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Impact of HIV status on systemic inflammation during pregnancy
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Abstract

Objective: There are limited studies on the association of HIV infection with systemic
inflammation during pregnancy.

Design: A cohort study (N=220) of pregnant women with HIV (N=70) (all on antiretroviral
therapy) and without HIV (N=150) were enrolled from an antenatal clinic in Pune, India.

Methods: The following systemic inflammatory markers were measured in plasma samples
using immunoassays: soluble CD163 (sCD163), soluble CD14 (sCD14), intestinal fatty acid-
binding protein (I-FABP), C-reactive protein (CRP), alpha 1-acid glycoprotein (AGP),
interferon-f (IFN), interferon-y (IFNy), interleukin (IL)-1p, IL-6, IL-13, IL-17A and tumor
necrosis factor o (TNFa). Generalized estimating equation (GEE) and linear regression
models were used to assess the association of HIV status with each inflammatory marker
during pregnancy and by trimester, respectively.

Results: Pregnant women with HIV had higher levels of markers for gut barrier dysfunction
(I-FABP), monocyte activation (sCD14) and markers of systemic inflammation (IL-6 and
TNFa), but surprisingly lower levels of AGP, an acute phase protein, compared to pregnant
women without HIV, with some trimester-specific differences.

Conclusions: Our data show that women with HIV had higher levels of markers of gut
barrier dysfunction, monocyte activation and systemic inflammation. These markers, some of
which are associated with preterm birth, might help explain the increase in adverse birth
outcomes in women with HIV and could suggest targets for potential interventions.
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Introduction

Chronic immune activation plays a major role in HIV pathogenesis and adverse disease
outcomes. Studies in the pre-antiretroviral therapy (ART) era show that adults with HIV have
increased inflammation compared to adults without HIV This inflammatory profile in
individuals with HIV is characterized by increased levels of markers of systemic
inflammation, acute phase proteins and gut barrier dysfunction with microbial translocation,
along with monocyte and T cell activation [1,2,3,4,5]. Recent data show that ART does not
fully correct for this excess inflammation [4] and importantly, among adults with HIV, those
with the highest levels of these inflammatory markers are at increased risk of morbidity and
mortality [2,3,4].

While there are many studies that have examined the association of HIV infection with
inflammation in non-pregnant adults, there are limited studies of pregnant women with HIV.
Pregnancy is characterized by an immune profile that is distinct from non-pregnant women
[6]; furthermore, studies show that there are changes to immunity and the inflammatory
profile within pregnancy [7,8]. For example, the second trimester and early third trimester of
pregnancy is characterized by a state of immune suppression with increased production of
anti-inflammatory cytokines; in contrast, a pro-inflammatory cytokine milieu plays a major
role in the induction of labor [4]. Thus, in the context of HIV, it is important to understand
whether and how the inflammatory profile during pregnancy, and by trimester, might be
different by HIV status.

A small study conducted in Spain in 2015 compared circulating levels of four markers for
microbial translocation (lipopolysaccharide-binding protein (LBP) and EndoCAb), monocyte
activation (soluble CD14 (sCD14)) and systemic inflammation (Interleukin (IL)-6) in
pregnant women with and without HIV [9]. They found that women with HIV had higher
levels of sCD14 and LBP in the first and third trimester of pregnancy. In studies conducted in
the United States and Botswana, inflammatory markers C-reactive protein (CRP), IL-6 and
D-dimer decreased from late pregnancy to postpartum [10,11]. Whether and how other
immune markers related to gut barrier integrity, acute phase proteins, T-helper cytokines and
additional markers of monocyte activation and systemic inflammation are different by HIV
status among pregnant women and by trimester (including second trimester) is not clear.
Understanding these differences is important, as various studies in populations without HIV
have shown that high inflammation during mid-pregnancy is associated with preterm birth
and other adverse pregnancy outcomes such as preeclampsia [12,13]; the immune profile of
pregnant women with HIV could help us better understand the increased risk of preterm
delivery [9, 14] and other adverse infant health outcomes [15,16,17].

