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Abstract

Monitoring kidney transplants for rejection conventionally includes serum creat-
inine, immunosuppressive drug levels, proteinuria, and donor-specific antibody
(DSA). Serum creatinine is a late marker of allograft injury, and the predictive
ability of DSA regarding risk of rejection is variable. Histological analysis of an
allograft biopsy is the standard method for diagnosing rejection but is invasive,
inconvenient, and carries risk of complications. There has been a long quest to
find a perfect biomarker that noninvasively predicts tissue injury caused by
rejection at an early stage, so that diagnosis and treatment could be pursued
without delay in order to minimize irreversible damage to the allograft. In this
review, we discuss relatively novel research on identifying biomarkers of tissue
injury, specifically elaborating on donor-derived cell-free DNA, and its clinical
utility.

Key Words: Biomarker; Donor-derived cell-free DNA; Kidney allograft outcomes; Kidney
transplant; Allograft biopsy
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Core Tip: Donor-derived cell-free DNA (dd-cfDNA) is now available as a noninvasive
biomarker to evaluate the risk of rejection in kidney allografts and other organ
transplants. The technology utilizes next generation sequencing and does not require
donor genotyping. In this review we discuss the current literature on the utility of dd-
cfDNA in kidney transplantation, the limitations, and future directions.
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INTRODUCTION

Kidney transplants offer the best survival to patients with end-stage kidney disease
[1]. Conventional monitoring of kidney transplant recipients includes serum
creatinine, proteinuria, and donor-specific antibodies (DSA), which are neither
sensitive nor specific. Surveillance biopsies are performed for allograft monitoring in a
few centers, but are invasive and have multiple disadvantages including bleeding risk,
inconvenience, sampling error, and poor reproducibility in interpretation. They
generally have low yield as the majority reveal normal histology and have not been
validated to improve outcomes.

The risk of renal allograft dysfunction from acute rejection (AR) during the first year
after transplant is around 10%-15%. AR can be either acute T cell-mediated rejection
(TCMR) characterized by lymphocytic infiltration of tubules, interstitium, and in
severe cases, vessels causing cytotoxic injury or acute antibody-mediated rejection
(ABMR) caused by DSA resulting in complement activation and lysis of target cells. A
rise of serum creatinine is a delayed marker of the assessment of AR. By the time the
serum creatinine rises, significant histological damage has already occurred, thereby
significantly lowering the chance of complete recovery from injury. There have been
multiple efforts to develop a noninvasive biomarker that promptly, accurately, and
inexpensively predicts immunological allograft injury at an early stage with high
sensitivity, specificity, and predictive value[2]. An ideal biomarker should assess the
risk of injury, diagnose and monitor the injury and the pharmacological response,
have prognostic value, and assess the safety of treatment[3].

NONINVASIVE BIOMARKERS IN ORGAN TRANSPLANTATION

Over the last decade, the emphasis has been on finding the perfect biomarker, which
will help to predict, diagnose, and treat rejection in order to improve short- and long-
term transplant outcomes. Various biomarkers in different categories have been
studied, including blood mRNA (Granzyme B, Perforin, FasL, HLA-DRA, and
multigene signature); blood donor-derived cell-free DNA (dd-cfDNA); blood proteins
(DSA, C1Q binding, Pleximune, Immuknow, kSORT, IFN-y Elispot and, TCR
repertoire); urinary mRNA (Perforin, Granzyme B, PI-9, CD103, FOXP3, CXCL10,
NKG2D, TIM3, Granulysin, and multigene signature); and urinary proteins (CXCL9,
CXCL10, and Fractalkine)[4]. The markers have varying degrees of sensitivity and
specificity and are summarized in Table 1. dd-cfDNA has recently become as one of
the most commonly used biomarkers. The purpose of this review is to outline the
discovery and utility of dd-cfDNA and to evaluate the available data regarding its use
in kidney transplantation.

DD-CFDNA

Plasma cell-free DNA has been used as a biomarker in prenatal testing, cancer
diagnosis, and organ transplantation[5-8]. Multiple studies have shown that allograft-
derived cell-free DNA can be detected and quantified as a fraction of total cell-free
DNA in the plasma or serum of various solid organ transplant recipients[8-10] such as
kidney[11], heart[12], lung[13], pancreas[14], and liver[15]. Similar studies were also
done looking at cell-free DNA excretion in urine[16]. This noninvasive marker was
extensively studied in heart transplant recipients by Snyder et al[9], where significantly
increased levels of dd-cfDNA were noted with biopsy-proven AR. Severity of rejection
worsened with increasing levels of dd-cfDNA. In addition to being a marker of
rejection, dd-cfDNA can also be used as an individualized tool to assess the efficacy of
immunosuppressive treatment. In a study of liver transplant recipients, higher
tacrolimus levels were associated with lower amounts of dd-cfDNA, suggesting that
the relationship could be used as a tool for optimizing immunosuppressant drug
dosing[17]. The presence of dd-cfDNA in the plasma of solid organ transplant patients
was first described in 1990’s, and involved measurement of Y chromosome DNA
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Table 1 Biomarkers studied in the field of transplantation

- Biomarker assay =~ Sample o Sensitivity/

Ref. Biomarker name y . P Rejection type i .ty PPVINPV  Comments
method size specificity

Patel et al[56] CDC crossmatch  Micro-cytotoxicity 225 Hyper acute rejection/ 0.75/0.97 0.80/0.97 FDA approved
assay early graft loss

Mahoney et al Flow crossmatch ~ Flow cytometry 90 Early graft loss 0.71/0.74 0.33/0.93 FDA approved

[57]

Pei et al[58] Luminex HLA beads; flow 10 Anti HLA Ab - - FDA approved
cytometry

Ashokkumar et al Pleximmune T cytotoxicmemory 32 Acute rejection 0.88/0.94 0.93/0.88 FDA approved

[59] cell

He et al[60] Cylex-Immuknow Lymphocyte 42 CD4 T cell function = = FDA approved
ATPgeneration

Loupy et al[61] Clq bindingassay  Flow cytometric C1q 1016 TCMR/ABMR/ graftloss - - FDA approved
binding

Hricik et al[62] IFN-y ELISPOT Donor-reactive 21 De novo DSA/ rejection  1.0/0.67 0.67/1.0 Not FDA
memory T cell approved

Roedder et al[63] KSORT PBLRNA by qPCR 143 AR 0.83/0.91 0.81/0.91 Not FDA

approved

Bloom et al[33] dd-cfDNA PBL single gene 102 (107 ABMR and I b or higher  0.59/0.85 0.61/0.84 FDA approved
sequencing samples) TCMR

Acquino-Dias et  FOXP3 PBL, urine (PCR) 65 (78 AR vs DGF 0.94/0.95 0.94/0.95

al[64] sample)

Li et al[65] Granzyme B, Urine mRNA (PCR) 85 (151 AR 0.79-0.83 /0.77- -

perforin samples) 0.83
Hricik et al[66] Urine CXCL9 Urine ELISA 258 TCMR 0.85/0.81 0.68/0.92 Not FDA
approved
Suthanthiran et al Urine 3 gene; Urine RNA by PCR 485 pts (4300 Diagnosis AR 20 d early  0.79/0.78 - Not FDA
[67] CD3E, CXCL10, samples) approved
18SrRna

Renesto et al[68]  TIM-3 PBL, urine mRNA 115 (160 Diagnose AR, values 0.87/0.95 0.87/0.93
PCR samples) normal post treatment

Valujskikh etal ~ miRNA-210 Urine miR-210 PCR 81 (88 Diagnose AR, values 0.52/0.74 -

[69] samples) normal post treatment

ABMR: Antibody-mediated rejection; AR: Acute rejection; CDC: Complement dependent cell cytotoxicity; dd-cfDNA: Donor-derived cell-free DNA;
ELISA: Enzyme-linked immunosorbent assay; FDA: Food and Drug Administration; HLA: Human leukocyte antigen; IFN: Interferon; PBL: Peripheral

blood lymphocyte; PCR: Polymerase chain reaction; TCMR: T cell-mediated rejection.
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particles in a female recipient from a male donor[18].

BIOLOGY AND KINETICS OF CELL-FREE DNA

Levels of cell-free DNA fluctuate randomly during the day[19,20] and vary with
multiple factors including age[21], exercise, obesity[22], malignancy, transplant[20],
acute coronary syndrome[23], stroke[24], and other pathological conditions. The
concentration of cell-free DNA may vary from 3.5-100 ng/mL[20,25]. Cell-free DNA is
rapidly cleared from the plasma. Its The mean clearance half-life of fetal Y chro-
mosome DNA particles from maternal plasma was reported by Lo ef al[26] to be 16
min. Cell-free DNA is primarily cleared by apoptosis, necrosis, and active secretion.
Less than 20% is secreted in urine[27] and partly degraded by the liver[28] and
endonucleases in the plasma and other tissues. Yu et al[29] found clearance of fetal cell-
free DNA to occur in two phases, one with a half-life of about 1 h and a slower phase
with a half-life of about 13 h. Nearly complete disappearance of fetal cell-free DNA
occurs by 2 d postpartum.

In kidney transplant recipients, the kinetics of dd-cfDNA were described in detail
by Shen et al[30], where the authors compared the dynamics of degradation of dd-
cfDNA in the immediate post transplant period in kidney transplant recipients from
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living donors (LD) compared with deceased donors (DD) where donors had cardiac
death, and some experienced delayed graft function. Based on their analysis, the mean
dd-cfDNA concentration was 20.69% at 3 h, 5.22% by about 16 h, and 0.85% by day 7.
The concentrations were significantly higher in recipients of kidneys from DDs than
LDs initially (45% vs 10%) and on day 7 d (1.11% vs 0.59%) probably because of higher
levels of ischemia reperfusion injury in the former group. Other large solid organs,
such as livers may have more cell turnover and larger proportions of dd-cfDNA
released in the recipient. Beck ef al[10] found dd-cfDNA fractions of 90% immediately
after transplant with steady state levels below 15% by day 10.

MEASURING DD-CFDNA

The technology of measuring dd-cfDNA initially had some limitations as the assays
required prior recipient and donor genotyping and were time consuming and
expensive[8,9]. Newer technologies that have been validated as clinical-grade assays
measure dd-cfDNA in transplant recipients by polymerase chain reaction (PCR) such
as real-time quantitative PCR, droplet digital PCR, or next generation sequencing
(NGS) as described by Grskovic et al[19]. Droplet digital PCR and NGS have been
clinically investigated and validated over a wide range for detecting rejection in
transplant recipients[31,32]. The basic principle of measuring dd-cfDNA is by
measuring single nucleotide polymorphisms (SNPs) that are homozygous in the
recipient and differ from those of the donor. That can be accomplished in the absence
of donor genotyping[33]. There are no standardized assays to be used for trans-
plantation, in terms of the number of SNPs. The commercially available assays using
NGS technology so far are Allosure, (CareDx, Brisbane, CA, United States), which
targets 266 SNPs[34]; Prospera, (Natera Inc, San Carlos, CA, United States), which
targets 13392 SNPs[35], Viracor Transplant Rejection Allograft Check (TRAC)
combined with TruGraf, and (Eurofins Viracor, (Lee's Summit, MO, United States),
which targets 70000 SNPs[36]. There is one study that compared the results of two
commonly available commercial assays in United States; Allosure and Natera,
involving 76 kidney transplant recipients. It found no significant differences in the test
results for predicting rejection or other test characteristics, but found some differences
in the test result turnaround time[36,37]. The recipient genotype is determined at each
SNP and the relative fraction of dd-cfDNA is computed using custom bioinformatics
tools. The performance of the assay was validated in 1117 samples from related and
unrelated transplant recipients with reliability and precision. The turnaround time of
the test was 3 d, which was considered as a practical time frame for transplant
recipients.

REPORTING DD-CFDNA AS A FRACTION VS ABSOLUTE VALUE

In clinical application, the dd-cfDNA value is expressed as a fraction of background
circulating cell-free DNA fragments. This assumes that the recipient’s DNA fragments
remain constant. However the host's cell-free DNA fragment levels can vary in
different scenarios such as exercise, inflammatory state, and body size[22,38,39]. In a
recent report involving 121 stable kidney transplant recipients, there was a significant
negative correlation of the average baseline dd-cfDNA fractions between 4-12 wk post-
transplantation and increasing recipient BMI[22]. That indicates that dd-cfDNA
fractions are influenced by recipient body size.

Previous studies have compared absolute dd-cfDNA values to fractional values[40-
42]. The analysis by Whitlam et al[40] included 61 samples and reported similar areas
under the curve (AUC) for diagnosing ABMR, with an absolute dd-cfDNA value of
0.91 [95% confidence interval (CI): (0.82-0.98)] and a dd-cfDNA fraction of 0.89 (95%CI:
0.79-0.98). Neither measure was very useful in diagnosing 1A and borderline TCMR
rejection. In a prospective observational study, Oellerich et al[42] compared dd-cfDNA
quantification of copies/mL plasma to dd-cfDNA fraction at prespecified visits in 189
patients over 1 yr post kidney transplant. Median dd-cfDNA (copies/mL) was 3.3-fold
and the median dd-cfDNA fraction was 2.0 fold higher in patients with biopsy-proven
rejection (n = 15 with 22 samples) compared with the median in stable patients (1 = 83
with 408 samples). Measuring dd-cfDNA (copies/mL) showed superior performance (
P =0.02) with an AUC of 0.83 compared with the dd-cfDNA fraction, which had an
AUC of 0.73. A subset analysis found a significant inverse correlation between
tacrolimus levels and dd-cfDNA (copies/mL), implying that dd-cfDNA may be useful
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in evaluating adequacy of immunosuppression. A subsequent study from the same
group evaluated the longitudinal time-dependent changes in total cfDNA (copies/
mL), dd-cfDNA (copies/mL) and dd-cfDNA fraction in 303 clinically stable kidney
transplant recipients 12-60 mo post-transplantation[41]. Total cfDNA showed a
significant decline over time, resulting in increasing dd-cfDNA fractions, with
doubling of the 85th percentile value by 5 yr. In contrast, dd-cfDNA (copies/mL)
values remained stable during the same period. The authors concluded that
measurement of absolute dd-cfDNA concentrations minimize false positive results
compared with dd-cfDNA fractions and were hence superior for long-term allograft
monitoring. Further large scale studies are still needed to define the ideal method of
dd-cfDNA monitoring,.

DD-CFDNA IN DIAGNOSING AR IN KIDNEY TRANSPLANTATION

The Diagnosing AR in Kidney Transplant Recipients (DART) study by Bloom et al[33]
focused more on dd-cfDNA (Allosure, CareDx, Brisbane, CA) as a novel biomarker in
discriminating subclinical rejection from no rejection at an early stage, which could
allow early intervention and hopefully better outcomes. It was a prospective
multicenter study of renal allograft recipients (n = 102) that used targeted
amplification of dd-cfDNA by sequencing of SNPs to quantify donor and recipient
DNA contributions in the plasma without the need of donor genotyping. A dd-cfDNA
level of < 1% had an AUC of 0.87 (95%CI: 0.75-0.97) for discriminating ABMR from no
rejection. The positive predictive value (PPV) and negative predictive value (NPV)
with a cutoff of < 1% were 44% and 96% respectively, which was quite significant,
suggesting a dd-cfDNA value of > 1% may indicate active rejection (TCMR type=1b
or ABMR) where the sensitivity and specificity were 59% and 85% respectively. The
hope is that this noninvasive biomarker could replace the need of surveillance biopsies
done at some centers to monitor for rejection. A limitation of the study was that the
test failed to pick up borderline TCMR type la rejection. Measurement of dd-cfDNA as
a steady state fraction of recipient cfDNA in kidney transplants was first described by
Bromberg et al[32], using the Allosure test. The study established that in steady state, a
dd-cfDNA fraction above 1.2% could be abnormal and potentially predict AR. The
results of the Prospera test were reported by Sigdel et al[35] in a single center retros-
pective study from a curated biobank. Along the same lines, a study by Jordan et al[34]
combining the use of elevated DSA with dd-cfDNA > 1% increased the pro-bability of
diagnosis of ABMR. That study involved 87 kidney transplant recipients, 16 had
ABMR, and the PPV of a 1% threshold level of dd-cfDNA to detect active ABMR in
DSA positive patients was 81%, whereas the NPV was 83%. The PPV for DSA
positivity alone was 48%.

