chronic HIV 
compared with HIV-negative women (3460 [2040–5015] pg/
mL vs 1576 [1125–2254] pg/mL, respectively; P < .0001). Men 
with chronic HIV had significantly elevated I-FABP compared 
with HIV-negative men (3118 [1887–4527] pg/mL vs 1633 
[1187–1975] pg/mL, respectively; P < .0001).

Association of Serum I-FABP and Dietary Intake

There was no difference in total caloric, fat, carbohydrate, pro-
tein, total saturated fatty acid (SFA), total monounsaturated 
fatty acid (MUFA), and total polyunsaturated fatty acid (PUFA) 
intake between HIV-negative controls and HIV-infected par-
ticipants. Of note, serum I-FABP significantly correlated with 
intake of SFA 4:0 (ρ = .21, P = .02), SFA 6:0 (ρ = .21, P = .02), 
SFA 8:0 (ρ = .24, P = .008), SFA 10:0 (ρ = .19, P = .03), SFA 12:0 
(ρ = .20, P = .03), SFA 17:0 (ρ = .19, P = .04), SFA 20:0 (ρ = .21, 
P =  .02), and SFA 22:0 (ρ =  .20, P =  .02) in the chronic HIV 
group. There was no correlation between serum I-FABP and 
SFA intake among HIV-negative controls (Table 2B).

Total sugar intake was significantly higher in the HIV-
infected group than in the HIV control group (104 [73–156] 
g vs 77 [46–112] g, respectively; P  =  .007). The HIV-infected 
group also had higher intake of added sugar (63 [38–107] g vs 
45 [30–70] g, respectively; P =  .008) and sucrose (38 [26–66] 
g vs 31 [18–41] g, respectively; P = .006) compared with HIV-
negative controlsB (Table  2A). Interestingly, I-FABP directly 
correlated with intake of added sugar (ρ  =  .22, P  =  .03) and 
sucrose (ρ = .27, P = .003) in the HIV-infected group (Table 2B). 
However, this was not observed in HIV-negative controls.

Association of I-FABP Level With Body Composition, BMI, VAT, and SAT

Higher levels of serum I-FABP were inversely associated with 
weight (ρ = –.33, P ≤  .0001), BMI (ρ = –.36, P ≤  .0001), SAT 
(ρ  =  –.24, P  =  .003), and VAT (ρ  =  –.28, P  =  .0005) in the 

HIV-infected group (Figure 2). Serum I-FABP also correlated 
negatively with waist circumference (ρ = –.35, P <  .0001) and 
hip circumference (ρ  =  –.30, P  =  .0003) in the HIV-infected 
group (Table 3). These relationships were not observed in the 
HIV-negative control group. We analyzed LPS to further assess 
the inverse relationship observed between gut damage and 
body composition. Lipopolysaccharide  (LPS) was inversely 
and significantly associated with lower total body fat (ρ = –.21, 
P = .02), percent body fat (ρ = –.30, P = .001), total lean body 
mass (ρ = –.30, P = .001), and SAT (ρ = –.23, P = .01). There 
was an inverse trend between LPS and BMI (ρ = –.14, P = .11).

Relationship of Serum I-FABP With Inflammatory Markers

Serum I-FABP was positively related to MCP-1 (ρ  =  .20, 
P  =  .005), CXCL10 (ρ  =  .30, P  =  .008), sCD163 (ρ  =  .26, 
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Figure 1. Blue circles denote HIV-negative controls, purple squares denote elite controllers, and red triangles are chronic HIV. Abbreviation: I-FABP, intestinal fatty acid protein.

Table  2A. Comparison of Nutritional Intake Between HIV-Negative 
Controls and Individuals With HIV

Nutritional Intake

Chronic HIV  
Patients, 

 Median [IQR]

HIV-Negative 
Controls, Median 

[IQR]
P 

Value

Total energy, kcal 2077 [1576–2793] 1946 [1334–2570] .28

Total fat, g 81 [60–109] 78 [47–111] .39

Total carbohydrate, g 247 [181–340] 219 [165–296] .05

Total protein, g 86 [66–114] 89 [62–118] .90

Total cholesterol, mg 288 [192–400] 280 [188–384] .48

Total SFA, g 28 [20–36] 26 [16–35] .19

Total MUFA, g 31 [22–40] 29 [19–42] .60

Total PUFA, g 16 [10–22] 15 [10–21] .70

Total sugar, g 104 [73–156] 77 [46–112] .007

Added sugar, g 63 [38–107] 45 [30–69] .008

Sucrose, g 38 [26–66] 31 [18–41] .006

Fructose, g 22 [12–33] 15 [8–28] .03

Abbreviations: MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; SFA, 
saturated fatty acid.
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P ≤  .0001), and LPS (ρ = .16, P =  .03) among all participants. 
There was a trend toward significance in the relationship 
between I-FABP and sCD14 (ρ = .12, P = .07). I-FABP did not 
correlate with IL-6 (ρ = –.07, P = .37).