To address these gaps in knowledge, we compared levels of various inflammatory markers, at

the both the second and third trimesters, by HIV status in a cohort of pregnant women from
Pune, India. The rationale for studying the immune markers in the second and third trimester
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was due to the existing literature linking high inflammation during this period with adverse
birth outcomes [9,12,14]. Pregnant women with HIV infection in this study were all taking
ART at enrollment study. We assessed various plasma markers relevant to HIV and
pregnancy including those involved in systemic inflammation (IL-6, IL1- and interferon-f3
(IFNB)), acute phase response (C-reactive protein (CRP), alpha 1-acid glycoprotein (AGP)),
intestinal barrier dysfunction (intestinal fatty acid-binding protein (I-FABP)), T-helper
cytokines (interferon-y (IFNy), tumor necrosis factor a (TNFa), Interleukin (IL)-17a and IL-
13) and monocyte activation (sCD14 and soluble CD163 (sCD163)) [1,4,6,9,14].

Methods
Setting

For this analysis on the relationship of HIV and inflammation during pregnancy, we used
data from a prospective cohort study, ‘Impact of Immune Changes of HIV and Stages of
Pregnancy on Tuberculosis (PRACHIT1)’. In this cohort study, we recruited pregnant women
who were attending the BJ Medical Government College (BJGMC)/Sassoon General
Hospital for antenatal care in Pune, India between June 2016 and June 2019.

Population

As the primary objective of the parent study was to assess changes in immune responses by
HIV and latent tuberculosis infection (LTBI) status, four groups of pregnant women were
enrolled based on their LTBI and HIV status: 1) LTBI+HIV+ 2) LTBI+HIV- 3) LTBI-HIV+
4) LTBI-HIV-. We used past medical records or a rapid test to determine HIV status. If the
test was positive, it was further confirmed by enzyme-linked immunosorbent assay (ELISA).
For participant on antiretroviral therapy (ART), a repeat diagnosis was not performed. An
Interferon Gamma Release Assay (IGRA Quantiferon TB-Gold) cutoff of TB antigen minus
nil >0.35 [U/mL was used to determine LTBI status for both women with and without HIV.

Ethics Statement is detailed in online supplement, http://links.lww.com/QAD/C235
Sudy Design and Eligibility Criteria

Adult pregnant women between the ages of 18 to 40, with a gestational age (determined by
early second trimester ultrasound) between 13 and 34 weeks, and receiving antenatal care at
BJIGMC were eligible for enrollment into the PRACHITi cohort. Pregnant women with active
TB disease, severe anemia (Hb < 75 g/l during the 30 days prior to enrollment) [18], taking
antibiotics or immunosuppressive medications for greater than 14 days at enrollment, or with
a history of autoimmune or immunosuppressive disease were excluded from the study. A
sample of 234 pregnant women were enrolled into the PRACHIT!1 study through convenience
sampling. All women from PRACHITi with available inflammation data were included in
this analysis.
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Data Collection

Sociodemographic information was collected from pregnant women in PRACHITi at
enrollment during second (13-27 gestational weeks) or third (week 28 onwards) trimester.
Clinical data were collected at enrollment (second or third trimester), at the third trimester
visit (if enrolled in second trimester), at delivery, 6 weeks, 3 months, 6 months and 12
months post-partum. We also measured mid-upper arm circumference (MUAC) at all visits,
to define undernutrition in pregnancy as MUAC less than 23 cm and overweight as MUAC
greater than 30.5 cm [19]. Assessments of anemia and gestational diabetes are detailed in
online supplement, http://links.Iww.com/QAD/C235.

At each visit, blood samples were collected in heparin tubes, and plasma samples were
extracted and stored in -80°C until further use. To measure levels of SCD163, sCD14, I-
FABP, CRP, AGP, and IFN in plasma samples collected from the second and third
trimester, we conducted single-plex immunoassays according to the manufacturer’s directions
(R&D Systems, Minneapolis, MN). Levels of IFNy, IL-1p, IL-6, IL-13, IL-17A and TNFa in
plasma were measured using a multiplex immunoassay following manufacturer guidelines
(Luminex R&D Systems). Among these markers, sCD163, sCD14, I-FABP, CRP, AGP, IL-
1B, IL-6, IL-17A and TNFa have been linked with both HIV and preterm birth, while IFNy
and IFNf were selected because of their association with HIV.

Satistical Analysis

We included both HIV+ (LTBI+ and LTBI-) and HIV- (LTBI+ and LTBI-) women to study
the relationship between HIV status and inflammatory markers during pregnancy. Descriptive
statistics are detailed in online supplement, http://links.lww.com/QAD/C235.

To understand whether the specific inflammatory markers measured in our study were
different by trimester in the overall population, we examined the intra-individual variation
between the second and third trimester of these markers using intraclass correlation
coefficient (ICC). Type A ICCs based on an absolute agreement were calculated using a two-
way mixed effects model assuming people effects are random and measure effects are fixed.

