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Abstract

Background Brain-derived neurotrophic factor (BDNF) has been implicated in the development of cardiometabolic
risk factors in some populations. However, few studies have investigated the role of BDNF and cardiometabolic risk
factors in HIV patients despite the plethora of evidence linking HIV infection with the dysregulation of circulating
BDNF levels. We investigated the association between serum BDNF and cardiometabolic risk factors in HIV patients
in a primary hospital in Ghana. We recruited 450 participants, comprising 150 combination antiretroviral (CART)-
treated HIV patients, 150 cART-naive HIV patients, and 150 non-HIV controls. Data on sociodemographic parameters
and medical history were collected using a structured questionnaire. Fasting venous blood samples were collected
to measure plasma glucose levels, lipid profiles, and BDNF. Metabolic syndrome (MetS) was defined using the joint
interim statement criteria.

Results Compared to untreated HIV patients and uninfected controls, the proportion of participants having MetS
was high in cART-exposed HIV patients (26.8% vs 21.1% vs 52.1%, respectively, p <0.001). Generally, BDNF levels

were higher in uninfected controls compared with untreated and cART-exposed HIV patients [7.1 (3.4-13.3) vs 4.9
(2.7-9.6) vs 5.6 (2.9-8.9) ng/ml, p=0.025]. In participants without MetS, square root-transformed serum BDNF was low-
est in cART-exposed HIV patients, followed by untreated HIV patients, with uninfected controls having the highest
(1.8£0.8vs24+£1.2vs29+1.2 ng/ml, p<0.001). MetS was associated with serum BDNF levels in only the cART-
exposed HIV patients [OR (95% Cl)=2.98 (1.64-5.41), p<0.001]. In cART-exposed HIV patients, an increase in BDNF

was associated with increased likelihood of having impaired fasting glucose [2.49 (1.51-4.11), p<0.001], high systolic
blood pressure [1.64 (1.1-2.46), p=0.016], and hypertriglyceridemia [2.73 (1.65-4.52), p < 0.001], as well as decreased
likelihood of having low HDL cholesterol levels [0.32 (0.19-0.56), p <0.001].

Conclusion In our study population, MetS was higher in cART-exposed HIV patients. HIV patients have low levels
of serum BDNF, especially those without MetS. BDNF was associated with MetS and its components in HIV patients
on cART management.
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Background

Brain-derived neurotrophic factor (BDNF) is a neuro-
peptide that influences the development and functional
processes of neuronal tissues in the central and periph-
eral nervous system. BDNF exerts its physiological
action by binding to its receptor, TrkB [1, 2]. BDNF and
its receptors have been reported to be present on adult
endothelial cells, pancreatic islets, and skeletal muscles
[1] as well as playing important roles in cardiovascular
function and metabolism in peripheral tissues [1, 3, 4].
Therefore, abnormal circulating BDNF levels and func-
tions may be associated with cardiometabolic risk fac-
tors [5] and the development of CVDs [6]. In non-HIV
populations, abnormal BDNF levels have been reported
in heart diseases like myocardial infarction or unstable
angina pectoris [7]. In addition, studies have reported
that HIV infection, via the viral envelope proteins, affects
the synthesis, release, and functioning of BDNF [8-11].

The introduction and widespread accessibility of com-
bination antiretroviral therapy (cART), even in devel-
oping countries in the sub-Saharan Africa region has
reduced deaths associated with AIDS [12, 13]. However,
as the worldwide infection rate of the human immuno-
deficiency virus (HIV) has been reducing for years now,
the sub-Saharan Africa region has been experiencing ris-
ing infections and it is estimated that about 70% of new
infections occur in this region [14]. This means that HIV
patients now can live longer to experience the chronic
effects of HIV infections and medication. It has been
reported that the burden of non-communicable diseases
such as diabetes, hypertension, cancers, and cardiovascu-
lar disease (CVDs) in HIV patients far exceeds that of the
general population [13, 15]. HIV replication and cART
are associated with increased systemic subclinical inflam-
mation [16, 17] which may lead to the development and
constellation of cardiometabolic risk factors to form what
is called metabolic syndrome (MetS). MetS has been
associated with the future occurrence of diabetes, CVDs,
and other chronic diseases in HIV and the general popu-
lation [18].