Based on pivotal validation studies, dd-cfDNA became Medicare reimbursable in
October 2017 for noninvasive monitoring of rejection in transplant recipients. A
subsequent external validation study by Huang et al[43] in 63 kidney transplant
recipients with suspicion of rejection, revealed that the dd-cfDNA test did not
discriminate TCMR from no rejection. The AUC for TCMR was 0.42 (CI: 0.17-0.66),
although performance for diagnosing ABMR was much better, with an AUC of 0.82
(CI: 0.71-0.93). To better understand the long-term outcomes based on dd-cfDNA, a
large prospective multicenter observational cohort study, the Kidney Allograft
Outcomes AlloSure Registry (KOAR, ClinicalTrials.gov Identifier NCT03326076) is
underway and plans to enroll 4000 kidney transplant recipients. KOAR is sponsored
by CareDx, and will complete enrollment in December 2021. The ProActive study
utilizing the Prosepra test and sponsored by Natera, Inc. (NCT04091984) is also
underway and is targeting to enroll 3000 kidney transplant recipients prospectively
from the time of transplant surgery. It will assess changes in the utilization of allograft
biopsy and clinical outcomes based on physician-directed use of the Prospera test to
rule in and rule out active rejection. The planned follow up for the study is 3 yr for
most patients and 5 yr for a subset of patients at high immunologic risk.

The utility of dd-cfDNA in first time single kidney transplant recipients (SKTR) was
clearly shown in the above mentioned studies, but the validity of the test in repeat
kidney transplant recipients (RKTR) was unclear until Mehta et al[38] reported a
median dd-cfDNA of RKTR (n = 12) in the surveillance group that was higher than in
the SKTR group (0.29% vs 0.19%, P < 0.001). However, both were significantly lower
than the established 1% dd-cfDNA rejection threshold[44]. Another study by
Sureshkumar et al[45], showed that there were no significant differences in dd-cfDNA
values for either deceased vs living donor (0.39% * 0.42% vs 0.37% * 0.20%, P = 0.35) or
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repeat vs first time (0.34% % 0.07% vs 0.39% + 0.43%, P = 0.36) kidney transplant
recipients. One possible reason for the latter observation could be that the limited
number of viable cells in a failed allograft is insufficient to generate enough cell-free
DNA fragments.

Using a slightly different platform from Natera to detect dd-cfDNA, Sigdel et al[35]
have shown promising results. They measured plasma dd-cfDNA with a single SNP-
based cell-free assay targeting 13392 SNPs using a massively multiplexed PCR method
to detect allograft injury or rejection without knowing the donor genotype. Altug et al
[31] further validated the performance of this method to detect the dd-cfDNA fraction
with improved precision over other currently available tests, regardless of donor-
recipient relationships. A major limitation was that the study was a retrospective
analysis of archived samples from a single center comparing outcomes of patients who
underwent for-cause biopsies, with an increased risk of rejection. The superiority in
the technique of measuring dd-cfDNA and methodology of those studies was
questioned in an editorial by Grskovic et al[46]. More studies are needed to prove the
superiority of this technique over the other available techniques used to measure dd-
cfDNA.

There have been multiple recent meta-analyses compiling the data from studies of
the potential of dd-cfDNA as a biomarker to distinguish between different types of
allograft rejection in kidney transplant recipients. A meta-analysis by Wijtvliet et al[47]
included seven studies and one by Xiao et al[48] included nine studies. Both revealed
significantly higher levels of dd-cfDNA in patients with ABMR compared with those
with no rejection. The diagnostic accuracy was less for early TCMR, particularly Banff
1A and borderline. The meta-analysis by Xiao ef al[48] revealed that the incidence of
ABMR was 12%-37% in patients with elevated dd-cfDNA, with a pretest probability of
25%, positive likelihood of 58 %, and negative likelihood of 6%, suggesting it may be a
good test to rule out rejection. The presence of DSA can enhance the ability of dd-
cfDNA to diagnose ABMR[34]. Zhang et al[49] showed that patients with positive DSA
but without ABMR on biopsy had a higher baseline dd-cfDNA value compared with
transplant recipients with neither DSA nor ABMR. The study suggests that the dd-
cfDNA level may help in differentiating possibly “benign” DSA from the more
damaging DSA that can cause ABMR. The majority of stable kidney transplant
recipients have a median dd-cfDNA value of 0.21% with an NPV of 95%; suggesting
that dd-cfDNA could be a reasonably accurate marker to rule out active rejection *A
recent meta-analysis reported similar results[48].

DD-CFDNA IN SUBCLINICAL REJECTION

Subclinical rejections are usually diagnosed in protocol biopsies, and there has been
some data to suggest that subclinical rejections portend worse long-term graft
outcomes; yet there is no data to suggest that treatment of this improves outcomes
[50]. A study by Gielis et al[51] using dd-cfDNA measured by NGS in 43 patients who
had 107 protocol biopsy specimens did not differentiate subclinical rejection from
pyelonephritis or acute tubular injury. Bloom et al[33] reported that in the DART
study, dd-cfDNA did not predict early TCMR, the majority of which were subclinical
rejections. Even though the efficacy of diagnosing subclinical rejection is low, use of
dd-cfDNA in combination with other markers of graft dysfunction such a DSA,
chemokines, gene transcripts, and other novel biomarkers, might be able to predict
rejection in immunologically high risk recipients[50]. In a recently published
multicenter study involving 79 patients with steroid-treated borderline/1A TCMR,
those with dd-cfDNA 2= 0.5% had a steeper decline in glomerular filtration rate
(median 8.5% vs 0%), more frequent development of DSA (40.5% vs 2.7%) and
recurrent rejection rates (21.4% vs 0%) at 3-6 mo post-initial diagnosis than patients
with a value < 0.5%[52].

DD-CFDNA FOR SURVEILLANCE AND MONITORING

The ideal frequency of monitoring dd-cfDNA has not been established, but studies
have shown that, depending on the type of donor organ (i.e. living or deceased with or
without DGF), the dd-cfDNA value nadirs at 2 wk post transplant, from the ischemia
reperfusion injury. Hence, the monitoring should begin at 2 wk post transplant[30].
Some studies, like as the DART study[33], measured dd-cfDNA monthly for 3 mo and
quarterly thereafter for a year, which might be a good frequency to follow. Various
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other studies to look at the outcomes of using this biomarker as a tool for surveillance
to monitor rejection in all transplant recipients or a subset of those with high immuno-
logical risk are ongoing and are described in Table 2. Interestingly, dd-cfDNA was
elevated in pathologies other than rejection, such as BK nephritis[53] and infection[54].

LIMITATIONS OF DD-CFDNA AS A BIOMARKER

The use of the dd-cfDNA assay has limitations that need to be kept in mind. The test
may give inaccurate results if performed within first 2 wk of transplant, in pregnant
women, within 24 h of kidney biopsy, in patients who received whole blood or WBC
components within a month of testing, in those with history of allogenic bone marrow
transplantation, kidney transplant from monozygotic twin and in multiorgan
transplant recipients. In dual organ transplants from a single donor, a cutoff value
above which one could anticipate an increased risk of rejection has not been defined,
and an increased value will not distinguish which organ is experiencing the injury. A
positive result in single organ recipients does increase the risk of rejection, but cannot
distinguish the grade and type of rejection. Confirmatory diagnosis of type and
intensity of rejection is still based on biopsy findings. Occasionally increased levels of
dd-cfDNA were be seen in BK nephritis or other causes of allograft injury other than
rejection.

FUTURE DIRECTIONS

The availability of dd-cfDNA for clinical use in recent years is a step in the right
direction toward noninvasive monitoring of allograft health, especially following
kidney transplantation. A number of recent publications have described the utility of
dd-cfDNA in kidney transplant recipients. In general, studies have found that dd-
cfDNA was more useful in diagnosing ABMR, with less clear impact toward
diagnosing milder forms of TCMR. One possible reason for the early rise in dd-cfDNA
levels in ABMR is the associated microvascular injury in the allograft, with earlier
release of cell-free DNA fragments into the circulation. Emerging reports suggest that
dd-cfDNA is predictive of short-term adverse graft outcomes in TCMR1A at a lower
threshold dd-cfDNA level. Despite being clinically available as an attractive option for
noninvasive allograft evaluation, there are still many unanswered questions on the
optimal utilization of these biomarkers. More large studies and experience are needed.
Some of these questions are: (1) Should we use absolute dd-cfDNA levels or dd-cfDNA
fractions? (2) What is the role of surveillance using dd-cfDNA in stable kidney
transplant recipients, and would there be a favorable impact on long-term transplant
outcomes? And (3) Is it cost effective to perform serial dd-cfDNA measurements?
Puttarajappa et al[55] used a Markov model to perform an economic analysis
comparing noninvasive biomarker monitoring to protocol biopsy during the first 12
mo following kidney transplantation. Assuming an incidence of 12% subclinical
TCMR and 3% subclinical ABMR, protocol biopsy yielded more quality-adjusted life
years at a lower cost compared with biomarkers. Hopefully many of these questions
will be answered once the results of large database studies such as KOAR and
ProActive become available.

CONCLUSION

Noninvasive monitoring of early diagnosis of kidney allograft injury is a need of the
hour. Among the various biomarkers that have been studied, dd-cfDNA captured the
most attention and data is emerging. The available literature finds dd-cfDNA to be
valuable for the early diagnosis of ABMR, but its role in milder forms of TCMR is less
clear. Similarly, the favorable impact of dd-cfDNA in allograft surveillance on long-
term outcomes is also not clear. Results from ongoing large outcome studies could
shed further light onto this.
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Table 2 Trials of donor-derived cell-free DNA in kidney transplantation

NCT02424227 Noninvasive blood test to diagnose acute rejection after kidney transplantation (DART) Completed
NCT03765203 Utility of a novel dd-cfDNA test to detect injury in renal posttransplant patients (QIDNEY) Completed
NCT03326076 Evaluation of patient outcomes from the kidney allograft outcomes allosure registry (KOAR) Recruiting
NCT04091984 The Prospera kidney transplant active rejection assessment registry (ProActive) Recruiting
NCT04057742 Allosure for the monitoring of antibody-mediated processes after kidney transplantation (All-MAP) Recruiting
NCT03759535 Study in detection cfDNA for the early stage diagnosis of acute rejection post-renal transplantation Not yet
recruiting
NCT03984747 Study for the prediction of active rejection in organs using donor-derived cell-free DNA detection (SPARO) Recruiting
NCT04130685 Donor-derived cell-free DNA for surveillance in simultaneous pancreas and kidney transplant recipients Recruiting
NCT04166149 Eliminating the need for pancreas biopsy using peripheral blood cell-free DNA (PancDX) Recruiting
NCT03859388 Longitudinal changes in donor-derived cell-free DNA with tocilizumab treatment for chronic antibody-mediated Enrolling
rejection
NCT04225988 Comparison of tacrolimus extended-release (envarsus xr) to tacrolimus immediate-release in HLA sensitized kidney Recruiting

transplant recipients
NCT04177095 Immune monitoring to facilitate belatacept monotherapy Recruiting

NCT04239703 Intercomex donor-derived cell-free DNA study Recruiting

dd-cfDNA: Donor-derived cell-free DNA; HLA: Human leukocyte antigen.

REFERENCES

1 Abecassis M, Bartlett ST, Collins AJ, Davis CL, Delmonico FL, Friedewald JJ, Hays R, Howard A,
Jones E, Leichtman AB, Merion RM, Metzger RA, Pradel F, Schweitzer EJ, Velez RL, Gaston RS.
Kidney transplantation as primary therapy for end-stage renal disease: a National Kidney
Foundation/Kidney Disease Outcomes Quality Initiative (NKF/KDOQITM) conference. Clin J Am
Soc Nephrol 2008; 3: 471-480 [PMID: 18256371 DOI: 10.2215/CJIN.05021107]

2 Lo DJ, Kaplan B, Kirk AD. Biomarkers for kidney transplant rejection. Nat Rev Nephrol 2014; 10:
215-225 [PMID: 24445740 DOI: 10.1038/nrneph.2013.281]

3 Naesens M, Anglicheau D. Precision Transplant Medicine: Biomarkers to the Rescue. J Am Soc
Nephrol 2018; 29: 24-34 [PMID: 28993504 DOI: 10.1681/ASN.2017010004]

4 Safa K, Magee CN, Azzi J. A critical review of biomarkers in kidney transplantation. Curr Opin
Nephrol Hypertens 2017; 26: 509-515 [PMID: 28857783 DOI: 10.1097/MNH.0000000000000361]

5 Wong FC, Lo YM. Prenatal Diagnosis Innovation: Genome Sequencing of Maternal Plasma. Annu
Rev Med 2016; 67: 419-432 [PMID: 26473414 DOI: 10.1146/annurev-med-091014-115715]

6  Alix-Panabiéres C, Pantel K. Clinical Applications of Circulating Tumor Cells and Circulating
Tumor DNA as Liquid Biopsy. Cancer Discov 2016; 6: 479-491 [PMID: 26969689 DOI:
10.1158/2159-8290.CD-15-1483]

7  Gold B, Cankovic M, Furtado LV, Meier F, Gocke CD. Do circulating tumor cells, exosomes, and
circulating tumor nucleic acids have clinical utility? J Mol Diagn 2015; 17: 209-224 [PMID:
25908243 DOI: 10.1016/j.jmoldx.2015.02.001]

8 Gielis EM, Ledeganck KJ, De Winter BY, Del Favero J, Bosmans JL, Claas FH, Abramowicz D,
Eikmans M. Cell-Free DNA: An Upcoming Biomarker in Transplantation. Am J Transplant 2015; 15:
2541-2551 [PMID: 26184824 DOI: 10.1111/ajt.13387]

9 Snyder TM, Khush KK, Valantine HA, Quake SR. Universal noninvasive detection of solid organ
transplant rejection. Proc Natl Acad Sci USA 2011; 108: 6229-6234 [PMID: 21444804 DOI:
10.1073/pnas.1013924108]

10  Beck J, Bierau S, Balzer S, Andag R, Kanzow P, Schmitz J, Gaedcke J, Moerer O, Slotta JE, Walson
P, Kollmar O, Oellerich M, Schiitz E. Digital droplet PCR for rapid quantification of donor DNA in
the circulation of transplant recipients as a potential universal biomarker of graft injury. Clin Chem
2013;59: 1732-1741 [PMID: 24061615 DOI: 10.1373/clinchem.2013.210328]

11 Garcia Moreira V, Prieto Garcia B, Baltar Martin JM, Ortega Suarez F, Alvarez FV. Cell-free DNA
as a noninvasive acute rejection marker in renal transplantation. Clin Chem 2009; 55: 1958-1966
[PMID: 19729469 DOI: 10.1373/clinchem.2009.129072]

12 Hidestrand M, Tomita-Mitchell A, Hidestrand PM, Oliphant A, Goetsch M, Stamm K, Liang HL,
Castleberry C, Benson DW, Stendahl G, Simpson PM, Berger S, Tweddell JS, Zangwill S, Mitchell
ME. Highly sensitive noninvasive cardiac transplant rejection monitoring using targeted
quantification of donor-specific cell-free deoxyribonucleic acid. J Am Coll Cardiol 2014; 63: 1224-
1226 [PMID: 24140666 DOI: 10.1016/j.jacc.2013.09.029]