The inflammatory markers were transformed to a log, scale to reduce the impact of higher
leverage values. To determine the relationship of HIV status with inflammation during the
second and third trimester of pregnancy, we conducted univariable and multivariable analysis
using generalized linear model with identity link function. As the majority of women in this
study (N = 175) contributed more than one observation (i.e. in both second and third
trimester), generalized estimating equation (GEE) method was employed to account for
within subject correlation due to repeated measures from the same subject. In the univariable
variable, HIV status is the binary exposure variable and each logy-transformed inflammatory
marker is a continuous outcome variable. We considered two multivariable models with HIV
status as the key covariate of interest. Multivariable model 1 was adjusted for age, mid-upper
arm circumference (MUAC), and education while multivariable model 2 was further adjusted
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for LTBI status, smoking, gestational diabetes, and anemia. Any unadjusted p-values less
than or equal to 0.05 was considered as statistically significant (further details in online
supplement, http://links.lww.com/QAD/C235). In addition to the GEE analysis (using both
second and third trimester data), we also used univariable and multivariable linear regression
to assess the relationship of HIV with inflammation, separately for the second and third
trimester. All analyses were conducted in SAS (University Edition, NC, USA) or SPSS
Version 27.0.

Results
Study Population Characteristics

From our cohort study, we had inflammation data available from 220 pregnant women.
Overall study population characteristics are presented in Table 1 and described in online
supplement, http://links.lww.com/QAD/C235. In this study, 70 women were HIV+ and 150
women were HIV-. Study population characteristics did not differ by HIV status except that
HIV-positive women had a higher proportion of third trimester anemia (p-value = 0.037),
income below India’s poverty line (p-value = 0.047), and a lower proportion of LTBI (p-
value < 0.001). There were a higher proportion of women with HIV with an education level
of secondary or less (p-value = 0.058), and gestational diabetes (p-value = 0.136), but these
differences were not statistically significant (Table 1). Among women with HIV, the median
CD4 count was 423 cells/mm’ and the median viral load was 40 copies/ml; 71% were on
TDF/3TC/EFV ART regimen, 11% were on AZT/3TC/NVP ART regimen, and 18% were
taking other forms of ART.

Association of HIV Status with Inflammation During Pregnancy Using Both Second and
Third Trimester Data

Findings from univariable GEE analysis suggested that women with HIV had significantly
higher levels of I-.FABP (mean log, difference: 0.43, 95% confidence interval (CI): 0.08 to
0.78, p-value = 0.014) and sCD14 (mean log, difference: 0.47, 95% CI: 0.25 to 0.69; p-value
<0.001), and lower levels of AGP (mean log, difference: -0.67, 95% CI: -1.20 to -0.15; p-
value=0.014) compared to women without HIV (Figure 1).

After adjusting for age, MUAC, and education (i.e., multivariable model 1), levels of I-
FABP (mean log, difference: 0.44, 95% CI: 0.06 to 0.83, p-value = 0.023) and sCD14 (mean
log, difference: 0.46, 95% CI: 0.24 to 0.68, p-value < 0.001) remained significantly higher,
and levels of AGP (mean log; difference: -0.60, 95% CI: -1.10 to -0.11, p-value = 0.017)
were significantly lower in women with HIV compared to women without HIV. In addition,
levels of IL-6 (mean log, difference: 0.80, 95% CI: 0.31 to 1.29, p-value = 0.001) were
significantly higher in women with HIV compared to women without HIV (Figure 1). Of
note, sCD14 and IL-6 results were robust to adjustment for Bonferroni multiple comparison
adjustments (p-value < 0.004).
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In the multivariable analysis further adjusting for LTBI, anemia, smoking, and gestational
diabetes (i.e., multivariable model 2), we found sCD14 (mean log, difference: 0.45, 95% CI:
0.22 to 0.69, p-value < 0.001) was significantly higher and AGP (mean log; difference: -0.53,
95% CI: -0.88 to -0.18, p-value = 0.003) was significantly lower, after accounting for
Bonferroni multiple comparison adjustments. Interestingly, in contrast to multivariable model
1, I-FABP (mean log, difference: 0.18, 95% CI: -0.33 to -0.70, p-value = 0.485) and IL-6
(mean log, difference: 0.23, 95% CI: -0.35 to 0.82, p-value = 0.444) levels were not
significantly different in this model (Figure 1). Adjustment of LTBI drove these differences
between the two multivariable models. Further adjusting for parity did not change our results
(data not shown).