HIV infection dysregulates the immune system which
is very important in the regulation of BDNF synthesis.
CD11a is important for normal lymphocyte development
[19]. Cytokines secreted by type 2 helper T lymphocytes
promote the synthesis of BDNF and downregulate inter-
feron and IL-22 secretion by type 1 helper T cells with
secretion of IL-10 remaining unaffected [20]. Other infec-
tions also affect the expression of BDNF through the acti-
vation of the Toll-like receptors from the host immune
defense [21] to activate the NFkB, which is necessary to
increase BDNF expression [22]. In HIV patients, most of
the studies investigating the functions of BDNF focused
on neuroplasticity and neuropsychiatric disorders
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[8—11]. However, BDNF also regulates the metabolic pro-
cess in the body and has been implicated in the patho-
genesis of CVDs [23]. For instance, BDNF decreases
inflammation by attenuating IL-1f induction of ICAM-1
mRNA expression and secretion in human microvascular
endothelial cells [24]. Also, sSVCAM-1 has been reported
to inversely correlate with serum BDNF in healthy men
[24]. From our literature search, we did not find any study
that has associated levels of circulating BDNF with car-
diometabolic risk factors in HIV patients. In addition,
there is a paucity of data about BDNF in the sub-Saharan
African population. We, therefore, compared the levels
of serum BDNF in HIV patients, with or without cART
treatment, to that of non-HIV controls. We also investi-
gated the association between serum levels of BDNF and
cardiometabolic risk factors in HIV patients. We hypoth-
esized that HIV infection would reduce circulating BDNF
levels and this may be associated with cardiometabolic
disorders.

Methods

Setting and participants

The study utilized a case—control design with the cases
being already diagnosed HIV patients and the controls
being non-HIV individuals, recruited conveniently dur-
ing their visit to the HIV clinic for voluntary testing of
their HIV status. For HIV patients, systematic random
sampling was employed as every third patient attend-
ing the clinic was invited to participate in the study. We
intentionally recruited similar numbers of non-HIV con-
trols, HIV patients as newly diagnosed patients who are
yet to be placed on cART (cART-naive) and those already
on cART (cART exposed patients). Participants who have
been diagnosed and/or treated for diabetes, CVDs, clini-
cal depression, sleep problems, and other clinical neu-
ropsychiatric conditions were excluded from the study.
These conditions can activate platelets and mean plate-
let volume [25]. Serum BDNF levels are reported to be
higher in T2DM patients with increased platelet activa-
tion compared to those with normal platelet activation
[26]. The study was carried out at Atua Government
Hospital, which is a 150-bed primary healthcare facility,
located in Agormanya, a peri-urban town in the Eastern
region of Ghana.

We conducted the study following the ethical princi-
ples set up in the Helsinki Declaration on Human Experi-
mentation, 1964, with subsequent revisions, latest Seoul,
October 2008. The study proposal was approved by the
Ethics and Protocol Review Committee of the College of
Health Sciences of the University of Ghana (Protocol ID
number: CHS-Et/M.6-5.17/2018-2019), and all the par-
ticipants provided written voluntary informed consent
before enrolling into the study.
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Data collection

We collected data on basic personal and lifestyle using a
structured questionnaire. Anthropometric characteris-
tics such as body weight, height, waist, and hip circum-
ferences were measured with appropriate instruments.
Blood pressures were measured with an Omron blood
pressure monitor (BF- 508, Omron Healthcare, Inc.).

Biochemical analysis

Using an aseptic technique, 5 ml of fasting venous blood
samples were drawn from each participant and the
serum/plasma extract was stored at—80 °C for analysis.
A semi-automated chemical analyzer (Contec BC 400,
China) was used to measure the levels of plasma glucose
and lipid profiles. A FACScan flow cytometer (Becton—
Dickinson, NJ, USA) was used to assay CD4+ lympho-
cyte levels.