WJEM | https://www.wjgnet.com 62 November 20,2021 | Volumel1l | Issue5 |

Jaishideng®


http://www.ncbi.nlm.nih.gov/pubmed/18256371
https://dx.doi.org/10.2215/CJN.05021107
http://www.ncbi.nlm.nih.gov/pubmed/24445740
https://dx.doi.org/10.1038/nrneph.2013.281
http://www.ncbi.nlm.nih.gov/pubmed/28993504
https://dx.doi.org/10.1681/ASN.2017010004
http://www.ncbi.nlm.nih.gov/pubmed/28857783
https://dx.doi.org/10.1097/MNH.0000000000000361
http://www.ncbi.nlm.nih.gov/pubmed/26473414
https://dx.doi.org/10.1146/annurev-med-091014-115715
http://www.ncbi.nlm.nih.gov/pubmed/26969689
https://dx.doi.org/10.1158/2159-8290.CD-15-1483
http://www.ncbi.nlm.nih.gov/pubmed/25908243
https://dx.doi.org/10.1016/j.jmoldx.2015.02.001
http://www.ncbi.nlm.nih.gov/pubmed/26184824
https://dx.doi.org/10.1111/ajt.13387
http://www.ncbi.nlm.nih.gov/pubmed/21444804
https://dx.doi.org/10.1073/pnas.1013924108
http://www.ncbi.nlm.nih.gov/pubmed/24061615
https://dx.doi.org/10.1373/clinchem.2013.210328
http://www.ncbi.nlm.nih.gov/pubmed/19729469
https://dx.doi.org/10.1373/clinchem.2009.129072
http://www.ncbi.nlm.nih.gov/pubmed/24140666
https://dx.doi.org/10.1016/j.jacc.2013.09.029

Jaishideng®

13

15

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Chopra B et al. Donor-derived cell-free DNA

De Vlaminck I, Martin L, Kertesz M, Patel K, Kowarsky M, Strehl C, Cohen G, Luikart H, Neff NF,
Okamoto J, Nicolls MR, Cornfield D, Weill D, Valantine H, Khush KK, Quake SR. Noninvasive
monitoring of infection and rejection after lung transplantation. Proc Natl Acad Sci USA 2015; 112:
13336-13341 [PMID: 26460048 DOI: 10.1073/pnas.1517494112]

Gadi VK, Nelson JL, Boespflug ND, Guthrie KA, Kuhr CS. Soluble donor DNA concentrations in
recipient serum correlate with pancreas-kidney rejection. Clin Chem 2006; 52: 379-382 [PMID:
16397013 DOI: 10.1373/clinchem.2005.058974]

Macher HC, Suérez-Artacho G, Guerrero JM, Gomez-Bravo MA, Alvarez-Gémez S, Bernal-Bellido
C, Dominguez-Pascual I, Rubio A. Monitoring of transplanted liver health by quantification of organ-
specific genomic marker in circulating DNA from receptor. PLoS One 2014; 9: €113987 [PMID:
25489845 DOI: 10.1371/journal.pone.0113987]

Zhang J, Tong KL, Li PK, Chan AY, Yeung CK, Pang CC, Wong TY, Lee KC, Lo YM. Presence of
donor- and recipient-derived DNA in cell-free urine samples of renal transplantation recipients:
urinary DNA chimerism. Clin Chem 1999; 45: 1741-1746 [PMID: 10508119 DOI:
10.1016/S0009-9120(99)00059-4]

QOellerich M, Schiitz E, Kanzow P, Schmitz J, Beck J, Kollmar O, Streit F, Walson PD. Use of graft-
derived cell-free DNA as an organ integrity biomarker to reexamine effective tacrolimus trough
concentrations after liver transplantation. Ther Drug Monit 2014; 36: 136-140 [PMID: 24452066
DOI: 10.1097/FTD.0000000000000044]

Lo YM, Tein MS, Pang CC, Yeung CK, Tong KL, Hjelm NM. Presence of donor-specific DNA in
plasma of kidney and liver-transplant recipients. Lancet 1998; 351: 1329-1330 [PMID: 9643800 DOI:
10.1016/s0140-6736(05)79055-3]

Grskovic M, Hiller DJ, Eubank LA, Sninsky JJ, Christopherson C, Collins JP, Thompson K, Song M,
Wang YS, Ross D, Nelles MJ, Yee JP, Wilber JC, Crespo-Leiro MG, Scott SL, Woodward RN.
Validation of a Clinical-Grade Assay to Measure Donor-Derived Cell-Free DNA in Solid Organ
Transplant Recipients. J Mol Diagn 2016; 18: 890-902 [PMID: 27727019 DOI:
10.1016/j.jmoldx.2016.07.003]

Sherwood K, Weimer ET. Characteristics, properties, and potential applications of circulating cell-
free dna in clinical diagnostics: a focus on transplantation. J Immunol Methods 2018; 463: 27-38
[PMID: 30267663 DOI: 10.1016/j.jim.2018.09.011]

Fleischhacker M, Schmidt B. Circulating nucleic acids (CNAs) and cancer--a survey. Biochim
Biophys Acta 2007; 1775: 181-232 [PMID: 17137717 DOI: 10.1016/j.bbcan.2006.10.001]
Sureshkumar KK, Aramada HR, Chopra B. Impact of body mass index and recipient age on baseline
donor-derived cell free DNA (dd-cfDNA) in kidney transplant recipients. Clin Transplant 2020; 34:
el4101 [PMID: 33091217 DOI: 10.1111/ctr.14101]

Chang CP, Chia RH, Wu TL, Tsao KC, Sun CF, Wu JT. Elevated cell-free serum DNA detected in
patients with myocardial infarction. Clin Chim Acta 2003; 327: 95-101 [PMID: 12482623 DOI:
10.1016/s0009-8981(02)00337-6]

Rainer TH, Wong LK, Lam W, Yuen E, Lam NY, Metreweli C, Lo YM. Prognostic use of
circulating plasma nucleic acid concentrations in patients with acute stroke. Clin Chem 2003; 49: 562-
569 [PMID: 12651807 DOI: 10.1373/49.4.562]

Suzuki N, Kamataki A, Yamaki J, Homma Y. Characterization of circulating DNA in healthy human
plasma. Clin Chim Acta 2008; 387: 55-58 [PMID: 17916343 DOIL: 10.1016/j.cca.2007.09.001]

Lo YM, Zhang J, Leung TN, Lau TK, Chang AM, Hjelm NM. Rapid clearance of fetal DNA from
maternal plasma. Am J Hum Genet 1999; 64: 218-224 [PMID: 9915961 DOI: 10.1086/302205]
Botezatu I, Serdyuk O, Potapova G, Shelepov V, Alechina R, Molyaka Y, Ananév V, Bazin I, Garin
A, Narimanov M, Knysh V, Melkonyan H, Umansky S, Lichtenstein A. Genetic analysis of DNA
excreted in urine: a new approach for detecting specific genomic DNA sequences from cells dying in
an organism. Clin Chem 2000; 46: 1078-1084 [PMID: 10926886 DOI:
10.1016/S0009-9120(00)00160-0]

Gauthier VJ, Tyler LN, Mannik M. Blood clearance kinetics and liver uptake of mononucleosomes
in mice. J Immunol 1996; 156: 1151-1156 [PMID: 8557992 DOI: 10.1084/jem.183.2.705]

Yu SC, Lee SW, Jiang P, Leung TY, Chan KC, Chiu RW, Lo YM. High-resolution profiling of fetal
DNA clearance from maternal plasma by massively parallel sequencing. Clin Chem 2013; 59: 1228-
1237 [PMID: 23603797 DOI: 10.1373/clinchem.2013.203679]

Shen J, Zhou Y, Chen Y, Li X, Lei W, Ge J, Peng W, Wu J, Liu G, Yang G, Shi H, Chen J, Jiang T,
Wang R. Dynamics of early post-operative plasma ddcfDNA levels in kidney transplantation: a
single-center pilot study. Transpl Int 2019; 32: 184-192 [PMID: 30198148 DOIL: 10.1111/tri.13341]
Altug Y, Liang N, Ram R, Ravi H, Ahmed E, Brevnov M, Swenerton RK, Zimmermann B, Malhotra
M, Demko ZP, Billings PR, Ryan A. Analytical Validation of a Single-nucleotide Polymorphism-
based Donor-derived Cell-free DNA Assay for Detecting Rejection in Kidney Transplant Patients.
Transplantation 2019; 103: 2657-2665 [PMID: 30801536 DOI: 10.1097/TP.0000000000002665]
Bromberg JS, Brennan DC, Poggio E, Bunnapradist S, Langone A, Sood P, Matas AJ, Mannon RB,
Mehta S, Sharfuddin A, Fischbach B, Narayanan M, Jordan SC, Cohen DJ, Zaky ZS, Hiller D,
Woodward RN, Grskovic M, Sninsky JJ, Yee JP, Bloom RD. Biological Variation of Donor-Derived
Cell-Free DNA in Renal Transplant Recipients: Clinical Implications. J App! Lab Med 2017; 2: 309-
321 [PMID: 33636851 DOI: 10.1373/jalm.2016.022731]

Bloom RD, Bromberg JS, Poggio ED, Bunnapradist S, Langone AJ, Sood P, Matas AJ, Mehta S,
Mannon RB, Sharfuddin A, Fischbach B, Narayanan M, Jordan SC, Cohen D, Weir MR, Hiller D,

WJEM | https://www.wjgnet.com 63 November 20,2021 | Volumel1l | Issue5 |


http://www.ncbi.nlm.nih.gov/pubmed/26460048
https://dx.doi.org/10.1073/pnas.1517494112
http://www.ncbi.nlm.nih.gov/pubmed/16397013
https://dx.doi.org/10.1373/clinchem.2005.058974
http://www.ncbi.nlm.nih.gov/pubmed/25489845
https://dx.doi.org/10.1371/journal.pone.0113987
http://www.ncbi.nlm.nih.gov/pubmed/10508119
https://dx.doi.org/10.1016/S0009-9120(99)00059-4
http://www.ncbi.nlm.nih.gov/pubmed/24452066
https://dx.doi.org/10.1097/FTD.0000000000000044
http://www.ncbi.nlm.nih.gov/pubmed/9643800
https://dx.doi.org/10.1016/s0140-6736(05)79055-3
http://www.ncbi.nlm.nih.gov/pubmed/27727019
https://dx.doi.org/10.1016/j.jmoldx.2016.07.003
http://www.ncbi.nlm.nih.gov/pubmed/30267663
https://dx.doi.org/10.1016/j.jim.2018.09.011
http://www.ncbi.nlm.nih.gov/pubmed/17137717
https://dx.doi.org/10.1016/j.bbcan.2006.10.001
http://www.ncbi.nlm.nih.gov/pubmed/33091217
https://dx.doi.org/10.1111/ctr.14101
http://www.ncbi.nlm.nih.gov/pubmed/12482623
https://dx.doi.org/10.1016/s0009-8981(02)00337-6
http://www.ncbi.nlm.nih.gov/pubmed/12651807
https://dx.doi.org/10.1373/49.4.562
http://www.ncbi.nlm.nih.gov/pubmed/17916343
https://dx.doi.org/10.1016/j.cca.2007.09.001
http://www.ncbi.nlm.nih.gov/pubmed/9915961
https://dx.doi.org/10.1086/302205
http://www.ncbi.nlm.nih.gov/pubmed/10926886
https://dx.doi.org/10.1016/S0009-9120(00)00160-0
http://www.ncbi.nlm.nih.gov/pubmed/8557992
https://dx.doi.org/10.1084/jem.183.2.705
http://www.ncbi.nlm.nih.gov/pubmed/23603797
https://dx.doi.org/10.1373/clinchem.2013.203679
http://www.ncbi.nlm.nih.gov/pubmed/30198148
https://dx.doi.org/10.1111/tri.13341
http://www.ncbi.nlm.nih.gov/pubmed/30801536
https://dx.doi.org/10.1097/TP.0000000000002665
http://www.ncbi.nlm.nih.gov/pubmed/33636851
https://dx.doi.org/10.1373/jalm.2016.022731

Chopra B et al. Donor-derived cell-free DNA

Jaishideng®

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

Prasad P, Woodward RN, Grskovic M, Sninsky JJ, Yee JP, Brennan DC; Circulating Donor-Derived
Cell-Free DNA in Blood for Diagnosing Active Rejection in Kidney Transplant Recipients (DART)
Study Investigators. Cell-Free DNA and Active Rejection in Kidney Allografts. J Am Soc Nephrol
2017; 28: 2221-2232 [PMID: 28280140 DOI: 10.1681/ASN.2016091034]

Jordan SC, Bunnapradist S, Bromberg JS, Langone AJ, Hiller D, Yee JP, Sninsky JJ, Woodward RN,
Matas AJ. Donor-derived Cell-free DNA Identifies Antibody-mediated Rejection in Donor Specific
Antibody Positive Kidney Transplant Recipients. Transplant Direct 2018; 4: €379 [PMID: 30234148
DOI: 10.1097/TXD.0000000000000821]

Sigdel TK, Archila FA, Constantin T, Prins SA, Liberto J, Damm I, Towfighi P, Navarro S, Kirkizlar
E, Demko ZP, Ryan A, Sigurjonsson S, Sarwal RD, Hseish SC, Chan-On C, Zimmermann B, Billings
PR, Moshkevich S, Sarwal MM. Optimizing Detection of Kidney Transplant Injury by Assessment of
Donor-Derived Cell-Free DNA via Massively Multiplex PCR. J Clin Med 2018; 8 [PMID: 30583588
DOI: 10.3390/jem8010019]

Melancon JK, Khalil A, Lerman MJ. Donor-Derived Cell Free DNA: Is It All the Same? Kidney360
2020; 1: 1118-11123 [DOI: 10.34067/KID.0003512020]

Paul RS, Almokayad I, Collins A, Raj D, Jagadeesan M. Donor-derived Cell-free DNA: Advancing a
Novel Assay to New Heights in Renal Transplantation. Transplant Direct 2021; 7: e664 [PMID:
33564715 DOI: 10.1097/TXD.0000000000001098]

Haller N, Helmig S, Taenny P, Petry J, Schmidt S, Simon P. Circulating, cell-free DNA as a marker
for exercise load in intermittent sports. PLoS One 2018; 13: €0191915 [PMID: 29370268 DOI:
10.1371/journal.pone.0191915]

Rykova E, Sizikov A, Roggenbuck D, Antonenko O, Bryzgalov L, Morozkin E, Skvortsova K,
Vlassov V, Laktionov P, Kozlov V. Circulating DNA in rheumatoid arthritis: pathological changes
and association with clinically used serological markers. Arthritis Res Ther 2017; 19: 85 [PMID:
28464939 DOLI: 10.1186/s13075-017-1295-7]

Whitlam JB, Ling L, Skene A, Kanellis J, Ierino FL, Slater HR, Bruno DL, Power DA. Diagnostic
application of kidney allograft-derived absolute cell-free DNA levels during transplant dysfunction.
Am J Transplant 2019; 19: 1037-1049 [PMID: 30312536 DOI: 10.1111/ajt.15142]

Schiitz E, Asendorf T, Beck J, Schauerte V, Mettenmeyer N, Shipkova M, Wieland E, Kabakchiev
M, Walson PD, Schwenger V, Oellerich M. Time-Dependent Apparent Increase in dd-cfDNA
Percentage in Clinically Stable Patients Between One and Five Years Following Kidney
Transplantation. Clin Chem 2020; 66: 1290-1299 [PMID: 33001185 DOI:
10.1093/clinchem/hvaal75]

Oellerich M, Shipkova M, Asendorf T, Walson PD, Schauerte V, Mettenmeyer N, Kabakchiev M,
Hasche G, Grone HJ, Friede T, Wieland E, Schwenger V, Schiitz E, Beck J. Absolute quantification
of donor-derived cell-free DNA as a marker of rejection and graft injury in kidney transplantation:
Results from a prospective observational study. Am J Transplant 2019; 19: 3087-3099 [PMID:
31062511 DOL: 10.1111/ajt.15416]