Reliability of Inflammatory Markers over Trimester

While the above GEE analysis assessed the relationship of HIV with inflammation during
both the second and third trimester, there are known differences in immunity by trimester of
pregnancy [3]. To understand whether the specific inflammatory markers measured in our
study were different by trimester in the overall population, we examined the intraclass
correlation coefficient of these markers between the second and third trimester. The ICC
varied between the markers with a range of 0.19-0.85 (Table 2). Some markers with
relatively low ICC included CRP (0.19), I-FABP (0.23), and IFNy (0.29), indicating high
intra-individual variation over trimester (Table 2). Some markers with relatively high ICC
included sCD14 (0.85), IL1p (0.83) and IL-6 (0.74), indicating relative stability in levels over
trimester (Table 2). While the high ICC for several markers provided evidence to support the
validity of analysis for combined sample, given the low reliability of some other
inflammation markers, we also next assessed the relationship of HIV with inflammation
separately for second and third trimester samples and formally compared their strength of
association by trimester.

Association of HIV Status with Inflammation by Trimester

In the second trimester, levels of sSCD14 (p < 0.001), TNFa (p = 0.011), IL-6 (p = 0.002), and
IL-17a (p = 0.007) were significantly higher, using Wilcoxon-rank sum tests, in women with
HIV compared to women without HIV (Supplementary Figure 1,
http://links.Iww.com/QAD/C236). Conversely, levels of sCD163 (p=0.028) were
significantly higher in women without HIV compared to women with HIV. In contrast, in the
third trimester, only levels of sCD14 (p<0.0001) and IL-6 (p=0.026) were significantly higher
in women with HIV compared to women without HIV (Supplementary Figure 2,
http://links.Iww.com/QAD/C236).

Next, we assessed the relationship of inflammation with HIV status using univariable and
multivariable linear regression models separately for second and third trimester. The second
trimester results were similar to the GEE analysis for sCD14 (significant in all models), IL-6
(significant for univariable and multivariable 1 but not multivariable 2) and AGP (significant
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in all models) (Figure 2). In contrast to the GEE analysis, second trimester TNFa was also
significantly higher in univariable and multivariable model 1, but not multivariable model 2.

The third trimester results were also similar to the GEE analysis for sCD14 (significant in all
models), IL-6 and I-FABP (significant in univariable and multivariable model 1 but not
multivariable model 2 with adjustment for LTBI) (Figure 3). Comparing the results from
second and third trimester results suggest that the association of HIV with [-FABP, AGP and
TNFa are different by trimester while HIV had a similar association with the other markers
over the second and third trimester.

Discussion

In our study comparing pregnant women with HIV taking ART to pregnant women without
HIV, we studied the association of HIV infection status and inflammation during pregnancy.
Overall, we saw that HIV status was associated with higher levels of markers of gut integrity,
monocyte activation and systemic inflammation, and lower levels of AGP, an acute phase
protein. While there were trimester-specific differences in certain markers, overall, the
changes were similar by HIV status. Increases in these markers, some of which are associated
with preterm birth, might help to explain the higher risk of adverse birth outcomes in HIV-
infected populations, and could suggest targets for potential interventions.

In this study of pregnant women from India, we examined the association of HIV with
inflammation over the course of second and third trimester of pregnancy. While the primary
analysis focused on GEE analysis that included samples from both the second and third
trimesters, we also decided to conduct separate analysis for each trimester after observing
some markers with high intra-individual variation (low ICC) over trimesters. While
variability in levels of inflammatory markers within trimesters of pregnancy has been
noted by other studies, data on ICCs over trimester are lacking. Our data suggests that
there is high reliability between certain markers, such as sCD14 and IL1, while other
markers such as CRP and I-FABP have low reliability between the second and third
trimester. Differences in levels of some of these markers by trimester are partly explained by
the immune clock of human pregnancy, where the levels and function of various components
of immunity changes with stage of pregnancy [20].

In the present study, sCD14 remained significantly higher among women with HIV compared
to women without HIV in all univariable and multivariable GEE and trimester-specific
regression analysis. These results are similar to what has been observed in non-pregnant
adults with HIV [4]; in addition, we confirm and expand upon findings from a previous study
of pregnant women with and without HIV by showing that, the levels are higher in both the
second and third trimester [9]. sCD14 is a marker of monocyte activation, and circulating
levels have been shown to increase in response to HIV-associated gut barrier dysfunction and
microbial translocation [4], even after exposure to ART. These findings have significance
among pregnant women as we [14] and others [9] have shown that higher levels of sCD14
during pregnancy was associated with preterm birth. We also discuss whether potential
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efavirenz use might explain these results in online supplement,
http://links.lww.com/QAD/C235.