We applied the joint interim statement criteria [18] to
define metabolic syndrome as participants meeting three
or more of the following: “(1) abdominal obesity (waist
circumference > 94 cm for men and >80 ¢cm for women),
(2) high triglycerides>1.7 mmol/L, (3) low HDL cho-
lesterol: men<1.0 mmol/L or women<1.3 mmol/L,
(4) high BP (systolic BP>130 mmHg and/or dias-
tolic BP>85 mmHg), and (5) fasting plasma glucose
(FPG) >5.6 mmol/I”

Serum BDNF levels were assayed using commercial
ELISA kits (DuoSet, R&D Systems, Minneapolis, MN,
USA) and following the manufacturer’s instructions. All
samples were assayed in triplicate, and the technician did
not know the HIV status of the samples. The lower detec-
tion limit was 5 pg/ml, and the inter- and intra-assay
coefficients of variation were less than 5%. The concen-
trations are expressed as nanograms per milliliter.

Sample size and data analysis

Since no study has reported serum levels of BDNF
in sub-Saharan African HIV patients, we used data
from a closely related racial group, the African-Amer-
ican HIV patients [27]. A minimum of 144 participants
were required in each group to detect an effect size
(f-type) > 0.3, with a power of 90% and a significance level
of 95%. We, therefore, recruited 150 participants for each
group.

Data were analyzed using the Jamovi 2.3.13 software.
The differences in the mean values of anthropometric
indices, biochemical analytes, sociodemographic, and
clinical variables were analyzed using ANOVA for con-
tinuous variables and Pearson’s y* test for categorical var-
iables. Analysis of the distribution of serum BDNF values
using the Shapiro-Wilks test showed that they were posi-
tively skewed, and therefore, square root transformation
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was applied to normalize the data, and the transformed
values were used for analysis (Figure S1, supplementary
file). We performed a correlational analysis between
BDNF and the characteristics of the study participants
and presented the degree of association using the Pear-
son correlation coefficient (Table S1, supplementary file).
Multiple linear regression analyses were used to identify
the main predictors of variability in BDNF (Table S2,
supplementary file), and multivariable logistic regression
analyses were used to determine the association between
serum BDNF and metabolic syndrome. p <0.05 was con-
sidered statistically significant.

Results

General characteristics of study participants

The various study groups were similar in terms of mean
age, BMI, systolic and mean BPs, HDL cholesterol, CD4
cell count, marital status, and hypertension. In compari-
son to other study groups, cART-exposed HIV patients
had higher mean levels of waist circumference, waist-hip
ratio, percentage of body fat, mean and diastolic blood
pressure, heart rate, FPG, triglycerides, total, and LDL
cholesterol. Serum levels of BDNF were higher in non-
HIV controls compared to untreated and cART-treated
HIV patients, with the latter groups being similar in
serum BDNF levels (Table 1).

The duration of HIV infection in cART-exposed HIV
patients was 7.8 (3.7-12.1) years with the mean dura-
tion on cART management being 7.5 (4—11.7) years. For
the cART exposure, 86 (57.3%) patients were on TDEF-
based regimens, 52 (34.7%) patients were on AZT-based
regimens, and 12 (8%) patients were on LPV/r-based
regimens.

MetS and BDNF levels among study participants

HIV patients on cART had a higher prevalence of MetS
compared to untreated HIV patients and uninfected con-
trols (Fig. 1; x*=52.6, p<0.001). In uninfected controls,
those with MetS had higher levels of serum BNDF when
compared to those without MetS. In the cART-naive HIV
patients, those having MetS had similar levels of serum
BDNF as those without MetS. In the cART-exposed HIV
patients, those with MetS had higher levels of serum
BDNF compared to those without MetS. In participants
without MetS, non-HIV controls had the highest levels of
serum BDNE, followed by cART-naive HIV patients, with
the cART-exposed HIV patients having the lowest levels
of serum BDNF. Among participants with MetS, BNDF
levels were similar irrespective of HIV status (Fig. 2). In
cART-exposed HIV patients, BDNF levels were similar
among participants on various cART regimens (Fig. 3).
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Table 1 General characteristics of study participants
All participants Non-HIV controls cART-naive HIV cART-exposed HIV p