Huang E, Sethi S, Peng A, Najjar R, Mirocha J, Haas M, Vo A, Jordan SC. Early clinical experience
using donor-derived cell-free DNA to detect rejection in kidney transplant recipients. Am J Transplant
2019; 19: 1663-1670 [PMID: 30725531 DOIL: 10.1111/ajt.15289]

Mehta SG, Chang JH, Alhamad T, Bromberg JS, Hiller DJ, Grskovic M, Yee JP, Mannon RB.
Repeat kidney transplant recipients with active rejection have elevated donor-derived cell-free DNA.
Am J Transplant 2019; 19: 1597-1598 [PMID: 30468563 DOI: 10.1111/ajt.15192]

Sureshkumar KK, Lyons S, Chopra B. Impact of kidney transplant type and previous transplant on
baseline donor-derived cell free DNA. Transpl Int 2020; 33: 1324-1325 [PMID: 32526808 DOI:
10.1111/tri.13673]

Grskovic M, Hiller D, Woodward RN. Performance of Donor-derived Cell-free DNA Assays in
Kidney Transplant Patients. Transplantation 2020; 104: e135 [PMID: 32044893 DOI:
10.1097/TP.0000000000003084]

Wijtvliet VPWM, Placke P, Abrams S, Hens N, Gielis EM, Hellemans R, Massart A, Hesselink DA,
De Winter BY, Abramowicz D, Ledeganck KJ. Donor-derived cell-free DNA as a biomarker for
rejection after kidney transplantation: a systematic review and meta-analysis. Transpl Int 2020; 33:
1626-1642 [PMID: 32981117 DOIL: 10.1111/tri.13753]

Xiao H, Gao F, Pang Q, Xia Q, Zeng X, Peng J, Fan L, Liu J, Wang Z, Li H. Diagnostic Accuracy of
Donor-derived Cell-free DNA in Renal-allograft Rejection: A Meta-analysis. Transplantation 2021;
105: 1303-1310 [PMID: 32890130 DOI: 10.1097/TP.0000000000003443]

Zhang H, Zheng C, Li X, Fu Q, LiJ, Su Q, Zeng L, Liu Z, Wang J, Huang H, Xu B, Ye M, Liu L,
Wang C. Diagnostic Performance of Donor-Derived Plasma Cell-Free DNA Fraction for Antibody-
Mediated Rejection in Post Renal Transplant Recipients: A Prospective Observational Study. Front
Immunol 2020; 11: 342 [PMID: 32184785 DOI: 10.3389/fimmu.2020.00342]

Friedewald JJ, Kurian SM, Heilman RL, Whisenant TC, Poggio ED, Marsh C, Baliga P, Odim J,
Brown MM, Ikle DN, Armstrong BD, Charette JI, Brietigam SS, Sustento-Reodica N, Zhao L,
Kandpal M, Salomon DR, Abecassis MM; Clinical Trials in Organ Transplantation 08 (CTOT-08).
Development and clinical validity of a novel blood-based molecular biomarker for subclinical acute
rejection following kidney transplant. Am J Transplant 2019; 19: 98-109 [PMID: 29985559 DOI:
10.1111/ajt.15011]

Gielis EM, Ledeganck KJ, Dendooven A, Meysman P, Beirnaert C, Laukens K, De Schrijver J, Van
Laecke S, Van Biesen W, Emonds MP, De Winter BY, Bosmans JL, Del Favero J, Abramowicz D.

WJEM | https://www.wjgnet.com 64 November 20,2021 | Volumel1l | Issue5 |


http://www.ncbi.nlm.nih.gov/pubmed/28280140
https://dx.doi.org/10.1681/ASN.2016091034
http://www.ncbi.nlm.nih.gov/pubmed/30234148
https://dx.doi.org/10.1097/TXD.0000000000000821
http://www.ncbi.nlm.nih.gov/pubmed/30583588
https://dx.doi.org/10.3390/jcm8010019
https://dx.doi.org/10.34067/KID.0003512020
http://www.ncbi.nlm.nih.gov/pubmed/33564715
https://dx.doi.org/10.1097/TXD.0000000000001098
http://www.ncbi.nlm.nih.gov/pubmed/29370268
https://dx.doi.org/10.1371/journal.pone.0191915
http://www.ncbi.nlm.nih.gov/pubmed/28464939
https://dx.doi.org/10.1186/s13075-017-1295-z
http://www.ncbi.nlm.nih.gov/pubmed/30312536
https://dx.doi.org/10.1111/ajt.15142
http://www.ncbi.nlm.nih.gov/pubmed/33001185
https://dx.doi.org/10.1093/clinchem/hvaa175
http://www.ncbi.nlm.nih.gov/pubmed/31062511
https://dx.doi.org/10.1111/ajt.15416
http://www.ncbi.nlm.nih.gov/pubmed/30725531
https://dx.doi.org/10.1111/ajt.15289
http://www.ncbi.nlm.nih.gov/pubmed/30468563
https://dx.doi.org/10.1111/ajt.15192
http://www.ncbi.nlm.nih.gov/pubmed/32526808
https://dx.doi.org/10.1111/tri.13673
http://www.ncbi.nlm.nih.gov/pubmed/32044893
https://dx.doi.org/10.1097/TP.0000000000003084
http://www.ncbi.nlm.nih.gov/pubmed/32981117
https://dx.doi.org/10.1111/tri.13753
http://www.ncbi.nlm.nih.gov/pubmed/32890130
https://dx.doi.org/10.1097/TP.0000000000003443
http://www.ncbi.nlm.nih.gov/pubmed/32184785
https://dx.doi.org/10.3389/fimmu.2020.00342
http://www.ncbi.nlm.nih.gov/pubmed/29985559
https://dx.doi.org/10.1111/ajt.15011

Jaishideng®

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Chopra B et al. Donor-derived cell-free DNA

The use of plasma donor-derived, cell-free DNA to monitor acute rejection after kidney
transplantation. Nephrol Dial Transplant 2020; 35: 714-721 [PMID: 31106364 DOI:
10.1093/ndt/gfz091]

Stites E, Kumar D, Olaitan O, John Swanson S, Leca N, Weir M, Bromberg J, Melancon J, Agha I,
Fattah H, Alhamad T, Qazi Y, Wiseman A, Gupta G. High levels of dd-cfDNA identify patients with
TCMR 1A and borderline allograft rejection at elevated risk of graft injury. Am J Transplant 2020;
20: 2491-2498 [PMID: 32056331 DOIL: 10.1111/ajt.15822]

Kant S, Bromberg J, Haas M, Brennan D. Donor-derived Cell-free DNA and the Prediction of BK
Virus-associated Nephropathy. Transplant Direct 2020; 6: €622 [PMID: 33134498 DOI:
10.1097/TXD.0000000000001061]

Goussous N, Xie W, Dawany N, Scalea JR, Bartosic A, Haririan A, Kalil R, Drachenberg C, Costa N,
Weir MR, Bromberg JS. Donor-derived Cell-free DNA in Infections in Kidney Transplant Recipients:
Case Series. Transplant Direct 2020; 6: ¢568 [PMID: 32766423 DOI:
10.1097/TXD.0000000000001019]

Puttarajappa CM, Mehta RB, Roberts MS, Smith KJ, Hariharan S. Economic analysis of screening
for subclinical rejection in kidney transplantation using protocol biopsies and noninvasive biomarkers.
Am J Transplant 2021; 21: 186-197 [PMID: 32558153 DOI: 10.1111/ajt.16150]

Patel R, Terasaki PI. Significance of the positive crossmatch test in kidney transplantation. N Engl J
Med 1969; 280: 735-739 [PMID: 4886455 DOI: 10.1056/NEJM196904032801401]

Mahoney RJ, Ault KA, Given SR, Adams RJ, Breggia AC, Paris PA, Palomaki GE, Hitchcox SA,
White BW, Himmelfarb J. The flow cytometric crossmatch and early renal transplant loss.
Transplantation 1990; 49: 527-535 [PMID: 2138366 DOI: 10.1097/00007890-199003000-00011]
Pei R, Lee JH, Shih NJ, Chen M, Terasaki PI. Single human leukocyte antigen flow cytometry beads
for accurate identification of human leukocyte antigen antibody specificities. Transplantation 2003;
75: 43-49 [PMID: 12544869 DOI: 10.1097/00007890-200301150-00008]

Ashokkumar C, Shapiro R, Tan H, Ningappa M, Elinoff B, Fedorek S, Sun Q, Higgs BW, Randhawa
P, Humar A, Sindhi R. Allospecific CD154+ T-cytotoxic memory cells identify recipients
experiencing acute cellular rejection after renal transplantation. Transplantation 2011; 92: 433-438
[PMID: 21747326 DOI: 10.1097/TP.0b013e318225276d]

He J, Li Y, Zhang H, Wei X, Zheng H, Xu C, Bao X, Yuan X, Hou J. Immune function assay
(ImmuKnow) as a predictor of allograft rejection and infection in kidney transplantation. Clin
Transplant 2013; 27: E351-E358 [PMID: 23682828 DOI: 10.1111/ctr.12134]

Loupy A, Lefaucheur C, Vernerey D, Prugger C, Duong van Huyen JP, Mooney N, Suberbielle C,
Frémeaux-Bacchi V, Méjean A, Desgrandchamps F, Anglicheau D, Nochy D, Charron D, Empana JP,
Delahousse M, Legendre C, Glotz D, Hill GS, Zeevi A, Jouven X. Complement-binding anti-HLA
antibodies and kidney-allograft survival. N Engl J Med 2013; 369: 1215-1226 [PMID: 24066742
DOI: 10.1056/NEJMoal302506]

Hricik DE, Augustine J, Nickerson P, Formica RN, Poggio ED, Rush D, Newell KA, Goebel J,
Gibson IW, Fairchild RL, Spain K, Iklé D, Bridges ND, Heeger PS; CTOT-01 consortium. Interferon
Gamma ELISPOT Testing as a Risk-Stratifying Biomarker for Kidney Transplant Injury: Results
From the CTOT-01 Multicenter Study. Am J Transplant 2015; 15: 3166-3173 [PMID: 26226830
DOL: 10.1111/ajt.13401]

Roedder S, Sigdel T, Salomonis N, Hsieh S, Dai H, Bestard O, Metes D, Zeevi A, Gritsch A,
Cheeseman J, Macedo C, Peddy R, Medeiros M, Vincenti F, Asher N, Salvatierra O, Shapiro R, Kirk
A, Reed EF, Sarwal MM. The kSORT assay to detect renal transplant patients at high risk for acute
rejection: results of the multicenter AART study. PLoS Med 2014; 11: ¢1001759 [PMID: 25386950
DOI: 10.1371/journal.pmed.1001759]

Aquino-Dias EC, Joelsons G, da Silva DM, Berdichevski RH, Ribeiro AR, Veronese FJ, Gongalves
LF, Manfro RC. Non-invasive diagnosis of acute rejection in kidney transplants with delayed graft
function. Kidney Int 2008; 73: 877-884 [PMID: 18216781 DOI: 10.1038/sj.ki.5002795]

Li B, Hartono C, Ding R, Sharma VK, Ramaswamy R, Qian B, Serur D, Mouradian J, Schwartz JE,
Suthanthiran M. Noninvasive diagnosis of renal-allograft rejection by measurement of messenger
RNA for perforin and granzyme B in urine. N Engl J Med 2001; 344: 947-954 [PMID: 11274620
DOI: 10.1056/NEJM200103293441301]

Hricik DE, Nickerson P, Formica RN, Poggio ED, Rush D, Newell KA, Goebel J, Gibson IW,
Fairchild RL, Riggs M, Spain K, Ikle D, Bridges ND, Heeger PS; CTOT-01 consortium. Multicenter
validation of urinary CXCL9 as a risk-stratifying biomarker for kidney transplant injury. Am J
Transplant 2013; 13: 2634-2644 [PMID: 23968332 DOI: 10.1111/ajt.12426]

Suthanthiran M, Schwartz JE, Ding R, Abecassis M, Dadhania D, Samstein B, Knechtle SJ,
Friedewald J, Becker YT, Sharma VK, Williams NM, Chang CS, Hoang C, Muthukumar T, August P,
Keslar KS, Fairchild RL, Hricik DE, Heeger PS, Han L, Liu J, Riggs M, Ikle DN, Bridges ND,
Shaked A; Clinical Trials in Organ Transplantation 04 (CTOT-04) Study Investigators. Urinary-cell
mRNA profile and acute cellular rejection in kidney allografts. N Engl J Med 2013; 369: 20-31
[PMID: 23822777 DOI: 10.1056/NEJMoal215555]

Renesto PG, Ponciano VC, Cenedeze MA, Saraiva Camara NO, Pacheco-Silva A. High expression of
Tim-3 mRNA in urinary cells from kidney transplant recipients with acute rejection. Am J Transplant
2007; 7: 1661-1665 [PMID: 17430399 DOIL: 10.1111/1.1600-6143.2007.01795.x]

Valujskikh A, Lakkis FG. In remembrance of things past: memory T cells and transplant rejection.
Immunol Rev 2003; 196: 65-74 [PMID: 14617198 DOI: 10.1046/j.1600-065x.2003.00087.x]

WJEM | https://www.wjgnet.com 65 November 20,2021 | Volumel1l | Issue5 |


http://www.ncbi.nlm.nih.gov/pubmed/31106364
https://dx.doi.org/10.1093/ndt/gfz091
http://www.ncbi.nlm.nih.gov/pubmed/32056331
https://dx.doi.org/10.1111/ajt.15822
http://www.ncbi.nlm.nih.gov/pubmed/33134498
https://dx.doi.org/10.1097/TXD.0000000000001061
http://www.ncbi.nlm.nih.gov/pubmed/32766423
https://dx.doi.org/10.1097/TXD.0000000000001019
http://www.ncbi.nlm.nih.gov/pubmed/32558153
https://dx.doi.org/10.1111/ajt.16150
http://www.ncbi.nlm.nih.gov/pubmed/4886455
https://dx.doi.org/10.1056/NEJM196904032801401
http://www.ncbi.nlm.nih.gov/pubmed/2138366
https://dx.doi.org/10.1097/00007890-199003000-00011
http://www.ncbi.nlm.nih.gov/pubmed/12544869
https://dx.doi.org/10.1097/00007890-200301150-00008
http://www.ncbi.nlm.nih.gov/pubmed/21747326
https://dx.doi.org/10.1097/TP.0b013e318225276d
http://www.ncbi.nlm.nih.gov/pubmed/23682828
https://dx.doi.org/10.1111/ctr.12134
http://www.ncbi.nlm.nih.gov/pubmed/24066742
https://dx.doi.org/10.1056/NEJMoa1302506
http://www.ncbi.nlm.nih.gov/pubmed/26226830
https://dx.doi.org/10.1111/ajt.13401
http://www.ncbi.nlm.nih.gov/pubmed/25386950
https://dx.doi.org/10.1371/journal.pmed.1001759
http://www.ncbi.nlm.nih.gov/pubmed/18216781
https://dx.doi.org/10.1038/sj.ki.5002795
http://www.ncbi.nlm.nih.gov/pubmed/11274620
https://dx.doi.org/10.1056/NEJM200103293441301
http://www.ncbi.nlm.nih.gov/pubmed/23968332
https://dx.doi.org/10.1111/ajt.12426
http://www.ncbi.nlm.nih.gov/pubmed/23822777
https://dx.doi.org/10.1056/NEJMoa1215555
http://www.ncbi.nlm.nih.gov/pubmed/17430399
https://dx.doi.org/10.1111/j.1600-6143.2007.01795.x
http://www.ncbi.nlm.nih.gov/pubmed/14617198
https://dx.doi.org/10.1046/j.1600-065x.2003.00087.x

JEM

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5493 / wjem.v11.i5.66

World Journal of
Experimental Medicine

World | Exp Med 2021 November 20; 11(5): 66-78

ISSN 2220-315x (online)

MINIREVIEWS

Potential role of intermittent fasting on decreasing cardiovascular
disease in human immunodeficiency virus patients receiving
antiretroviral therapy

Martin Gnoni, Renato Beas, Anupama Raghuram, Celeste Diaz-Pardavé, Adrian Riva-Moscoso, Fortunato S
Principe-Meneses, Raul Vasquez-Garagatti

ORCID number: Martin Gnoni 0000-
0001-6344-6972; Renato Beas 0000-
0002-3568-8904; Anu Raghuram
0000-0003-0950-1699; Celeste Diaz-
Pardavé 0000-0001-8210-2403;
Adrian Riva-Moscoso 0000-0003-
3498-9614; Fortunato S Principe-
Meneses 0000-0002-0598-4729; Ratl
Vasquez-Garagatti 0000-0002-4333-
2676.