Related to gut barrier dysfunction, we also observed that [-FABP, a marker increased during
intestinal damage [4], was higher in pregnant women with HIV compared to those without
HIV from the in univariable and multivariable 1 model in the GEE analysis. This was also
observed in the trimester-specific results although only the third trimester results were
statistically significant. As described above, various studies in non-pregnant adults have also
observed higher levels of I-FABP in individuals with HIV [4], although to our knowledge,
potential differences by HIV status during pregnancy has not been previously explored. Our
previous study [14] and the study from Spain described earlier [9] showed that higher levels
of sCD14 and I-FABP levels during pregnancy was associated with preterm birth; given these
previous findings, our results from this study suggest that these markers could potentially
help explain the increased preterm delivery by mothers with HI'V.

Interestingly, when we adjusted for LTBI status (multivariable model 2), the I-FABP results
were no longer significant. The rationale to adjust for LTBI is presented in the online
supplement, http://links.lww.com/QAD/C235. This result was surprising and warrants further
investigation, especially as we have also shown that LTBI status affects various inflammatory
markers including I-FABP and IL-6 levels during pregnancy [7]. Similar to the [-FABP
results, HIV status was associated with increased IL-6 levels in the GEE and trimester-
specific analysis only in the univariable and multivariable model 1, but not multivariable
model 2. Once again, LTBI adjustment accounted for the change in significance. Given that
multiple studies in non-pregnant adults, that do not adjust for LTBI status, have shown a
positive association of HIV with IL-6 and I-FABP [1,4,21], our results suggest that future
studies should address whether the observed associations might be confounded by LTBI
status, or whether this observation reflects chance findings due to our study design, or
alternatively if it reflects the real impact of LTBI only during pregnancy. A limitation in the
interpretation of this data is the potential challenges in determining LTBI status among
people with HIV; for example, LTBI+ could potentially be misclassified, due to anergy, as
LTBI- in women with HIV, and this could result in biased inferences.

Levels of AGP were significantly lower in women with HIV compared to women without
HIV in the second trimester as well as during pregnancy overall. Studies have examined the
level of AGP in plasma, and have found that levels are actually elevated in many infections,
including HIV infection [22,23]. However, studies examining the levels of AGP in pregnancy
show varied results with levels decreasing during pregnancy or levels remaining unchanged
[7,24]. The potential reasons for lower levels of AGP in HIV is not clear. A study of healthy
pregnant women showed that AGP actually developed anti-inflammatory properties over the
course of pregnancy, due to structural changes characterized by increases in degree of glycan
branching and decreases in the degree of a3-fucosylation [25]. These changes were partly
caused by increases in estrogen levels during pregnancy [25]. Thus, in the context of a more
pro-inflammatory profile of HIV or reduced estrogen with EFV-based regimens [26] (i.e. the
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majority of women in this study), there might be reduced levels of AGP (with anti-
inflammatory properties).

The strengths of our study include assessment of various inflammatory markers, informing on
difference aspects of immunity, for pregnant women with and without HIV. Furthermore, this
study examines the relationship of HIV with these inflammatory markers during pregnancy
overall and by specific trimesters. We also acknowledge limitations to our study. First, the
sample size of the study, while being among the largest to address this question, was limited.
Second, we did not have data from the first trimester of pregnancy, the postpartum period or
from non-pregnant controls; regardless, our study provides an important comparison by HIV
status in the second and third trimester. A further limitation of our study is that we did not
adjust for potential unmeasured (e.g., CMV infections status) or unknown confounders in the
analyses. Additional limitations are detailed in online supplement,
http://links.lww.com/QAD/C235.