N 450 150 150 150
Age, years 386+115 374+135 378+122 394+106 0.109
Females, n (%) 301 (66.9) 101 (67.3) 82 (54.7) 118 (78.7) <0.001
Married, n (%) 158 (42.7) 55 (44.4) 56 (41.8) 47 (42) 0.79
Current smoking, n (%) 18 (4) 2(1.3) 4(27) 12(8) 0.008
Alcohol intake, n (%) 92 (20.4) 35(23.3) 41 (27.3) 16 (10.7) <0.001
Waist circumference, cm 87+12 85+11 84+11 89+12% 0.002
Hip circumference, cm 102+11 104+10 10011 10211 0.028
Waist-hip ratio 0.86+0.07 0.83+0.05 0.85+0.08* 0.89+0.07"* <0.001
Body height, cm 164+8 163+7 165+4 161+£9 0.194
Body weight, kg 60+£13.2 678+128 649+12.1 64.7+128 0.204
BMI, l<g/m2 248+5 254+46 239+4.4* 246+4.8 0.061
BMI categories, n (%) <0.001

Underweight 36 (8.1) 5(4) 18(12) 13(8.7)

Normal 221 (49.4) 63 (42.9) 89 (59.3) 69 (46)

Overweight 125 (28) 51(29.8) 20(13.3) 54 (36)

Obese 65 (14.5) 28 (19) 23 (15.3) 14(9.3)
Systolic BR, mmHg 133+£17 131+14 132+20 134420 0.184
Diastolic BF, mmHg 82+12 7949 82+13 84414 0.008
Mean BP, mmHg 101+£13 9711 98+ 15 105+15"* 0.007
Pulse BP, mmHg 52+12 51+14 5111 52410 0.672
Heart rate, bpm 75+10 73+7 74+8 81+9 <0.001
Hypertension, n (%) 147 (32.7) 47 (31.3) 41 (27.3) 59(39.3) 0.078
FPG, mmol/I 53+09 51+08 53+0.7 58+05 <0.001
Triglycerides, mmol/I 14404 14403 14404 16404 <0.001
Total cholesterol, mmol/I 51+£12 48+13 5+1.1 54+1.1 <0.001
HDL cholesterol, mmol/I 15+04 16+04 14+04 14+05 0.128
LDL cholesterol mmol/I 3+09 26+09 3+0.8* 324077 <0.001
Current CD4 count, cells/mm? 405 (273-562) 430 (327-534) 403 (253-583) 0.804
BDNF, ng/ml 6(3-10.2) 7.1 (34-133) 4.9 (2.7-9.6) 5.6 (2.9-8.9) 0.025
Sqrt BDNF, ng/ml 26412 28+13 24411 2441 0.004

BMI Body mass index, HDL High-density lipoprotein, LDL Low-density lipoprotein, BDNF Brain-derived neurotrophic factor; sqrt, square root transformation

" p<0.05 compared to non-HIV; p <0.05 compared to treatment naive HIV patients

Association between levels of serum BDNF and MetS

In the entire study participants and cART-naive HIV
patients, there was no association between MetS and
serum BDNF. In controls without HIV, a unit increase
in serum BDNF was associated with a 0.65 decrease in
MetS odds in the unadjusted model, but no associa-
tion in the fully adjusted model. In cART-exposed HIV
patients, a unit increase in the serum BDNF was associ-
ated with a 2.84 and 2.98 increase in the prevalence rate
ratio of MetS in the unadjusted and adjusted models
respectively (Table 2). The prevalence of components
of MetS among various categories of study partici-
pants is shown in Figure S2 (supplementary informa-
tion). In all participants, a unit increase in BDNF was

associated with an increase in the odds of high systolic
BP and hypertriglyceridemia and a decrease in the odds
of low HDL cholesterol in the unadjusted and adjusted
models. In non-HIV controls, a unit increase in serum
BDNF was associated with increased odds of high sys-
tolic BP in the unadjusted model, but no association in
the adjusted model. In cART-exposed HIV patients, a
unit increase in serum BDNF was associated with an
increase in the odds of IFG, high systolic BP, high tri-
glycerides, and a decrease in the odds of low HDL cho-
lesterol in the unadjusted and adjusted models. There
was no association between components of MetS and
serum levels of BDNF in cART-naive HIV patients
(Table 3).
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Discussion