Author contributions: Gnoni M and
Raghuram M contributed to study
conception and design; Gnoni M,
Beas R, Raghuram A, Diaz-Paradav
¢ C, Riva-Moscoso A, Principe-
Meneses FS and Vasquez-Garagatti
R designed the outline and
coordinated the writing of the
paper; all authors wrote the
original manuscript and assisted in
editing; Gnoni M, Riva-Moscoso A,
Principe-Meneses FS, Beas R and D
iaz-Paradavé C prepared the
figures; Gnoni M and Vasquez-
Garagatti R supervised the
majority of the writing and

provided critical reviews.

Conflict-of-interest statement: The
authors declare that there is no
conflict of interest

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external

Jaishideng®

WJEM | https://www.wjgnet.com 66

Martin Gnoni, Department of Internal Medicine, Good Samaritan Hospital, Cincinnati, OH
45220, United States

Martin Gnoni, Anupama Raghuram, Division of Infectious Diseases, Department of Medicine,
University of Louisville Health Sciences Center, Louisville, KY 40202, United States

Renato Beas, Department of Medicine, Indiana University School of Medicine, Indianapolis, IN
46202, United States

Anupama Raghuram, US Medical Affairs, Merck Research Laboratories, Kenilworth, NJ 07033,
United States

Celeste Diaz-Pardavé, Adrian Riva-Moscoso, Fortunato S Principe-Meneses, Division of Research
and Academic Affairs, Larkin Health System, South Miami, FL 33143, United States

Celeste Diaz-Pardavé, School of Medicine, Universidad Cientifica del Sur, Lima 15837, Peru

Adrian Riva-Moscoso, Fortunato S Principe-Meneses, Escuela de Medicina, Universidad Peruana
de Ciencias Aplicadas (UPC), Lima 15067, Peru

Adrian Riva-Moscoso, Fortunato S Principe-Meneses, Sociedad Cientifica de Estudiantes de
Medicina, Universidad Peruana de Ciencias Aplicadas (UPC), Lima 15067, Peru

Raul Vasquez-Garagatti, Hospital Medicine Department and Infectious Diseases, University of
Tennessee Medical Center at Knoxville, Knoxville, TN 37920, United States

Raul Vasquez-Garagatti, Department of Internal Medicine, Cherokee Health, Knoxville, TN
37921, United States

Corresponding author: Adrian Riva-Moscoso, BSc, MS, Research Fellow, Division of Research
and Academic Affairs, Larkin Health System, 7032 SW 62nd Avenue, South Miami, FL 33143,
United States. rivamoscosoadrian@gmail.com

Abstract

Cardiovascular disease (CVD) has become one of the commonest causes of comor-
bidity and mortality among People living with human immunodeficiency virus
(HIV) (PLWH) on antiretroviral therapy (ART). Nearly 50% of PLWH are likely to
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have an increased risk of developing CVD, including coronary heart disease,
cerebrovascular disease, peripheral artery disease and aortic atherosclerosis.
Aside from the common risk factors, HIV infection itself and side effects of
antiretroviral therapy contribute to the pathophysiology of this entity. Potential
non-pharmacological therapies are currently being tested worldwide for this
purpose, including eating patterns such as Intermittent fasting (IF). IF is a
widespread practice gaining high level of interest in the scientific community due
to its potential benefits such as improvement in serum lipids and lipoproteins,
blood pressure (BP), platelet-derived growth factor AB, systemic inflammation,
and carotid artery intima-media thickness among others cardiovascular benefits.
This review will focus on exploring the potential role of intermittent fasting as a
non-pharmacological and cost-effective strategy in decreasing the burden of
cardiovascular diseases among HIV patients on ART due to its intrinsic properties
improving the main cardiovascular risk factors and modulating inflammatory
pathways related to endothelial dysfunction, lipid peroxidation and aging.
Intermittent fasting regimens need to be tested in clinical trials as an important,
cost-effective, and revolutionary coadjutant of ART in the fight against the
increased prevalence of cardiovascular disease in PLWH.

Key Words: Human immunodeficiency virus; Intermittent fasting; Antiretroviral therapys;
Metabolism; Cardiovascular disease; Mortality and morbidity

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Intermittent Fasting of 14-18 h/d (Time Restrictive Feeding) or 2 d fast/5 d
fed (Alternate d Fasting) is a widespread practice that has aroused great interest in the
scientific community. Many reviews have postulated the potential benefits of inter-
mittent fasting in different diseases. It has been shown to improve weight loss,
cardiovascular effects, and glucose metabolism. It consists of periods of strict caloric
restriction alternating with variable feeding schedules. Hence, we aimed to present the
first literature review regarding the role of intermittent fasting as a potential nonphar-
macological and cost-effective strategy in decreasing the burden of cardiovascular
disease among human immunodeficiency virus patients on antiretroviral therapy.

Citation: Gnoni M, Beas R, Raghuram A, Diaz-Pardavé C, Riva-Moscoso A, Principe-Meneses
FS, Vasquez-Garagatti R. Potential role of intermittent fasting on decreasing cardiovascular
disease in human immunodeficiency virus patients receiving antiretroviral therapy. World J Exp
Med 2021; 11(5): 66-78

URL: https://www.wjgnet.com/2220-315x/full/v11/i5/66.htm

DOI: https://dx.doi.org/10.5493/wjem.v11.i5.66

INTRODUCTION

The 2019 Heart Disease and Stroke Statistics update of the American Heart Association
(AHA) reported that 48 percent of persons > 20 years of age in the United States have
some form of Cardiovascular Disease (CVD)[1]. In USA, roughly 16.3 million of people
have Coronary Heart Disease (CHD)[2], secondly with approximately 7 million of
Americans had at least one episode of stroke. Moreover, almost 82.6 million US
citizens present at least one or more forms of CVD[2], which encompasses four major
areas: CHD, cerebrovascular disease, peripheral artery disease and aortic athero-
sclerosis as well as thoracic or abdominal aortic aneurysm[1].

Current data suggest that every 36 s Americans die from CVD, accounting for 1 in 4
deaths in the country[3]. Furthermore, this illness it is characterized as a chronic low
grade inflammatory condition that has atherosclerosis as its most common patho-
logical substrate. In People living with HIV (PLWH), CVD risk has been shown to be
50% higher than in uninfected individuals[4]. Aside from the well-known risk factors
for CVD such as smoking, changes in lipid profile and insulin resistance; HIV infection
itself and some side effects of antiretroviral therapy (ART), especially protease
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inhibitors, are further contributing factors among this population[5-7]. In that sense,
Cardiovascular disease (CVD) has become one of the commonest causes of death in
the PLWH under treatment with virological and immunological control[8].

Intermittent fasting (IF), consisting of periods of strict calorie restriction (CR)
alternating with variable feeding schedules, is a widespread practice gaining high
level of interest in the scientific community and the media followed by millions of
people around the globe[9,10]. Different regimens of intermittent fasting have been
reported in the literature with two of them being the most notorious: Time Restrictive
Feeding (TRF), where the fasting period is about 14-20 h/d, and Alternate d Fasting,
traditionally 2 d fast/5 d fed[9,11,12]. It is important to remark that intermittent fasting
does not necessarily involve limiting the total number of daily calories as in a typical
caloric restriction regimen; therefore, it may be implemented in pathologies that do not
require a reduction in the number of calories ingested[12]. Multiple potential benefits
of IF have been described such as improvement in glucose metabolism and insulin
sensitivity, weight loss, delayed aging, systemic inflammation, beneficial neurocog-
nitive effects and cardiovascular benefits[12,13]. Additional metabolic benefits are still
being investigated with promising paths for future research[12].

To the best of our knowledge, there is a large literature on the benefits of IF in
cardiovascular disease, but none on the case of PLWH. Therefore, we aimed to explore
the potential role of intermittent fasting as a non-pharmacological and cost-effective
strategy in decreasing the burden of cardiovascular diseases among HIV patients on
ART due to its intrinsic properties improving the main CVD risk factors and
modulating the systemic inflammatory state.

EPIDEMIOLOGY

People living with HIV are almost 38 million distributed throughout all the continents
[14]. PLWH on ART are disproportionately affected by an increase in the incidence of
CVD compared with age-matched HIV-negative controls[4]. To date, it is known that
people living with HIV present more than twice increased risk of cardiovascular
disease in general[4,14]. For instance, from 1999 to 2013 the rate of deaths in the US
caused by CVD in PLWH increased from 2% to almost 5%[15]. Furthermore, CVD is
one of the main non-AIDS- related complications, since between 9% and 20% of PLWH
in developed countries are at moderate to high risk of suffering a myocardial
infarction (MI)[16].

Lately, there has been an increase prevalence of smoking in the HIV population
which could be explained by a variety of factors including anxiety and other mental
illnesses, alcohol and illicit drug use, sociodemographic stressors due to social discrim-
ination, increased risk-taking behaviors and impulsiveness, or false perception of
smoking risks[17,18]. It was seen in a Danish study that HIV smokers had a higher
relative risk of suffering a Myocardial infarction (MI) compared to negative controls
[19]. Furthermore, some of the ART regimens that include protease inhibitors (PIs) can
also contribute to the increase in the incidence of CVD[7]. On a different note, the fact
that the Framingham Score underestimates the MI risk in PLWH, which was clearly
observed in a cohort study, complicates even more the early detection and treatment
[20]. The intensity of CVD in HIV patients (measured objectively as Intimal Media
Thickness = IMT) may also be directly related to the HIV duration, meaning that the
arterial damage is most likely accumulative over the years[21]. The accelerated athero-
sclerosis formation is thought to be independent of viral replication (at least in plasma)
and multifactorial[22-26] being the microbial translocation at the level of the Gut-
mucosa one of the main culprits and generators of chronic inflammation[21,27-30].

PATHOPHYSIOLOGY

The increase in the CVD risk on PLWH can be explained due to the significant increase
of systemic inflammation and immune-activation compared to HIV uninfected
controls even in the presence of effective ART (Figure 1). Other identified contributing
factors are increased clotting, altered lipid metabolism, macrophage/T-cell infiltration
of arteries, residual viral replication, direct toxicity of ART, and immune-senescence
[29,31]. Early immune senescence may contribute directly to accelerated CVD since
senescent cells promote the secretion of pro-inflammatory cytokines (termed
"senescent-associated secretory phenotype or SASP")[32]. In that sense, it was found
that elimination of senescent cells from prematurely aged mice prevented aging of
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cardiovascular disease and intermittent fasting potential benefits among People living with human immunodeficiency virus.
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some organs[32]. Also, HIV is associated with decreased levels of antioxidants such as
ascorbic acid, tocopherols, selenium, superoxide dismutase, and glutathione[33,34]
along with an increase in the levels of hydroperoxides and malondialdehyde[35]. In
addition, peroxides and aldehydes are not only passive markers of oxidative stress,
but also really toxic compounds for cells being lipid peroxidation and LDL oxidation
involved in the pathophysiology of CVD[36]. Endothelial dysfunction is associated
with many of the traditional risk factors for atherosclerosis described above. The
endothelial dysfunction is induced by oxidized low density lipoprotein (LDL) and
should be considered as a common final pathway of multiple vascular insults[37]. On
the other hand, metabolic side effects of ART are continuously being updated. Besides
the well described metabolic side effects of some Protease inhibitors, new concerns
regarding weight gain and subsequent metabolic disturbances are raising with the use
of first line drugs such as Tenofovir Alafenamide (TAF) and Integrase strand transfer
inhibitors (Raltegravir, Elvitegravir (EVG), Dolutegravir (DTG), and Bictegravir (BIC)
[38]. The combination of the later generation ISTIs (Dolutegravir and Bictegravir)
along with TAF presents the highest risk[38] (Figure 1).

The genesis of inflammation and immune-activation in PLWH most likely starts at
the Gut-mucosal level early after the infection. It has been extensively studied that
simian immunodeficiency virus SIV (in non-natural hosts) and HIV infection lead to
breaches in the tight junctions between epithelial cells in the gut mucosa that allow
microbial products, and chemokines to cross over[36,39-41]. These abnormalities are
not only anatomical but functional as well. It is well known that bacterial products
from the “gut-microbiome” like lipopolysaccharides (LPS) can stimulate the innate
immune system through the pattern recognition receptors such as toll-like receptors
(TLRs) mainly TLR-4 generating a local and systemic proinflammatory state[36,39].
Actually, it has been shown that an increase in the sCD14 (a soluble marker of
monocyte activation after binding to LPS) predicts early mortality in HIV patients[42].
This finding is the first link between microbial translocation and mortality on HIV
individuals particularly related to CVD.

The increased systemic inflammation and immune-activation in PLWH can be
objectively measured through a specific cytokine profile. In HIV patients on effective
ART with excellent immunological response (CD4 cell count > 500), fibrinogen and C-
reactive protein (CRP) still remain strong and independent predictors of mortality[43].
In addition, interleukin 6 (IL-6), CRP, tumor necrosis factor (TNF), interferon gamma
(IFN-gamma) and D-dimer all remain elevated even after effective ART[44]. It was
shown that elevated CRP and HIV are independently associated with increased
myocardial infarction (MI) risk, and that patients with HIV with increased CRP have a
markedly increased relative risk of MI. Similarly, IL-6 and D-dimer were strongly
related to all-cause mortality in this population[45]. Also, chemokines like interleukin
8 (IL-8), Regulated upon Activation Normal T Cell Expressed and Presumably
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Secreted (RANTES), C-C motif ligand 2 (CCL2), and interferon gamma- induced
protein 10 (IP10) remain elevated in PLWH][46], which is evidence of active recru-
itment of immune cells to the plaque. The above points toward a well-defined
mechanism of accelerated atheromatous formation in PLWH related to systemic
inflammation and local recruitment of inflammatory cells to the atheromatous plaque,
a process that starts off at the level of HIV-associated gut mucosal dysfunction.

INTERMITTENT FASTING AND PREVENTION OF CARDIOVASCULAR
DISEASE IN HUMAN STUDIES: TRANSLATION TO PLWH

Multiple strategies directed to decrease inflammation and immune-activation in
PLWH on effective ART have shown partial and non-definitive results. In an attempt
to look for nutritional and non-pharmacological approaches to face this problem, IF
looks extremely attractive. IF has shown to decrease the CVD risk either directly
(through improvement on the main CV risk factors) or indirectly (decreasing inflam-
mation, immune-activation, immune cells migration, Trimethylamine N-oxide
(TMAO) formation, and local oxidative stress)[12,47,48] (Figure 1). Multiple animal
studies of IF have consistently proven to increase lifespan, decrease inflammation,
treat diabetes and other metabolic diseases, improve cardiovascular health, and
promote innumerable neurocognitive benefits (including neuro-protection against
stroke) which has been described in detail in previous reviews by Mattson, M. and
Longo[47,48]. Even though there is less robust evidence in human studies, multiple
recent clinical trials have proven that IF decreases the overall CV risk through the
improvement of each of its main modifiable risk factors. There is some discussion as to
whether the decrease in the CVD risk with IF is due to its intrinsic characteristics or
due to the weight loss secondary benefits. Of note, a very recent clinical trial showed
the health benefits regardless of the daily calorie intake in a group of patients with
metabolic syndrome[49]. As explained before, the health benefits are beyond weight
loss since IF not necessarily implies a decrease in the daily caloric intake.