In conclusion, our study found that HIV status during pregnancy was associated with higher
levels of markers of gut integrity, monocyte activation and systemic inflammation, and lower
levels of AGP, an acute phase protein. As some of these markers are associated with adverse
birth outcomes, our results could help explain the increased risk of preterm delivery among
women with HIV and suggest targets for potential interventions (e.g., dietary fiber or
probiotics to improve gut integrity and reduce monocyte activation).
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Figure 1: Association of HIV status with inflammation (N = 487 samples from 220

women)
biomarker model Mean difference (95% Cl) p-value
univariate —— -0.67(-1.20t0-0.14)  0.014
AGP multivariate 1 —— -0.60 (-1.10t0-0.10)  0.017
multivariate 2 —— -0.52 (-0.87 t0-0.18)  0.003
univariate ——i -0.095 (-0.4810 0.29)  0.636
CRP multivariate 1 l—’-—* -0.023 (-0.4210 0.36)  0.908
multivariate 2 -—’—u -0.05 (-0.48 to 0.38) 0.819
univariate l—<>—| 0.43 (0.08 to 0.78) 0.014
I-FABP multivariate 1 e 0.44 (0.06 to 0.83) 0.023
multivariate 2 ———— 0.18 (-0.33 t0 0.70) 0.485
univariate —i— 0.14 (-0.36 to 0.64) 0.478
IFNB multivariate 1 -——0—- 0.21 (-0.29 to 0.73) 0.413
multivariate 2 p—_g—. 0.20 (-0.38 to 0.78) 0.500
univariate O 0.01 (-0.01 to 0.03) 0.362
IFNy multivariate 1 —— 0.26 (-0.08 to 0.60) 0.143
multivariate 2 ——— 0.38 (-0.07 to 0.84) 0.101
univariate & 0.003 (-0.02100.02)  0.772
IL1B multivariate 1 ——— 0.22(-0.23100.68)  0.328
multivariate 2 n—’—1 -0.31 (-0.87 to 0.25) 0.281
univariate o 0.02 (-0.004 to 0.046)  0.102
IL-6 multivariate 1 . —@——  080(0.31t01.29) 0.001
multivariate 2 |—~—0—a 0.23 (-0.3510 0.82) 0.444
univariate — 020(-053100.13) 0653
IL-13 multivariate 1 —— -0.17 (-0.51 t0 0.17) 0.327
multivariate 2 —— 013 (-0.55100.29)  0.554
univariate '-O-u 0.12 (-0.04 to 0.28) 0.134
IL-17a multivariate 1 - 0.14 (-0.02 to 0.29) 0.094
multivariate 2 — -0.03 (-0.26 to 0.20) 0.808
univariate P —e 047 (02410 0.69)  <0.001
sCD14 multivariate 1 O 0.46 (0.24 to 0.68) <0.001
multivariate 2 —— 0.45 (0.22 to 0.68) <0.001
univariate +—<>—< 0.007 (-0.17 t0 0.18) 0.938
sCD163 multivariate 1 - 0.04 (-0.13 to 0.20) 0.671
multivariate 2 v—.—- -0.08 (-0.31 to 0.15) 0.498
univariate S 0.005 (-0.01100.02)  0.449
TNFa multivariate 1 »-0—( 0.13 (-0.11 t0 0.37) 0.301
multivariate 2 |—Q—« 0.06 (-0.21 to 0.34) 0.641

Using generalized linear model with identity link and GEE to account for the within subject
correlation due to repeated measures, the mean difference in log, concentrations of each
inflammation marker and 95% confidence intervals (95% CI) among HIV+ individuals
compared to HIV- individuals (HIV+ minus HIV-) is shown in the forest plot. Multivariate
model 1 was adjusted for age, mid-upper arm circumference, and education. Multivariable
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model 2 was further adjusted for anemia, smoking, LTBI, and GDM. A p-value less than or
equal to 0.05 was considered statistically significant.. Color legends: Gray for univariable,
blue for multivariable model 1 and red for multivariable model 2.

Figure 2: Association of HIV status with second trimester inflammation (N=187)