The main outcomes of this study were (1) HIV patients on
cART had a high burden of MetS compared to untreated
HIV patients and non-HIV controls, (2) serum levels
of BDNF were reduced in HIV patients, and (3) a unit
increase in serum BDNF was associated with increased
odds of MetS in cART-exposed HIV patients.

The prevalence of MetS found in this study is consist-
ent with the previous study in Ghanaian HIV patients
which found that patients receiving cART treatment
had higher MetS than cART-nave patients [15, 28]. On
the other hand, a lower prevalence of MetS of 34% was
reported in cART-exposed HIV patients in the USA [29].
Similar findings were obtained in a meta-analysis that
reported a higher prevalence of MetS in HIV-infected
Africans, 30.5%, compared to patients from Asia and
South America, who had the prevalence of MetS to be

21.4% and 21.5% respectively [30]. There may be vari-
ous reasons attributed to disparities in the prevalence of
MetS including ethno-geographical and socio-cultural
variations in lifestyle, leading to the different levels of
exposure to various risk factors such as diet and physical
activity [18].

In this study, the levels of serum BDNF were found to
be lower in HIV patients compared to non-HIV controls,
and this is consistent with a study in HIV patients from
the USA [31]. Low levels of serum BDNF in HIV patients
could be due to decreased synthesis in neuronal and non-
neuronal cells. In neuronal cells, the interaction of HIV
viral envelope glycoprotein 120 (gp120) with neurons in
the dorsal striatum of rodents decreases the synthesis
and release of BDNF [8]. Also, shed viral protein, a trans-
activator of transcription (Tat), is reported to reduce the
synthesis of BDNF in rat brains [10]. In non-neuronal
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Table 2 Association between metabolic syndrome and serum BDNF levels from logistic regression analyses
Unadjusted model Adjusted model
OR (95% ClI) p OR (95% Cl) p
All participants 3(094-137) 0.193 1.18 (0.98-1 42) 0.077
Non-HIV controls 0.65 (O 43-0. 98) 0.038 0.92 (0.63-1.34) 0.662
CcART-naive HIV patients 0.99 (0.71-1.37) 0.998 1.23(0.79-1 91) 0.365
CcART-exposed HIV patients 2.84(1.83~ 44) <0.001 2.98 (1.64-541) <0.001

Adjusted for sex, age, plus alcohol intake, smoking status, educational level, marital status, employment status, CD4 cell count (only in cART-naive and cART-exposed
HIV patients), and cART regimen (only in cART-exposed patients). The duration of HIV infection and cART management were excluded from the model due to their low

tolerance in model diagnostics

BDNF values were square-root transformed to reduce skewness before being incorporated into the model

cells, HIV infection downregulates the expression of
BDNEF in circulating T cells, leading to increased apopto-
sis and an immunocompromised state [32]. Furthermore,
the inflammatory milieu created by HIV activity may be
attributed to decreased levels of serum BNDF levels [17].
Our findings also indicate that the reduction in BDNF in
HIV patients was only in patients without MetS (Fig. 1B).
Therefore, it may be reasonable to hypothesize that the
constellation of CVD risk factors may mask the effects of
HIV on serum BNDFE. This observation may be in collab-
oration with Fazeli et al.,, who reported similar levels of
BDNEF between HIV patients and non-HIV controls [27].
Their study population included a higher proportion of
patients with cardiometabolic diseases (diabetes, hyper-
cholesteremia), drug abuse, and depression; all these
parameters can affect circulating BDNF levels.