Direct Mechanism: improving modifiable traditional CVD risk factors

A recent study showed that a scheduled calorie restriction and IF (24 mo) in healthy,
non-obese individuals was proven to be beneficial in improving risk factors for
cardiovascular and metabolic disease such as visceral adipose tissue mass, ectopic
lipid accumulation, blood pressure, and lipid profile, but improvements in insulin
sensitivity were only transient[50]. Individuals that had been in a prolonged calorie
restriction (CR) program had better outcomes in terms of serum lipids and
lipoproteins, fasting plasma glucose and insulin, blood pressure (BP), high-sensitivity
C-reactive protein (CRP), platelet-derived growth factor AB (PDGF-AB), body
composition, and carotid artery intima-media thickness (IMT). Importantly, patients
that were in the CR group had 40% less IMT, which is an important surrogate for
coronary artery disease[51] (Figure 2). A very recent comprehensive review by
Mattson M et al[52] showed that IF improves multiple indicators of cardiovascular
health including blood pressure, resting heart rate, LDL and HDL levels, cholesterol,
triglycerides, glucose and insulin resistance. The same review encouraged practi-
tioners to start applying this strategy to patient care always under close professional
supervision and progressively over weeks or months. Another recent study (single-
arm, paired-sample trial) showed that 19 participants with metabolic syndrome who
were exposed to a TRF (Time Restricted Feeding) protocol on which they ate for only
10 h, showed significant improvements in health indicators including: weight loss;
reduced waist circumference, percent body fat, and visceral fat; reduced blood
pressure, atherogenic lipids, and glycated hemoglobin[49]. Since PLWH are dispropor-
tionately affected by the traditional reversible CV risk factors IF could provide a
significant improvement of health indicators, improvement in quality of life, and a
marked reduction in the risk of CVD (Figure 2).

Indirect mechanisms

Indirectly, IF can decrease the CVD risk in PLWH through the decrease in systemic
inflammation, reduction of lipid peroxidation, decrease in Trimethylamine N-oxide
(TMAO), promotion of autophagy of cellular debris, and decrease in oxidative stress
which in turn, shall decrease the accelerated atheroma plaque formation (Figure 3). It
is important to clarify that even though IF showed much of its anti-inflammatory
properties in animal studies, HIV patients present inflammatory levels way above the
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Figure 2 Summary of the potential benefits of the direct intermittent fasting pathway among People living with human immunodeficiency
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Figure 3 Summary of the potential benefits of the indirect intermittent fasting pathway among People living with human immun-
odeficiency virus.

Carotid artery intima-media
thickness (IMT)

mean levels compared with HIV negative controls which means that any change may
correlate with a significant decrease in the CVD risk and clinical events. Trime-
thylamine N-oxide is an amine oxide produced in humans by intestinal microbiota
from excess trimethylamine (TMA), and intermediate of choline metabolism. It has
been linked to increase inflammation in adipose tissue and accelerate atherosclerosis
[53]. A mean level of 14.3 ng of TMAOQO during fasting versus a baseline mean of 27.1
ng in control subjects (P = 0.019) was found in an IF study in humans[54], which
means than IF can have implications on decreasing inflammation in the atheromatous
plaque not only by decreasing the recruitment of activated monocytes but by
decreasing the TMAO levels.
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This ancient mechanism was probably not only created to use alternative sources of
energy when food is lacking but also to clear cells from toxic molecules, reactive
oxygen species (ROS), deoxyribonucleic acid (DNA) damage, and cellular debris
probably through autophagy. As we explained above, oxidative stress and decreased
antioxidants with lipid peroxidation is important for the plaque formation (Figure 3).
The anti-atheroma formation mechanisms of IF may be mediated through: Possible
endothelial improved cellular stress adaptation to ischemia and inflammation (mainly
against ROS generation), decreased DNA damage, decreased inflammation, decrease
recruitment of immune cells, decrease mammalian target of rapamycin (mTOR)
expression[47], and promoting autophagy. In rats exposed to IF in stroke experimental
models (which causes brain inflammation), decreases of Interleukin 1 beta (IL1-b),
TNEF-alpha, IL-6, and suppression of the "inflammasome" was observed[55]. IF also
resulted in reduced levels of messenger ribonucleic acid (mRNAs) encoding the LPS
receptor TLR4 and inducible nitric oxide synthase (iNOS) in the hippocampus of rats
exposed to systemic LPS. Moreover, in another study IF prevented the LPS-induced
elevation of IL-1a, IL-1b, IFN-y, RANTES, TNF-a and IL-6[56]. Those two studies could
have implications to decrease the LPS-driven activation of TLRs in innate immune
cells, and, hence, gut inflammation in PLWH. The decrease in the gut inflammation
shall decrease monocyte activation, migration, and generation of CD14’s, which is
directly implicated in the accelerated atheromatous plaque formation (Figure 3). IF
could interrupt the "Gut-Heart axis" and significantly decrease the endothelial
dysfunction. Following the same line of thoughts, IF may also inhibit the development
of the atheroma plaque in HIV patients by reducing the local concentration of inflam-
matory markers, such as IL-6, homocysteine, and CRP, and, at the same time,
decreasing the migration of immune cells to the subendothelial area through the
increase of adiponectin[57]. Recently was shown that isocaloric TRF (Time Restricted
Feeding) during 8 wk in males, reduced many markers of inflammation such as TNF
alpha, IL-6, and IL-1b, and, increased adiponectin (an anti-inflammatory cytokine)
[58]. Considering that this was a study in healthy human subjects and due to the fact
that the HIV patients on ART have much higher levels of inflammation, the decrease
in the CVD risk could be clinically significant. There are no theoretical biological
barriers for which the above physiologic events would not happen in PLWH exposed
to IF.

To understand the pathophysiology of chronic inflammation some big players need
to be explained more in detail. The NLRP3 inflammasome is a multiprotein platform
which is activated by infection (including HIV) or some sort of cellular stress
(including ischemia). Its activation leads to caspase-1-dependent secretion of
proinflammatory cytokines like interleukin-1f (IL-1B) and IL-18, and leads to an
inflammatory form of cell death termed as “Pyroptosis”[59]. The inflammasome
activation as a generator of inflammation will contribute to the increased CVD risk.
The inflammasome can be activated directly by HIV through TLR8 activation after
contact with viral RNA[46] but also by other TLRs-mediated pathways (like TLR4 with
LPS in the gut mucosa as explained above). It was proved that the ketone bodies B-
hydroxybutyrate (BHB) and acetoacetate, both elevated during starvation, inhibits the
NLRP3 inflammasome. BHB and acetoacetate were shown to reduce the NLRP3
inflammasome-mediated interleukin (IL)-1B and IL-18 production in human
monocytes[60] which will be extremely important for latently-HIV-infected monocytes
to prevent activation and further recruitment with migration to the atheroma plaque.
In another experimental model in rats with an experimentally induced stroke (which
causes local inflammation), IF could attenuate the inflammatory response and tissue
damage by suppressing NLRP1 and NLRP3 inflammasome activity[61]. A stressed
Endoplasmic Reticulum (ER) is known to generate ROS which, in turn, activates the
NLRP3 inflammasome and secretion of IL-1b. A recent study in rats also showed a
potential therapeutic role of B-hydroxybutyrate in suppressing the ER (stressed)-
induced inflammasome activation[62]. It was revealing the study that showed that
patients with Rheumatoid Arthritis (RA) had significant clinical improvement (pain
and inflammation) after a period of fasting if a vegetarian diet was followed thereafter
[63]. Another study in overweight asthmatic female patients exposed to IF showed a
significant decrease in the levels of TNF-alpha and markers of oxidative stress (8-
isoprostane, nitrotyrosine, protein carbonyls, and 4-hydroxynonenal adducts) with
improved clinical response. It showed that prolonged fasting blunted the NLRP3
inflammasome and T Helper 2 (Th2) cell activation in steroid-naive asthmatics as well
as diminished the airway epithelial cell cytokine production[64]. These two studies
highlight the possibility of using the “survival-mode” of IF to fight chronic inflam-
matory conditions, which, in turn, promote accelerated aging and CVD. In fact, HIV is
a perfect example of a chronic inflammatory disease. We think that in all these
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conditions (RA, Asthma, and HIV) the baseline level of inflammation is so high that
any change will have significant clinical implications. There is no reason to think that
the decreased levels of inflammation seen in these two studies will not be translated to
PLWH, and, actually, it may be exacerbated. The decrease in the migration of inflam-
matory cells to the atheromatous plaque during IF is due to the decrease in the
expression of the vascular cell adhesion molecule 1 (VCAM-1), endothelial-leukocyte
adhesion molecule 1 (ELAM-1), and intercellular adhesion molecule 1 (ICAM-1) on
vascular endothelial cells - all molecules highly implicated in the pathogenesis of
atherosclerosis-[57]. Migration and trafficking of activated immune cells are highly
involved in the pathogenesis of CVD in PLWH (Figure 4). Interestingly, Proteobacteria
was identified as one of the main producers of TMAO which is increased in the
dysbiosis caused by HIV[53]. IF may in fact cause a reversal of the HIV- associated -
dysbiosis with decrease in the Proteobacterias (mainly inflammatory and Pro-
glycolytic) with possible switch to a healthier microbiome (with less production of
TMADO) like Lactobacillus and Firmicutes (Figures 3 and 4).

OTHER DIETARY REGIMENS AND HIV

Different dietary regimens have been evaluated with mixed results in PLWH on ART.
A recent systematic review explored the potential benefits of micronutrients including
but not limited to Vitamin A, D, Zinc, and Selenium[65]. The administration consisted
in either each macronutrient or in combination. However, after a period of follow up
to 6-18 mo, the study revealed minimal or no relevant benefits[65]. Another study
compiled the interventions of some diets such as low-fat diet, hypocaloric diet, omega-
3 fatty acids, carnitine, micronutrient supplements, formula, amino acids, uridine,
among others, on HIV-infected patients receiving combination antiretroviral therapies.
Where oral nutrition support (protein and energy intake) has been demonstrated to
promote weight gain and fat mass overall[66]. Besides this, formula supplementation
has not demonstrated further benefits. Whereas amino acids in combination showed to
increase lean body mass in HIV-infected patients undergoing weight loss. The use of a
low-fat diet was suggested to be implemented carefully and tailored accordingly in
order to avoid a severe reduction in body mass[66,67]. Despite the paucity of
controlled randomized trials with larger sample sizes, above results in small but
significant findings. Further larger randomized blinded clinical trials are needed to
ensure confirmatory results.

When it comes to assessing diet adherence among PLWH, it was previously seen in
a study that overweighted HIV positive individuals tend to have a higher adherence to
Mediterranean diet compared to the rest of the group[68]. It is hypothesized that due
to the moderate risk of CVD and a diagnosis of metabolic syndrome, there is an
increased awareness towards a healthier food pattern to avoid further complications
[68]. In that sense, when introducing IF to PLWH we believe that adherence will not be
a real problem indeed and PLWH with higher risk factors would be more prone to
adhere to the new dietary regimen. Nevertheless, nutritional education strategies
should be implemented early and routinely to optimize adherence among patients.

FUTURE TRIALS IN PLWH AND POTENTIAL CLINICAL IMPLICATIONS

To the best of our knowledge this is the first review addressing the possibility of
applying IF in PLWH on effective ART. Due to the evidence presented above and due
to the fact that PLWH are aging with increased prevalence of CVD, IF strategies need
to be tested in clinical trials through proof-of-concept studies or large prospective
randomized clinical trials. There are no obvious absolute contraindications that we can
think of besides the obvious harm associated with extreme weight loss in patients with
AIDS and wasting syndrome being off ART. Inclusion and exclusion criteria will need
to be carefully defined in prospective clinical trials in order to be safe.

IF studies did not include pregnant women and were not tested in the extremes of
age (pediatrics or frail elderly subjects) in which case its use is discouraged and the
possible consequences are unknown. One caveat is that some HIV medications needs
to be ingested with food and not on an empty stomach, but given the posology of
current antiretrovirals (1 or two pills a d usually once daily in naive patients) the
recommendation would be to take the medication when the patient ingest the first
meal of the d (when the patient "breaks the fast"). In the case of more complex regimens
in PLWH with multidrug resistance and twice daily regimens personal accommod-
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ations will need to be taken into account. Monthly injections of Cabotegravir and
Rilpivirine were recently approved on which case IF protocols will be easier. However,
first line initial regimens for most people with HIV -which generally consists of the
combination of two nucleoside reverse transcriptase inhibitors (NRTIs) with an
integrase strand transfer inhibitor (INSTI)-, suggest to use the combination of
Bictegravir, Tenofovir alafenamide and Emtricitabine (BIC/TAF/FTC)[69]. Current
indications from the Food and Drug Administration (FDA) suggest taking the drugs
with or without food[70-72]. Rilpivirine (oral formulation only) regimens, in the
contrary, will require a high caloric meal to increase its absorption when the feeding
window starts.

Ruling out any impediment with the practice of IF within these patients. Of note,
this strategy that we propose will need to be applied only to PLWH on stable ART
with immunological and virological response (< 20 copies in two different occasions at
least 6 mo apart in a stable regimen with good CD4 response which is not well defined
but definitely more than 200 cells or more than 14%), without active opportunistic
infections, active malignancy, malnourishment, or any other chronic debilitating
disease. The inclusion and exclusion criteria will need to be clarified in detail by future
investigations since this is a new concept so far unexplored. For sure, pregnancy and
extremes of age with frailty and weight loss will be excluded during the initial trials.

CONCLUSION

The burden of Cardiovascular Diseases among HIV patients on ART is continuously
growing. Intermittent fasting, through direct and indirect mechanisms, could play a
role in the management and prevention of CVD among PLWH on ART. If these
concepts are proven to be true in future clinical trials IF could be considered as an
extremely important, cost-effective and revolutionary coadjutant of ART in the fight
against the increased prevalence of CVD in PLWH which could, in turn, improve
survival, decrease CV clinical events, and improve quality of life. Therefore, we
recommend further longitudinal and experimental studies to ensure the safety,
efficacy and effectiveness of IF on CVD among PLWH.