Multivariate Analyses

In a multivariate model adjusting for markers of inflammation 
significantly associated with I-FABP (MCP-1, CXCL10, and 
sCD163), CD4+ cell count, and HIV viral load, the relationship 
between I-FABP and BMI (β = –.0008, P = .02), VAT (β = –.01, 
P = .01), and SAT (β = –.03, P = .001) remained significant. In 
contrast, the relationship between I-FABP and lean body mass 
was no longer significant after adjusting for these inflammatory 
and HIV-related parameters (β  =  –.0003, P  =  .43). In further 
analysis adjusting for age, race, sex, duration of known HIV, 
duration of ART use, and viral load, the relationship between 
I-FABP and BMI (β = –.001, P = .01), VAT (β = –.011, P = .007), 
and SAT (β = –.017, P = .02) remained significant.

DISCUSSION

In this study, for the first time, we report higher serum I-FABP in 
people with chronic HIV relative to elite controllers. Elite con-
trollers also tended to have higher I-FABP than HIV-negative 
controls. To our knowledge, this is the first published report of 
serum I-FABP level in elite controllers. We also demonstrated 
that dietary intake of saturated fatty acids and added sugar 
positively correlate with higher serum I-FABP in people with 
chronic HIV. Additionally, we observed an inverse relationship 
between serum I-FABP and BMI, VAT, and SAT (and other 

measures of adiposity) in people with chronic HIV that has not 
been previously described. We also observed a positive relation-
ship between serum I-FABP and markers of monocyte activa-
tion (sCD163, MCP-1, CXCL10) and LPS, consistent with prior 
studies in PLWH [11, 16, 17].

Prior studies have carefully characterized intestinal damage 
in HIV and established elevated levels of circulating I-FABP as 
a marker of intestinal damage in PLWH [5, 7, 24, 25]. Chronic 
intestinal inflammation and mucosal damage can have detri-
mental health consequences in PLWH [7]. Hunt et  al. meas-
ured I-FABP in the SCOPE and LSOCA cohorts and found that 
I-FABP predicted mortality in people with ART-suppressed 
HIV infection with a history of AIDS. HIV-infected participants 
from the LSOCA cohort and our chronic HIV participants had 
comparable I-FABP levels. However, the SCOPE cohort, which 
had less advanced immunodeficiency than the LSOCA cohort, 
had lower I-FABP compared with our chronic HIV group [7]. 
There are differences in selection criteria in each cohort, making 
direct comparisons difficult. Our study included more women 
than the cohorts in Hunt et al. and included a focus on I-FABP’s 
relationship with body composition and dietary data that was 
not previously assessed in other studies in HIV. Additionally, 
our cohort included well-matched HIV-negative controls and 
is the first to describe I-FABP in elite controllers in comparison 
with chronic HIV patients and HIV-negative controls.

Our finding of lower circulating I-FABP among elite con-
trollers compared with progressors suggests that there is less 
intestinal mucosal damage in elite controllers. These findings 
complement prior studies that have shown that elite controllers 
have preserved mucosal CD4+ T cells in the intestinal mucosa 
and a more robust immune response in intestinal mucosa [26, 
27]. Thus, relative preservation of mucosal barrier function may 
be an important characteristic of HIV elite controllers that helps 
to prevent disease progression. However, a trend was observed 
for higher I-FABP in the elite controllers compared with HIV-
negative controls, suggesting that there may still be some mild 
degree of intestinal damage in elite controllers.

I-FABP is a cytosolic protein expressed specifically in the 
mature enterocytes of the small intestine [28, 29]. Examining 
the biological function of I-FABP protein may offer additional 
insight into our findings. I-FABP has a high affinity for binding 
saturated and unsaturated long-chain fatty acids and has been 
presumed to play a role in lipid binding and trafficking within 
the enterocyte [11]. High-fat diets have been shown to increase 
I-FABP expression [30, 31]. These findings suggest a possi-
ble lipid-sensing role for I-FABP or a role of a high-fat diet in 
causing intestinal damage. In healthy individuals, basal I-FABP 
levels in plasma reflect normal enterocyte turnover, whereas 
higher levels may signal intestinal epithelial damage in certain 
disease conditions. The higher levels of I-FABP in people liv-
ing with chronic HIV are likely indicative of intestinal epithelial 
damage [7].