Another interesting finding in our study was that, in
the cART-exposed HIV patients, a unit increase in serum
BDNF almost tripled the odds of MetS. This is consistent
with studies that reported higher levels of serum BDNF
in patients with cardiometabolic disorders such as dia-
betes [33, 34]. A similar observation of higher circulat-
ing levels of BDNF has been reported in adolescents
with MetS [5]. It has been postulated that the increase
in circulating BDNF levels in patients with MetS and
other cardiometabolic disorders may be a compensa-
tory response to oxidative stress and the pro-inflamma-
tory environment associated with these conditions [35].
Another explanation may be the effect of HIV infection
on BDNF biosynthesis; both gp120 [8, 11] and Tat [9]
induce the synthesis and premature release of proBDNF
protein instead of matured BDNF. The premature release
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Table 3 Association between components of MetS and serum BDNF levels from logistic regression analyses
Unadjusted model Adjusted model
OR (95% Cl) p OR (95% Cl) p
All participants
IFG 1.09 (0.93-1.28) 0.282
High systolic BP 1.23(1.04-1.45) 0.014 1.23(1.02-147) 0.027
Abdominal obesity 1.15(0.97-1.35) 0.106
Low HDL 0.72 (0.59-0. 86) <0.001 0.73 (0.6-0.9) 0.003
High triglycerides 1.2(1.01-1.43) 0.035 1.25(1.04-1.51) 0.017
Non-HIV controls
IFG 0.78 (0.58-1.03) 0.081
High systolic BP 1.34(1.02-1.75) 0.033 1.01 (0.71-1.44) 0.941
Abdominal obesity 0.94(0.73-1.2) 0614
Low HDL 0.95(0.72-1.25) 0.716
High triglycerides 1.19 (0.89-1.58) 0.241
cART-naive HIV patients
IFG 1.04(0.77-14) 0.805
High systolic BP 0.99 (0.75-1.33) 0.992
Abdominal obesity 1.2(09-1.61) 0219
Low HDL 0.85(0.61-1.17) 0315
High triglycerides 0.98 (0.67-143) 0917
cART-exposed HIV patients
IFG 2.53(1.69-3.78) <0.001 249015 1) <0.001
High systolic BP 146 (1.05-2.04) 0.026 1.64 (1.1 246) 0.016
Abdominal obesity 1.75(1.19-2.58) 0.005 1.63(0.98-2.72) 0.059
Low HDL 041 (0.28-0.61) <0.001 0.32(0.19-0.56) <0.001
High triglycerides 2.06 (1.42-2.98) <0.001 2.73(1.65-4.52) <0.001

Adjusted for sex, age, plus alcohol intake, smoking status, educational level, marital status, employment status, CD4 cell count (only in cART-naive and cART-exposed
HIV patients), and cART regimen (only in cART-exposed patients). The duration of HIV infection and cART management were excluded from the model due to their low

tolerance in model diagnostics

IFG Impaired fasting glucose, BP Blood pressure, HDL High-density lipoprotein cholesterol

of proBDNF into the blood has opposite effects to BDNF,
thus, increasing neurotoxicity and metabolic abnormali-
ties [36]. Unfortunately, the Elisa method we employed
in this study to assay BDNF levels has been reported to
capture epitomes of both proBDNF and mature BDNF
[37], and hence, the high levels of circulating BDNF
may be due to increased premature release of proBDNF.
It has also been demonstrated in adult male rhesus
macaques infected with simian immunodeficiency virus
that the alteration in BDNF secretion may even persist
with cART suppression of viremia, reduction in neuro-
inflammation by HIV viral replication suppression, and
normalizing CD4 + cell count [38].