REFERENCES

1 Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, Chamberlain AM,

WJEM | https://www.wjgnet.com 74 November 20,2021 | Volumel1l | Issue5 |



Jaishideng®

11

12

13

14

16

17

18

20

21

WJEM | https://www.wjgnet.com 75

Gnoni M et al. Intermittent fasting in HIV patients

Chang AR, Cheng S, Delling FN, Djousse L, Elkind MSV, Ferguson JF, Fornage M, Khan SS,
Kissela BM, Knutson KL, Kwan TW, Lackland DT, Lewis TT, Lichtman JH, Longenecker CT, Loop
MS, Lutsey PL, Martin SS, Matsushita K, Moran AE, Mussolino ME, Perak AM, Rosamond WD,
Roth GA, Sampson UKA, Satou GM, Schroeder EB, Shah SH, Shay CM, Spartano NL, Stokes A,
Tirschwell DL, VanWagner LB, Tsao CW; American Heart Association Council on Epidemiology
and Prevention Statistics Committee and Stroke Statistics Subcommittee. Heart Disease and Stroke
Statistics-2020 Update: A Report From the American Heart Association. Circulation 2020; 141:
€139-e596 [PMID: 31992061 DOI: 10.1161/CIR.0000000000000757]

Institute of Medicine (US) Committee on a National Surveillance System for Cardiovascular, Select
Chronic Diseases. Cardiovascular Disease. Washington D.C., DC, United States of America: National
Academies Press; 2011

CDC. Heart disease facts. Cdc.gov. [cited 14 August 2021]. Available from:
https://www.cdc.gov/heartdisease/facts.htm

Escarcega RO, Franco JJ, Mani BC, Vyas A, Tedaldi EM, Bove AA. Cardiovascular disease in
patients with chronic human immunodeficiency virus infection. Int J Cardiol 2014;175: 1-7 [PMID:
24798779 DOI: 10.1016/j.ijcard.2014.04.155]

Shahbaz S, Manicardi M, Guaraldi G, Raggi P. Cardiovascular disease in human immunodeficiency
virus infected patients: A true or perceived risk? World J Cardiol 2015; 7: 633-644 [PMID:
26516417 DOI: 10.4330/wjc.v7.110.633]

Lucas S, Nelson AM. HIV and the spectrum of human disease. J Pathol 2015; 235: 229-241 [PMID:
25251832 DOI: 10.1002/path.4449]

Ryom L, Lundgren JD, El-Sadr W, Reiss P, Kirk O, Law M, Phillips A, Weber R, Fontas E, d'
Arminio Monforte A, De Wit S, Dabis F, Hatleberg CI, Sabin C, Mocroft A; D:A:D study group.
Cardiovascular disease and use of contemporary protease inhibitors: the D:A:D international
prospective multicohort study. Lancet HIV 2018; 5: €291-e300 [PMID: 29731407 DOI:
10.1016/S2352-3018(18)30043-2]

Croxford S, Kitching A, Desai S, Kall M, Edelstein M, Skingsley A, Burns F, Copas A, Brown AE,
Sullivan AK, Delpech V. Mortality and causes of death in people diagnosed with HIV in the era of
highly active antiretroviral therapy compared with the general population: an analysis of a national
observational cohort. Lancet Public Health 2017, 2: e35-e46 [PMID: 29249478 DOI:
10.1016/S2468-2667(16)30020-2]

Patterson RE, Sears DD. Metabolic Effects of Intermittent Fasting. Annu Rev Nutr 2017; 37: 371-
393 [PMID: 28715993 DOI: 10.1146/annurev-nutr-071816-064634]

Levy E, Chu T. Intermittent Fasting and Its Effects on Athletic Performance: A Review. Curr Sports
Med Rep 2019; 18: 266-269 [PMID: 31283627 DOI: 10.1249/JSR.0000000000000614]

Chung H, Chou W, Sears DD, Patterson RE, Webster NJ, Ellies LG. Time-restricted feeding
improves insulin resistance and hepatic steatosis in a mouse model of postmenopausal obesity.
Metabolism 2016; 65: 1743-1754 [PMID: 27832862 DOI: 10.1016/j.metabol.2016.09.006]

Dong TA, Sandesara PB, Dhindsa DS, Mehta A, Arneson LC, Dollar AL, Taub PR, Sperling LS.
Intermittent Fasting: A Heart Healthy Dietary Pattern? Am J Med 2020; 133: 901-907 [PMID:
32330491 DOI: 10.1016/j.amjmed.2020.03.030]

Stockman MC, Thomas D, Burke J, Apovian CM. Intermittent Fasting: Is the Wait Worth the
Weight? Curr Obes Rep 2018; 7: 172-185 [PMID: 29700718 DOI: 10.1007/s13679-018-0308-9]
So-Armah K, Benjamin LA, Bloomfield GS, Feinstein MJ, Hsue P, Njuguna B, Freiberg MS. HIV
and cardiovascular disease. Lancet HIV 2020; 7: €279-¢293 [PMID: 32243826 DOI:
10.1016/52352-3018(20)30036-9]

Alonso A, Barnes AE, Guest JL, Shah A, Shao 1Y, Marconi V. HIV Infection and Incidence of
Cardiovascular Diseases: An Analysis of a Large Healthcare Database. J Am Heart Assoc 2019; 8:
e012241 [PMID: 31266386 DOI: 10.1161/JAHA.119.012241]

Petoumenos K, Worm SW. HIV infection, aging and cardiovascular disease: epidemiology and
prevention. Sex Health 2011; 8: 465-473 [PMID: 22127031 DOI: 10.1071/SH11020]

Kodidela S, Ranjit S, Sinha N, McArthur C, Kumar A, Kumar S. Cytokine profiling of exosomes
derived from the plasma of HIV-infected alcohol drinkers and cigarette smokers. PLoS One 2018; 13:
€0201144 [PMID: 30052665 DOI: 10.1371/journal.pone.0201144]

Giles ML, Gartner C, Boyd MA. Smoking and HIV: what are the risks and what harm reduction
strategies do we have at our disposal? AIDS Res Ther 2018; 15: 26 [PMID: 30541577 DOI:
10.1186/s12981-018-0213-7]

Rasmussen LD, Helleberg M, May MT, Afzal S, Kronborg G, Larsen CS, Pedersen C, Gerstoft J,
Nordestgaard BG, Obel N. Myocardial infarction among Danish HIV-infected individuals:
population-attributable fractions associated with smoking. Clin Infect Dis 2015; 60: 1415-1423
[PMID: 25595744 DOI: 10.1093/cid/civ013]

Law MG, Friis-Mgller N, El-Sadr WM, Weber R, Reiss P, D'Arminio Monforte A, Thiébaut R,
Morfeldt L, De Wit S, Pradier C, Calvo G, Kirk O, Sabin CA, Phillips AN, Lundgren JD; D:A:D
Study Group. The use of the Framingham equation to predict myocardial infarctions in HIV-infected
patients: comparison with observed events in the D:A:D Study. HIV Med 2006; 7: 218-230 [PMID:
16630034 DOIL: 10.1111/5.1468-1293.2006.00362.x]

Desvarieux M, Boccara F, Meynard JL, Bastard JP, Mallat Z, Charbit B, Demmer RT, Haddour N,
Fellahi S, Tedgui A, Cohen A, Capeau J, Boyd A, Girard PM. Infection duration and inflammatory
imbalance are associated with atherosclerotic risk in HIV-infected never-smokers independent of

November 20,2021 | Volumel1l | Issue5


http://www.ncbi.nlm.nih.gov/pubmed/31992061
https://dx.doi.org/10.1161/CIR.0000000000000757
https://www.cdc.gov/heartdisease/facts.htm
http://www.ncbi.nlm.nih.gov/pubmed/24798779
https://dx.doi.org/10.1016/j.ijcard.2014.04.155
http://www.ncbi.nlm.nih.gov/pubmed/26516417
https://dx.doi.org/10.4330/wjc.v7.i10.633
http://www.ncbi.nlm.nih.gov/pubmed/25251832
https://dx.doi.org/10.1002/path.4449
http://www.ncbi.nlm.nih.gov/pubmed/29731407
https://dx.doi.org/10.1016/S2352-3018(18)30043-2
http://www.ncbi.nlm.nih.gov/pubmed/29249478
https://dx.doi.org/10.1016/S2468-2667(16)30020-2
http://www.ncbi.nlm.nih.gov/pubmed/28715993
https://dx.doi.org/10.1146/annurev-nutr-071816-064634
http://www.ncbi.nlm.nih.gov/pubmed/31283627
https://dx.doi.org/10.1249/JSR.0000000000000614
http://www.ncbi.nlm.nih.gov/pubmed/27832862
https://dx.doi.org/10.1016/j.metabol.2016.09.006
http://www.ncbi.nlm.nih.gov/pubmed/32330491
https://dx.doi.org/10.1016/j.amjmed.2020.03.030
http://www.ncbi.nlm.nih.gov/pubmed/29700718
https://dx.doi.org/10.1007/s13679-018-0308-9
http://www.ncbi.nlm.nih.gov/pubmed/32243826
https://dx.doi.org/10.1016/S2352-3018(20)30036-9
http://www.ncbi.nlm.nih.gov/pubmed/31266386
https://dx.doi.org/10.1161/JAHA.119.012241
http://www.ncbi.nlm.nih.gov/pubmed/22127031
https://dx.doi.org/10.1071/SH11020
http://www.ncbi.nlm.nih.gov/pubmed/30052665
https://dx.doi.org/10.1371/journal.pone.0201144
http://www.ncbi.nlm.nih.gov/pubmed/30541577
https://dx.doi.org/10.1186/s12981-018-0213-z
http://www.ncbi.nlm.nih.gov/pubmed/25595744
https://dx.doi.org/10.1093/cid/civ013
http://www.ncbi.nlm.nih.gov/pubmed/16630034
https://dx.doi.org/10.1111/j.1468-1293.2006.00362.x

Gnoni M et al. Intermittent fasting in HIV patients

Jaishideng®

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

antiretroviral therapy. AIDS 2013; 27: 2603-2614 [PMID: 24100713 DOI:
10.1097/QAD.0b013e3283634819]

Babu H, Ambikan AT, Gabriel EE, Svensson Akusjérvi S, Palaniappan AN, Sundaraj V, Mupanni
NR, Sperk M, Cheedarla N, Sridhar R, Tripathy SP, Nowak P, Hanna LE, Neogi U. Systemic
Inflammation and the Increased Risk of Inflamm-Aging and Age-Associated Diseases in People
Living With HIV on Long Term Suppressive Antiretroviral Therapy. Front Immunol 2019; 10: 1965
[PMID: 31507593 DOI: 10.3389/fimmu.2019.01965]

Effros RB, Fletcher CV, Gebo K, Halter JB, Hazzard WR, Horne FM, Huebner RE, Janoff EN,
Justice AC, Kuritzkes D, Nayfield SG, Plaeger SF, Schmader KE, Ashworth JR, Campanelli C,
Clayton CP, Rada B, Woolard NF, High KP. Aging and infectious diseases: workshop on HIV
infection and aging: what is known and future research directions. Clin Infect Dis 2008; 47: 542-553
[PMID: 18627268 DOI: 10.1086/590150]

Gaardbo JC, Hartling HJ, Gerstoft J, Nielsen SD. Incomplete immune recovery in HIV infection:
mechanisms, relevance for clinical care, and possible solutions. Clin Dev Immunol 2012;2012:
670957 [PMID: 22474480 DOI: 10.1155/2012/670957]

Gnoni M FS, Blatt S, Fernandez H and Ramirez JA. Sources for Inflammation and Accelerated
Aging in Well Controlled HIV Patients on Antiretroviral Therapy. J Infect Dis Ther 2015; 3: 5 [DOI:
10.4172/2332-0877.1000239]

Zicari S, Sessa L, Cotugno N, Ruggiero A, Morrocchi E, Concato C, Rocca S, Zangari P, Manno EC,
Palma P. Immune Activation, Inflammation, and Non-AIDS Co-Morbidities in HIV-Infected Patients
under Long-Term ART. Viruses 2019; 11 [PMID: 30818749 DOI: 10.3390/v11030200]

Deeks SG, Tracy R, Douek DC. Systemic effects of inflammation on health during chronic HIV
infection. Immunity 2013;39: 633-645 [PMID: 24138880 DOI: 10.1016/j.immuni.2013.10.001]
Fitch KV, Srinivasa S, Abbara S, Burdo TH, Williams KC, Eneh P, Lo J, Grinspoon SK.
Noncalcified coronary atherosclerotic plaque and immune activation in HIV-infected women. J Infect
Dis 2013; 208: 1737-1746 [PMID: 24041790 DOI: 10.1093/infdis/jit508]

Hsue PY, Deeks SG, Hunt PW. Immunologic basis of cardiovascular disease in HIV-infected adults.
J Infect Dis 2012; 205 Suppl 3: S375-S382 [PMID: 22577211 DOI: 10.1093/infdis/jis200]

Piconi S, Parisotto S, Rizzardini G, Passerini S, Meraviglia P, Schiavini M, Niero F, Biasin M,
Bonfanti P, Ricci ED, Trabattoni D, Clerici M. Atherosclerosis is associated with multiple pathogenic
mechanisms in HIV-infected antiretroviral-naive or treated individuals. AIDS 2013; 27: 381-389
[PMID: 23079800 DOI: 10.1097/QAD.0b013e32835abcc9]

Hsue PY. Mechanisms of Cardiovascular Disease in the Setting of HIV Infection. Can J Cardiol
2019; 35: 238-248 [PMID: 30825947 DOI: 10.1016/j.cjca.2018.12.024]

Coppé JP, Desprez PY, Krtolica A, Campisi J. The senescence-associated secretory phenotype: the
dark side of tumor suppression. Annu Rev Pathol 2010; 5: 99-118 [PMID: 20078217 DOI:
10.1146/annurev-pathol-121808-102144]

Jacob BA, Porter KM, Elms SC, Cheng PY, Jones DP, Sutliff RL. HIV-1-induced pulmonary
oxidative and nitrosative stress: exacerbated response to endotoxin administration in HIV-1 transgenic
mouse model. Am J Physiol Lung Cell Mol Physiol 2006; 291: L811-L819 [PMID: 16728526 DOI:
10.1152/ajplung.00468.2005]

Pace GW, Leaf CD. The role of oxidative stress in HIV disease. Free Radic Biol Med 1995;19: 523-
528 [PMID: 7590404 DOI: 10.1016/0891-5849(95)00047-2]

Coaccioli S, Crapa G, Fantera M, Del Giorno R, Lavagna A, Standoli ML, Frongillo R, Biondi R,
Puxeddu A. Oxidant/antioxidant status in patients with chronic HIV infection. Clin Ter 2010; 161:
55-58 [PMID: 20393680]

Estes JD, Harris LD, Klatt NR, Tabb B, Pittaluga S, Paiardini M, Barclay GR, Smedley J, Pung R,
Oliveira KM, Hirsch VM, Silvestri G, Douek DC, Miller CJ, Haase AT, Lifson J, Brenchley JM.
Damaged intestinal epithelial integrity linked to microbial translocation in pathogenic simian
immunodeficiency virus infections. PLoS Pathog 2010; 6: €1001052 [PMID: 20808901 DOI:
10.1371/journal.ppat.1001052]

Anderson TJ, Meredith IT, Charbonneau F, Yeung AC, Frei B, Selwyn AP, Ganz P. Endothelium-
dependent coronary vasomotion relates to the susceptibility of LDL to oxidation in humans.
Circulation 1996; 93: 1647-1650 [PMID: 8653869 DOI: 10.1161/01.¢ir.93.9.1647]

Bailin SS, Gabriel CL, Wanjalla CN, Koethe JR. Obesity and Weight Gain in Persons with HIV. Curr
HIV/AIDS Rep 2020; 17: 138-150 [PMID: 32072466 DOI: 10.1007/s11904-020-00483-5]

Zadina JE, Banks WA, Kastin AJ. Central nervous system effects of peptides, 1980-1985: a cross-
listing of peptides and their central actions from the first six years of the journal Peptides. Peptides
1986; 7: 497-537 [PMID: 3534808 DOI: 10.1016/1.tim.2012.09.001]

Reus S, Portilla J, Sanchez-Paya J, Giner L, Francés R, Such J, Boix V, Merino E, Gimeno A. Low-
level HIV viremia is associated with microbial translocation and inflammation. J Acquir Immune
Defic Syndr 2013; 62: 129-134 [PMID: 23018379 DOI: 10.1097/QAI1.0b013e3182745ab0]

Vassallo M, Mercié P, Cottalorda J, Ticchioni M, Dellamonica P. The role of lipopolysaccharide as a
marker of immune activation in HIV-1 infected patients: a systematic literature review. Virol J 2012;
9: 174 [PMID: 22925532 DOI: 10.1186/1743-422X-9-174]

Lederman MM, Funderburg NT, Sekaly RP, Klatt NR, Hunt PW. Residual immune dysregulation
syndrome in treated HIV infection. Adv Immunol 2013; 119: 51-83 [PMID: 23886064 DOI:
10.1016/B978-0-12-407707-2.00002-3]

Tien PC, Choi Al, Zolopa AR, Benson C, Tracy R, Scherzer R, Bacchetti P, Shlipak M, Grunfeld C.