Table 2B. Relationships Between Serum I-FABP and Nutritional Factors 
Among Individuals With HIV

Spearman ρ P Value

Total energy, kcal .10 .26

Total fat, g .12 .17

Total carbohydrate, g .12 .18

Total protein, g –.06 .55

Total cholesterol, mg .005 .95

Total SFA, g .14 .13

 SFA 4:0 .21 .02

 SFA 6:0 .21 .02

 SFA 8:0 .24 .008

 SFA 10:0 .19 .03

 SFA 12:0 .20 .03

 SFA 14:0 .16 .09

 SFA 17:0 .19 .04

 SFA 20:0 .21 .02

 SFA 22:0 .20 .02

Total MUFA, g .10 .30

Total PUFA, g .20 .03

Total sugar, g .16 .07

Added sugar, g .22 .03

Sucrose, g .27 .003

Abbreviations: MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; SFA, 
saturated fatty acid.
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One of the pathologic alterations in PLWH is destruction of 
the normal intestinal function and structure, including blunt-
ing of intestinal microvilli. Thus, individuals may develop mal-
absorption of micronutrients. Our finding of lower BMI, VAT, 
and SAT (and lower total lean and fat mass) in individuals with 
higher-serum I-FABP may therefore relate to malabsorption 
from chronic intestinal damage. The ensuing chronic inflam-
mation related to chronic intestinal microbial translocation 
may also cause further loss of fat and muscle. Timmons et al. 
had previously reported an inverse correlation between sCD14, 
a marker of microbial translocation, and lean mass, trunk, and 
limb fat [32]. Our data further extend these findings by demon-
strating an inverse relationship of LPS and I-FABP with muscle 
and adipose tissue, implicating the disruption of the gastroin-
testinal (GI) tract mucosa as a potential cause of muscle and 
fat loss. Their data, when combined with ours, suggest that 
intestinal damage and microbial translocation in PLWH can 
potentially cause loss of lean mass and fat. Although we saw an 
inverse relationship between I-FABP and total body lean mass, 

this relationship was no longer significant after adjusting for 
inflammatory and HIV-related factors, suggesting that loss of 
muscle mass may be more likely due to chronic inflammation. 
In contrast, the relationship between I-FABP and adipose tis-
sue measures remained significant even after adjusting for 
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Figure 2. Blue circles denote body mass index, red circles denote visceral adipose tissue, and green circles denote subcutaneous adipose tissue. Abbreviations: BMI, body 
mass index; I-FABP, intestinal fatty acid binding protein; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.

Table  3. Relationships of Serum I-FABP With Measures of Body 
Composition in Individuals With Chronic HIV and HIV-Negative Controls

Chronic HIV,  
Spearman ρ P Value

HIV-Negative,  
Spearman ρ P Value

BMI –.36 <.0001 .11 .37

VAT –.28 .0005 –.07 .57

SAT –.24 .003 .12 .34

Total body fat –.26 .001 .08 .50

Total body fat –.15 .07 .11 .39

Total lean body mass –.21 .008 –.05 .70

Total mass –.33 <.0001 .06 .64

Abbreviations: BMI, body mass index; I-FABP, intestinal fatty acid binding protein; SAT, sub-
cutaneous adipose tissue; VAT, visceral adipose tissue.
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inflammatory and HIV-related parameters, indicating an inde-
pendent relationship between I-FABP and adiposity.

To rule out diet and caloric intake as potential contributors 
to differences observed in I-FABP levels between PLWH and 
HIV-negative controls, we reviewed nutritional intake assessed 
by 4-day food records. Total calories, total fat, total carbohy-
drate, total SFA, total MUFA, and total PUFA intake did not dif-
fer significantly between the HIV-negative controls and chronic 
HIV participants. PLWH had a diet consisting of higher total 
sugar and added sugar intake relative to HIV-negative individu-
als. Serum I-FABP positively correlated with added sugar intake 
and SFA intake in PLWH. The relationships between I-FABP 
and added sugar intake or with saturated fat have not been pre-
viously described in PLWH. We hypothesize that PLWH who 
consume excess sugar and/or a high-fat diet likely have more 
I-FABP released by enterocytes due to further diet-related intes-
tinal damage in the setting of an already compromised intesti-
nal epithelium. Indeed, recent key scientific studies have shown 
that local high-glucose concentrations can be a driver of intesti-
nal epithelial damage [33] and that saturated fat [34] can induce 
damage to the intestinal mucosa. In another model of abnor-
mal intestinal inflammation, Lee et al. previously demonstrated 
similar results in a mouse model of inflammatory bowel disease 
(IBD), in which IBD mice fed a high-fat diet developed changes 
in the gut microbiota, intestinal damage, and increased suscep-
tibility to colitis compared with IBD mice on a standard diet 
[35]. Another rodent study evaluating the effect of a diet high in 

SFA showed that rats who consumed a diet high in SFA failed to 
gain weight and developed lower jejunal and ileal surface area 
[36]. These animal studies may help to elucidate the impact of 
diet on intestinal damage in our HIV cohort.