In cART-exposed HIV patients, a unit increase in
serum BDNF was associated with increased odds of
metabolic abnormalities such as IFG, high systolic BP,
and hypertriglyceridemia and decreased odds of low
HDL cholesterol. This is consistent with other stud-
ies that reported increased circulating BDNF levels in

participants with cardiometabolic risk factors [3, 4].
Some studies have reported the mechanisms linking
BDNF dysregulation to these metabolic abnormalities.
For example, hyperglycemia and hyperinsulinemia,
two conditions present in MetS and early stages of
type 2 diabetes were shown to increase the expres-
sion of BDNF mRNA expression in the brain of female
mice [39], and the high levels of BDNF expression and
release had been demonstrated, using in vitro stud-
ies, to have a synergistic effect on hyperglycemia-
induced insulin secretion in pancreatic islet cells [1].
These studies highlight the feed-forward loop involv-
ing high circulating BDNF levels and hyperinsulinemia
in the early stages of metabolic syndrome, possibly as
a compensatory response to insulin resistance [1, 40].
Concerning the association between BDNF and high
blood pressure, it has been demonstrated in spontane-
ously hypertensive rats that oxidative stress upregu-
lates BDNF synthesis before a rise in blood pressure
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is observed [41]. Similarly, BDNF was associated with
hypertrophic remodeling of the carotid artery in the
SAPBA study [42]. BDNF is reported to have a role in
cholesterol biosynthesis in the liver and adipose tis-
sue. The adipose tissue expresses BDNF and its recep-
tor, TrkB, but proinflammatory condition increases the
expression of BDNF while reducing that of TrkB [43].
Additionally, in human neurons and astrocytes, BDNF
has been reported to regulate HDL cholesterol by mod-
ulating the synthesis of apolipoprotein E synthesis [2].
However, since peripheral cholesterol biosynthesis is
separated from central nervous cholesterol biosynthe-
sis, more studies may be needed to investigate the role
of BDNF in circulating cholesterol levels. Furthermore,
all these effects of BDNF were studied in non-HIV par-
ticipants or models, and hence further studies may be
needed to clarify whether the same processes occur in
HIV patients or models.

Strengths and limitations of the study

To our knowledge, this is the first study to report serum
BDNF in HIV patients in the sub-Saharan African popu-
lation and associate it with cardiometabolic risk factors.
We employed an adequate sample size and included
cART-naive HIV patients in our design to compare the
effect of HIV infection alone on BDNF levels. In addi-
tion, we excluded participants with drug abuse, clinical
neuropsychiatric diseases, diabetes, and cardiovascular
disease which may mask the association between BDNF
and cardiometabolic risk factors. The limitations of this
study include the one-time data collection which cannot
be used to infer causality from the findings of the study.
The findings of this study cannot indicate that low levels
of BDNF cause alterations in cardiometabolic risk fac-
tors or vice versa. Furthermore, we did not measure other
sources of BDNF, such as platelets or muscles, and we did
not measure BDNF mRNA levels. The study was carried
out in a single healthcare facility, and hence, the results
cannot be generalized to other healthcare centers. Due to
logistical constraints in peri-urban hospitals at the time
of data collection, there were no viral load data for the
HIV patients. Therefore, we could not assess the influ-
ence of viral load on MetS and BDNF levels. However,
cART-treated HIV patients had undetectable viral load
in their previous year’s medical records. We also did not
assess the levels of physical activity and dietary patterns,
which are known to affect BDNF levels and cardiomet-
abolic factors [6, 43]. Although we excluded those with
diagnosed neuropsychiatric conditions and CVDs, some
of our participants may have subclinical conditions that
may have affected the outcome variables in this study. In
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addition, we did not measure the polymorphism of the
BDNF gene, which has been reported to affect BDNF
maturation and secretion [27, 44].

Conclusion

Despite the limitations, the findings of this study have
shown that there is a high prevalence of MetS in cART-
exposed HIV patients compared to cART-naive HIV
patients and non-HIV controls. Serum levels of BDNF
were lower in HIV patients compared to non-HIV con-
trols. A unit increase in serum BDNF levels almost triples
the odds of MetS in cART-exposed HIV patients. Further
studies could examine the effect of pharmacological and
non-pharmacological interventions that improve serum
BDNF levels in HIV patients and their effects on cardio-
metabolic health.
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