biomarker model Mean difference (95% CI) p-value
univariate —— | -0.59 (-0.97 to -0.21) 0.003
AGP multivariate 1 —— -0.60 (-0.99 to -0.21) 0.003
multivariate 2 b -0.33 (-0.63 to -0.03) 0.030
univariate —H— -0.009 (-0.52 to 0.51) 0.970
CRP multivariate 1 ——— 0.07 (-0.45 to 0.60) 0.780
multivariate 2 —_—p— 0.22 (-0.42 to 0.86) 0.500
univariate —_—— 0.42 (-0.11 to 0.95) 0.120
I-FABP multivariate 1 H—— 0.39 (-0.16 to 0.93) 0.160
multivariate 2 r—’—1 0.08 (-0.60 to 0.75) 0.820
univariate —_————t 0.07 (-0.57 to 0.71) 0.830
IFNB multivariate 1 —_— 0.15 (-0.51 to 0.81) 0.650
multivariate 2 & -0.03 (-0.82 to 0.76) 0.940
univariate = 0.12 (-0.21 to 0.45) 0.480
IFNy multivariate 1 —— 0.08 (-0.25 to 0.42) 0.630
multivariate 2 —— 0.24 (-0.16 to 0.63) 0.240
univariate — 0.18 (-0.36 to 0.73) 0.510
IL1B multivariate 1 —_———— 0.20 (-0.36 to 0.77) 0.480
multivariate 2 l—.»—u -0.24 (-0.890 to 0.41) 0.470
univariate ——» 0.98 (0.38 to 1.57) 0.001
IL-6 multivariate 1 ———@—> 1.09(0.48 to 1.70) 0.001
multivariate 2 —— 0.44 (-0.27 to 1.15) 0.230
univariate —— -0.0008 (-0.43t00.42)  0.990
IL-13 multivariate 1 —— -0.008 (-0.44 10 0.43)  0.970
multivariate 2 —— 0.19 (-0.33 to 0.71) 0.460
univariate e 0.17 (-0.12 to 0.47) 0.250
IL-17a multivariate 1 :—-—0—! 0.19 (-0.11 to 0.49) 0.220
multivariate 2 —— -0.06 (-0.42100.31)  0.760
univariate —— 0.42 (0.18 to 0.67) 0.001
sCD14 multivariate 1 —— 0.45 (0.21 to 0.70) <0.001
multivariate 2 —— 0.42 (01210 0.72) 0.006
univariate —— -0.05 (-0.31 to 0.20) 0.680
sCD163 multivariate 1 r—‘—-t -0.05 (-0.31 to 0.22) 0.730
multivariate 2 —— -0.15(-047100.18)  0.370
univariate }—<>—| 0.33 (0.06 to 0.59) 0.020
TNFa multivariate 1 H—I 0.35 (0.08 to 0.62) 0.010
multivariate 2 —— 0.31(-0.007t0 0.64)  0.055
I T T T T T 1
0

Legend: Using linear regression, the mean difference in log, concentrations of each
inflammation marker and 95% confidence intervals (95% CI) among HIV+ individuals
compared to HIV- individuals (HIV+ minus HIV-) is shown in the forest plot. Multivariate
model 1 was adjusted for age, mid-upper arm circumference, and education. Multivariable
model 2 was further adjusted for anemia, smoking, LTBI, and GDM. A p-value less than or
equal to 0.05 was considered statistically significant. Color legends: Gray for univariable,
blue for multivariable model 1 and red for multivariable model 2.
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Figure 3: Association of HIV status with third trimester inflammation (N=220)

biomarker model Mean difference (95% CI) p-value
e — -0.18 (-0.46 to 0.11) 0.220
AGP multivariate 1 —— 0.08(-0.38100.21) 0,570
multivariate 2 -—0—( -0.27 (-0.60 to 0.05) 0.100
univariate »—<>-—| -0.11 (-0.57 to 0.35) 0.640
CRP multivariate 1 —— 0.07 (0.55t00.42)  0.790
multivariate 2 — 0.21(-0.75100.33)  0.450
univariate l-—O—c 0.38 (0.02 to 0.75) 0.040
I-FABP multivariate 1 —— 0.39 (0.02 to 0.76) 0.040
multivariate 2 —H—— 0.27 (-0.14 to 0.69) 0.200
univariate — e 0.27 (-0.33 to 0.86) 0.370
IFNB multivariate 1 —— 0.33 (-0.28 to 0.95) 0.290
multivariate 2 ——— 0.35 (-0.35 to 1.04) 0.330
univariate s 0.37 (-0.10 o0 0.84) 0.120
IFNy multivariate 1 —— 0.37 (-0.11 to 0.85) 0.130
multivariate 2 —— 0.48 (-0.07 to 1.02) 0.090
univariate ——— 0.08(-0.42100.59) 0750
IL1B multivariate 1 — 0.10 (-0.42 to 0.62) 0.710
multivariate 2 -—.—; -0.35 (-0.91 to 0.21) 0.300
univariate 5 —_—— 0.70 (0.13 to 1.28) 0.020
IL-6 multivariate 1 ———  0.74(0.14 t0 1.34) 0.020
multivariate 2 v—-—.—i 0.23 (-0.43 to 0.89) 0.490
univariate |—<>—51 -0.31 (-0.70 to 0.08) 0.120
IL-13 multivariate 1 > -0.30 (-0.70 to 0.11) 0.150
multivariate 2 ——H -0.37 (-0.82 to 0.09) 0.120
univariate l~<>—~| 0.06 (-0.11 to 0.23) 0.500
IL-17a multivariate 1 —o— 0.06 (-0.11 to 0.23) 0.380
multivariate 2 —— 001(-020t0017) 0880
univariate —o— 0.44 (0.20 to 0.68) 0.001
sCD14 multivariate 1 —G— 0.42 (0.17 to 0.66) 0.001
multivariate 2 —— 0.49 (0.21 t0 0.77) 0.001
univariate - 0.02(-0.19100.23) 0,938
sCD163 multivariate 1 ——i 0.07 (-0.14 to 0.29) 0.520
multivariate 2 -—0—- -0.007 (-0.24 10 0.23)  0.960
univariate —— 0.01(-0.3010027)  0.500
TNFa multivariate 1 ;—Q—- -0.01 (-0.31 to 0.29) 0.380
multivariate 2 .-—-04 -0.10 (-0.44 to 0.24) 0.880
) T T T T T 1