WJEM | https://www.wjgnet.com 76 November 20,2021 | Volumel1l | Issue5 |


http://www.ncbi.nlm.nih.gov/pubmed/24100713
https://dx.doi.org/10.1097/QAD.0b013e3283634819
http://www.ncbi.nlm.nih.gov/pubmed/31507593
https://dx.doi.org/10.3389/fimmu.2019.01965
http://www.ncbi.nlm.nih.gov/pubmed/18627268
https://dx.doi.org/10.1086/590150
http://www.ncbi.nlm.nih.gov/pubmed/22474480
https://dx.doi.org/10.1155/2012/670957
https://dx.doi.org/10.4172/2332-0877.1000239
http://www.ncbi.nlm.nih.gov/pubmed/30818749
https://dx.doi.org/10.3390/v11030200
http://www.ncbi.nlm.nih.gov/pubmed/24138880
https://dx.doi.org/10.1016/j.immuni.2013.10.001
http://www.ncbi.nlm.nih.gov/pubmed/24041790
https://dx.doi.org/10.1093/infdis/jit508
http://www.ncbi.nlm.nih.gov/pubmed/22577211
https://dx.doi.org/10.1093/infdis/jis200
http://www.ncbi.nlm.nih.gov/pubmed/23079800
https://dx.doi.org/10.1097/QAD.0b013e32835abcc9
http://www.ncbi.nlm.nih.gov/pubmed/30825947
https://dx.doi.org/10.1016/j.cjca.2018.12.024
http://www.ncbi.nlm.nih.gov/pubmed/20078217
https://dx.doi.org/10.1146/annurev-pathol-121808-102144
http://www.ncbi.nlm.nih.gov/pubmed/16728526
https://dx.doi.org/10.1152/ajplung.00468.2005
http://www.ncbi.nlm.nih.gov/pubmed/7590404
https://dx.doi.org/10.1016/0891-5849(95)00047-2
http://www.ncbi.nlm.nih.gov/pubmed/20393680
http://www.ncbi.nlm.nih.gov/pubmed/20808901
https://dx.doi.org/10.1371/journal.ppat.1001052
http://www.ncbi.nlm.nih.gov/pubmed/8653869
https://dx.doi.org/10.1161/01.cir.93.9.1647
http://www.ncbi.nlm.nih.gov/pubmed/32072466
https://dx.doi.org/10.1007/s11904-020-00483-5
http://www.ncbi.nlm.nih.gov/pubmed/3534808
https://dx.doi.org/10.1016/j.tim.2012.09.001
http://www.ncbi.nlm.nih.gov/pubmed/23018379
https://dx.doi.org/10.1097/QAI.0b013e3182745ab0
http://www.ncbi.nlm.nih.gov/pubmed/22925532
https://dx.doi.org/10.1186/1743-422X-9-174
http://www.ncbi.nlm.nih.gov/pubmed/23886064
https://dx.doi.org/10.1016/B978-0-12-407707-2.00002-3

Jaishideng®

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

Gnoni M et al. Intermittent fasting in HIV patients

Inflammation and mortality in HIV-infected adults: analysis of the FRAM study cohort. J Acquir
Immune Defic Syndr 2010; 55: 316-322 [PMID: 20581689 DOI: 10.1097/QAI1.0b013e3181e66216]
Mudd JC, Brenchley JM. Gut Mucosal Barrier Dysfunction, Microbial Dysbiosis, and Their Role in
HIV-1 Disease Progression. J Infect Dis 2016; 214 Suppl 2: S58-S66 [PMID: 27625432 DOI:
10.1093/infdis/jiw258]

Kuller LH, Tracy R, Belloso W, De Wit S, Drummond F, Lane HC, Ledergerber B, Lundgren J,
Neuhaus J, Nixon D, Paton NI, Neaton JD; INSIGHT SMART Study Group. Inflammatory and
coagulation biomarkers and mortality in patients with HIV infection. PLoS Med 2008; 5: €203
[PMID: 18942885 DOI: 10.1371/journal.pmed.0050203]

Aounallah M, Dagenais-Lussier X, El-Far M, Mehraj V, Jenabian MA, Routy JP, van Grevenynghe
J. Current topics in HIV pathogenesis, part 2: Inflammation drives a Warburg-like effect on the
metabolism of HIV-infected subjects. Cytokine Growth Factor Rev 2016; 28: 1-10 [PMID: 26851985
DOL: 10.1016/j.cytogfr.2016.01.001]

Longo VD, Mattson MP. Fasting: molecular mechanisms and clinical applications. Cell Metab 2014;
19: 181-192 [PMID: 24440038 DOI: 10.1016/j.cmet.2013.12.008]

Mattson MP, Longo VD, Harvie M. Impact of intermittent fasting on health and disease processes.
Ageing Res Rev 2017; 39: 46-58 [PMID: 27810402 DOI: 10.1016/j.arr.2016.10.005]

Wilkinson MJ, Manoogian ENC, Zadourian A, Lo H, Fakhouri S, Shoghi A, Wang X, Fleischer JG,
Navlakha S, Panda S, Taub PR. Ten-Hour Time-Restricted Eating Reduces Weight, Blood Pressure,
and Atherogenic Lipids in Patients with Metabolic Syndrome. Cell Metab 2020; 31: 92-104.e5
[PMID: 31813824 DOI: 10.1016/j.cmet.2019.11.004]

Most J, Gilmore LA, Smith SR, Han H, Ravussin E, Redman LM. Significant improvement in
cardiometabolic health in healthy nonobese individuals during caloric restriction-induced weight loss
and weight loss maintenance. Am J Physiol Endocrinol Metab 2018; 314: E396-E405 [PMID:
29351490 DOI: 10.1152/ajpendo.00261.2017]

Fontana L, Meyer TE, Klein S, Holloszy JO. Long-term calorie restriction is highly effective in
reducing the risk for atherosclerosis in humans. Proc Natl Acad Sci U S A 2004; 101: 6659-6663
[PMID: 15096581 DOI: 10.1073/pnas.0308291101]

. Effects of Intermittent Fasting on Health, Aging, and Disease. N Engl J Med 2020; 382: 978 [PMID:
32130832 DOI: 10.1056/NEJMx200002]

Velasquez MT, Ramezani A, Manal A, Raj DS. Trimethylamine N-Oxide: The Good, the Bad and
the Unknown. Toxins (Basel) 2016; 8 [PMID: 27834801 DOI: 10.3390/toxins8110326]

Washburn RL, Cox JE, Muhlestein JB, May HT, Carlquist JF, Le VT, Anderson JL, Horne BD. Pilot
Study of Novel Intermittent Fasting Effects on Metabolomic and Trimethylamine N-oxide Changes
During 24-hour Water-Only Fasting in the FEELGOOD Trial. Nutrients 2019; 11 [PMID: 30678028
DOI: 10.3390/nu11020246]

Arumugam TV, Phillips TM, Cheng A, Morrell CH, Mattson MP, Wan R. Age and energy intake
interact to modify cell stress pathways and stroke outcome. Ann Neurol 2010; 67: 41-52 [PMID:
20186857 DOI: 10.1002/ana.21798]

Vasconcelos AR, Yshii LM, Viel TA, Buck HS, Mattson MP, Scavone C, Kawamoto EM.
Intermittent fasting attenuates lipopolysaccharide-induced neuroinflammation and memory
impairment. J Neuroinflammation 2014; 11: 85 [PMID: 24886300 DOI: 10.1186/1742-2094-11-85]
Malinowski B, Zalewska K, Wesierska A, Sokotowska MM, Socha M, Liczner G, Pawlak-Osinska
K, Wicinski M. Intermittent Fasting in Cardiovascular Disorders-An Overview. Nutrients 2019; 11
[PMID: 30897855 DOI: 10.3390/nul11030673]

Moro T, Tinsley G, Bianco A, Marcolin G, Pacelli QF, Battaglia G, Palma A, Gentil P, Neri M, Paoli
A. Effects of eight weeks of time-restricted feeding (16/8) on basal metabolism, maximal strength,
body composition, inflammation, and cardiovascular risk factors in resistance-trained males. J Trans!
Med 2016; 14: 290 [PMID: 27737674 DOI: 10.1186/s12967-016-1044-0]

Liu Q, Zhang D, Hu D, Zhou X, Zhou Y. The role of mitochondria in NLRP3 inflammasome
activation. Mol Immunol 2018; 103: 115-124 [PMID: 30248487 DOI:
10.1016/j.molimm.2018.09.010]

Youm YH, Nguyen KY, Grant RW, Goldberg EL, Bodogai M, Kim D, D'Agostino D, Planavsky N,
Lupfer C, Kanneganti TD, Kang S, Horvath TL, Fahmy TM, Crawford PA, Biragyn A, Alnemri E,
Dixit VD. The ketone metabolite B-hydroxybutyrate blocks NLRP3 inflammasome-mediated
inflammatory disease. Nat Med 2015; 21: 263-269 [PMID: 25686106 DOI: 10.1038/nm.3804]

Fann DY, Santro T, Manzanero S, Widiapradja A, Cheng YL, Lee SY, Chunduri P, Jo DG, Stranahan
AM, Mattson MP, Arumugam TV. Intermittent fasting attenuates inflammasome activity in ischemic
stroke. Exp Neurol 2014; 257: 114-119 [PMID: 24805069 DOI: 10.1016/j.expneurol.2014.04.017]
Bae HR, Kim DH, Park MH, Lee B, Kim MJ, Lee EK, Chung KW, Kim SM, Im DS, Chung HY. 3-
Hydroxybutyrate suppresses inflammasome formation by ameliorating endoplasmic reticulum stress
via AMPK activation. Oncotarget 2016; 7: 66444-66454 [PMID: 27661104 DOI:
10.18632/oncotarget.12119]

Miiller H, de Toledo FW, Resch KL. Fasting followed by vegetarian diet in patients with rheumatoid
arthritis: a systematic review. Scand J Rheumatol 2001; 30: 1-10 [PMID: 11252685 DOI:
10.1080/030097401750065256]

Han K, Nguyen A, Traba J, Yao X, Kaler M, Huffstutler RD, Levine SJ, Sack MN. A Pilot Study To
Investigate the Immune-Modulatory Effects of Fasting in Steroid-Naive Mild Asthmatics. J Immunol
2018;201: 1382-1388 [PMID: 30021766 DOI: 10.4049/jimmunol.1800585]

WJEM | https://www.wjgnet.com 77 November 20,2021 | Volumel1l | Issue5 |


http://www.ncbi.nlm.nih.gov/pubmed/20581689
https://dx.doi.org/10.1097/QAI.0b013e3181e66216
http://www.ncbi.nlm.nih.gov/pubmed/27625432
https://dx.doi.org/10.1093/infdis/jiw258
http://www.ncbi.nlm.nih.gov/pubmed/18942885
https://dx.doi.org/10.1371/journal.pmed.0050203
http://www.ncbi.nlm.nih.gov/pubmed/26851985
https://dx.doi.org/10.1016/j.cytogfr.2016.01.001
http://www.ncbi.nlm.nih.gov/pubmed/24440038
https://dx.doi.org/10.1016/j.cmet.2013.12.008
http://www.ncbi.nlm.nih.gov/pubmed/27810402
https://dx.doi.org/10.1016/j.arr.2016.10.005
http://www.ncbi.nlm.nih.gov/pubmed/31813824
https://dx.doi.org/10.1016/j.cmet.2019.11.004
http://www.ncbi.nlm.nih.gov/pubmed/29351490
https://dx.doi.org/10.1152/ajpendo.00261.2017
http://www.ncbi.nlm.nih.gov/pubmed/15096581
https://dx.doi.org/10.1073/pnas.0308291101
http://www.ncbi.nlm.nih.gov/pubmed/32130832
https://dx.doi.org/10.1056/NEJMx200002
http://www.ncbi.nlm.nih.gov/pubmed/27834801
https://dx.doi.org/10.3390/toxins8110326
http://www.ncbi.nlm.nih.gov/pubmed/30678028
https://dx.doi.org/10.3390/nu11020246
http://www.ncbi.nlm.nih.gov/pubmed/20186857
https://dx.doi.org/10.1002/ana.21798
http://www.ncbi.nlm.nih.gov/pubmed/24886300
https://dx.doi.org/10.1186/1742-2094-11-85
http://www.ncbi.nlm.nih.gov/pubmed/30897855
https://dx.doi.org/10.3390/nu11030673
http://www.ncbi.nlm.nih.gov/pubmed/27737674
https://dx.doi.org/10.1186/s12967-016-1044-0
http://www.ncbi.nlm.nih.gov/pubmed/30248487
https://dx.doi.org/10.1016/j.molimm.2018.09.010
http://www.ncbi.nlm.nih.gov/pubmed/25686106
https://dx.doi.org/10.1038/nm.3804
http://www.ncbi.nlm.nih.gov/pubmed/24805069
https://dx.doi.org/10.1016/j.expneurol.2014.04.017
http://www.ncbi.nlm.nih.gov/pubmed/27661104
https://dx.doi.org/10.18632/oncotarget.12119
http://www.ncbi.nlm.nih.gov/pubmed/11252685
https://dx.doi.org/10.1080/030097401750065256
http://www.ncbi.nlm.nih.gov/pubmed/30021766
https://dx.doi.org/10.4049/jimmunol.1800585

Gnoni M et al. Intermittent fasting in HIV patients

Jaishideng®

65  Visser ME, Durao S, Sinclair D, Irlam JH, Siegfried N. Micronutrient supplementation in adults with
HIV infection. Cochrane Database Syst Rev 2017; 5: CD003650 [PMID: 28518221 DOI:
10.1002/14651858.CD003650.pub4]

66 Leyes P, Martinez E, Forga Mde T. Use of diet, nutritional supplements and exercise in HIV-infected
patients receiving combination antiretroviral therapies: a systematic review. Antivir Ther 2008; 13:
149-159 [PMID: 18505167]

67 Melchior JC, Niyongabo T, Henzel D, Durack-Bown I, Henri SC, Boulier A. Malnutrition and
wasting, immunodepression, and chronic inflammation as independent predictors of survival in HIV-
infected patients. Nutrition 1999; 15: 865-869 [PMID: 10575662 DOI:
10.1016/S0899-9007(99)00210-5]

68 Policarpo S, Rodrigues T, Moreira AC, Valadas E. Adherence to Mediterranean diet in HIV infected
patients: Relation with nutritional status and cardiovascular risk. Clin Nutr ESPEN 2017; 18: 31-36
[PMID: 29132735 DOI: 10.1016/j.clnesp.2017.01.008]

69  What's new in the guidelines? Hiv. gov. [cited 22 January 2021]. Available from:
https://clinicalinfo.hiv.gov/en/guidelines/adult-and-adolescent-arv/whats-new-guidelines

70 National Center for Biotechnology Information. PubChem Compound Summary for CID
90311989, Bictegravir. [cited 22 January 2021]. Available from:
https://pubchem.ncbi.nlm.nih.gov/compound/Bictegravir

71  National Center for Biotechnology Information. PubChem Compound Summary for CID
9574768, Tenofovir alafenamide. [cited 22 January 2021]. Available from:
https://pubchem.ncbi.nlm.nih.gov/compound/Tenofovir-alafenamide

72 National Center for Biotechnology Information. PubChem Compound Summary for CID 60877,
Emtricitabine. [cited 22 January 2021]. Available from:
https://pubchem.ncbi.nlm.nih.gov/compound/Emtricitabine

WJEM | https://www.wjgnet.com 78 November 20,2021 | Volumel1l | Issue5


http://www.ncbi.nlm.nih.gov/pubmed/28518221
https://dx.doi.org/10.1002/14651858.CD003650.pub4
http://www.ncbi.nlm.nih.gov/pubmed/18505167
http://www.ncbi.nlm.nih.gov/pubmed/10575662
https://dx.doi.org/10.1016/S0899-9007(99)00210-5
http://www.ncbi.nlm.nih.gov/pubmed/29132735
https://dx.doi.org/10.1016/j.clnesp.2017.01.008
https://clinicalinfo.hiv.gov/en/guidelines/adult-and-adolescent-arv/whats-new-guidelines
https://pubchem.ncbi.nlm.nih.gov/compound/Bictegravir
https://pubchem.ncbi.nlm.nih.gov/compound/Tenofovir-alafenamide
https://pubchem.ncbi.nlm.nih.gov/compound/Emtricitabine

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wijgnet.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2021 Baishideng Publishing Group Inc. All rights reserved.


mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