Although the exact mechanism is unclear, our findings high-
light the important role of diet (and especially added sugar and 
saturated fatty acids) on intestinal function and body compos-
ition in PLWH. Taken together, these data suggest a potential 
schema, whereby excess sugar and SFA intake may contribute 
to further gut damage in people with HIV, leading to impaired 
absorption and lower BMI (Figure 3). Alternatively, in PLWH, 
low BMI may be associated with intestinal damage leading 
to compensatory increases in dietary sugar and fat intake. 
Although the directionality is unknown, these data are the first 
to suggest the need for specific dietary interventions to see if 
reducing sugar and saturated fat intake will ameliorate intesti-
nal mucosal damage in chronically HIV-infected patients and 
further elucidate the mechanisms of this relationship.

An alternative hypothesis for the observed relationship 
of I-FABP and adiposity in PLWH is the potential role of the 
gastrointestinal microbiome in mediating this relationship. 
Extreme states of weight such as malnutrition and obesity affect 
the intestinal microbiota, which in turn can affect gastrointes-
tinal permeability [37, 38]. Gastrointestinal microbiome altera-
tions in PLWH are similar to microbiome changes observed in 
malnutrition, which include an increase in Proteobacteria and a 
decrease in some beneficial species within the Bacteroidetes and 

I-FABP
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Nutrient
Malabsorption

Decreased BMIHIV
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Gut Lumen
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Figure 3. Proposed mechanisms of intestinal damage, intestinal fatty acid binding protein release, and effects on body composition. Abbreviations: BMI, body mass index; 
I-FABP, intestinal fatty acid binding protein.
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Firmicutes phyla [39, 40]. Bacteroides fragilis has been shown to 
have a protective effect on the intestinal barrier via expression 
of polysaccharide-A [41]. Conversely, Enterobacteriaceae of 
the Proteobacteria phylum is increased in PLWH and has been 
associated with immune activation and bacterial translocation 
[39, 42]. Of interest, Roseburia intestinalis of the Firmicutes phy-
lum (a beneficial species in healthy flora) has been shown to be 
reduced in PLWH and in malnutrition [40, 43]. The decreased 
abundance of Roseburia intestinalis is also related to markers of 
microbial translocation and immune activation [43]. Therefore, 
intestinal dysbiosis can be a contributor to intestinal mucosal 
damage and therefore a potential driver of the rise in I-FABP 
observed in PLWH.

Our study has limitations. The cross-sectional design does 
not allow us to determine causal relationships, and we did 
not assess GI epithelial damage directly via biopsy. However, 
serum I-FABP level has been previously established as a marker 
of intestinal enterocyte damage. Our novel findings require 
further research to understand the mechanisms behind the 
observed inverse relationship between I-FABP and reduced fat 
in all depots in PLWH.

In conclusion, I-FABP is higher in people with chronic HIV 
compared with elite controllers and non-HIV controls. Dietary 
intake of SFA and added sugar is associated with elevated serum 
I-FABP among people with chronic HIV. Our findings suggest 
that dietary modification to reduce saturated fat and added sugar 
intake may help reduce further intestinal damage in PLWH. In 
addition, I-FABP is inversely related to BMI, VAT, and SAT in 
chronic HIV. Further research is warranted to elucidate the mech-
anisms by which circulating levels of I-FABP/enterocyte dam-
age lead to alterations in BMI and body composition in PLWH. 
Additionally, it will be important to understand how nutritional 
factors such as saturated fatty acids and added sugar may affect 
intestinal health in PLWH. Future studies are needed in PLWH to 
identify treatment strategies to improve intestinal epithelial integ-
rity. In addition to strategies currently being tested, such as probi-
otics and prebiotics [44–47], or glucagon-like peptide-2 to restore 
the epithelial barrier function, dietary modification to reduce 
added sugar intake and saturated fatty acids may be a potential 
future strategy to help improve intestinal health and mucosal bar-
rier function in PLWH.
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