-05 0 0.5 1 1.5

Legend: Using linear regression, the mean difference in log, concentrations of each
inflammation marker and 95% confidence intervals (95% CI) among HIV+ individuals
compared to HIV- individuals (HIV+ minus HIV-) is shown in the forest plot. Multivariate
model 1 was adjusted for age, mid-upper arm circumference, and education. Multivariable
model 2 was further adjusted for anemia, smoking, LTBI, and GDM. A p-value less than or
equal to 0.05 was considered statistically significant. Color legends: Gray for univariable,
blue for multivariable model 1 and red for multivariable model 2.
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Table 1: Characteristics of the study population (N = 220)

Overall HIV+ HIV- P-value
(N=220) (N=70) (N=150)
Age median (IQR) 23 (21-27) 25 (22-30) 23 (20-26) 0.002
Monthly Income
<Rs. 10,255 75 (34) 31 (44) 44 (30) 0.06
>Rs. 10,255 143 (66) 39 (56) 104 (70)
Education
None to primary 54 (25) 24 (34) 30 (20)
Middle school to high school 139 (63) 40 (57) 99 (66) 0.06
Post-high school 27 (12) 6(9) 21 (14)
Smoking status
Yes 26 (12) 6(9) 20 (13) 0.38
No 194 (88) 64 (91) 130 (87)
Mid-upper arm circumference
<23 cm 62 (28) 19 (27) 43 (29)
23 -30.5 cm 143 (65) 46 (67) 97 (65) 0.95
>30.5 cm 14 (6) 4 (6) 10 (7)
Anemia
Yes 88 (41) 35(51) 53 (36) 0.02
No 129 (59) 33 (48) 96 (64)
Gestational Diabetes status
Yes 21 (10) 10 (15) 11(7) 0.08
No 195 (90) 58 (84) 137 (93)
LTBI
Yes 155 (70) 31 (44) 124 (83) <0.001
No 65 (30) 39 (56) 26 (17)
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Legend: Data are presented as number (%) of subjects unless otherwise stated. P-values were
calculated using Fisher’s exact test for the monthly income, anemia, and gestational diabetes
variables, Chi-squared test for the smoking status, LTBI, mid-upper arm circumference, and
education variables, and Wilcoxon rank-sum for continuous variables, age, to determine the
difference between HIV+ and HIV- pregnant women. * Anemia was characterized as having a
hemoglobin level less than 110 g/L. **Gestational diabetes was characterized as either
having a fasting plasma glucose between 92-125 mg/dl or a 2-hour plasma glucose following
glucose load between 153-199 mg/dl.

Table 2: Intraclass Correlation Coefficient (ICC) Overall

N ICC

2" and 3" 2" and 3"
Log2 IFN-g 167 0.29
Log 2 IFN-b 157 0.39
Log2 IL-6 167 0.74
Log2 IL-17 167 0.55
Log2 11-13 167 0.63
Log2 IL-1b 167 0.83
Log2 CRP 158 0.19
Log2 AGP 150 0.65
Log2 TNF-a 167 0.63
Log2 I-FABP 165 0.23
Log2 sCD14 161 0.85
Log2 sCD163 161 0.62

Legend: Type A ICCs based on an absolute agreement definition were calculated using a
two-way mixed effects model where people effects are random and measured effects are
fixed.
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