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ABSTRACT

The rate of prediabetes in people living with HIV (PLWH) is 2-3 times higher than
in the general population. Nutrition interventions have been effective in lowering
diabetes risk in people with prediabetes in the general population, but this has not
yet been shown in PLWH. The objective of this study was to assess the effectiveness
of a 6-month randomized, controlled nutrition intervention for prediabetic PLWH.
Participants (N=38) were randomized into the intervention group (n=20) or the control
group (n=18). Inclusion criteria were being HIV+, prediabetic defined by the American
Diabetic Association standards, 18 years of age and older, controlled HIV viral load, and
not using glucose altering medications. Participants randomized into the intervention
group met once a month for 1 hour to receive individualized medical nutrition therapy,
nutrition counseling and nutrition education; participants in the control group received
educational material at baseline. Outcome variables were collected for all participants
at baseline and end of the study between 2017-2018 and analyzed 2018-2019.

We found significant improvements in fasting blood glucose (p=0.03), body mass index
(p=0.03) and oxidative stress (p=0.04) in the intervention group when comparing their
6-month values to those at baseline; while differences between baseline and end of the
intervention were not observed in the control group, with significance set at p<0.05.
The results from this intervention support the notion that a nutrition intervention is
effective in lowering diabetes risk by significantly lowering fasting blood glucose, body
mass index and oxidative stress in PLWH who are prediabetics, who are at greater risk
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for diabetes and cardiovascular disease than the general population.

Introduction

People living with HIV (PLWH) are known to have
higher risk for co-morbidities with earlier onset ages
compared with their non-infected counterparts, such
as prediabetes/diabetes and cardiovascular disease
[1,2]. Their increased risk may be due to a myriad
of factors including, but not limited, to HIV infection
and the chronic use of antiretroviral therapy (ART)
[3-6]. The prevalence rate of prediabetes in PLWH
is reported in the literature to be 2-3 times higher
than the general non-HIV infected population and
is expected to rise if effective interventions are not
implemented [7-9].

Prediabetes is a transient state of hyperglycemia
which is known to increase the risk of developing
diabetes, with an annual conversion rate of 5-10%,

if left unaddressed [10-11]. The American Diabetes
Association (ADA)and the World Health Organization
(WHO) have similar but slightly different diagnostic
criteria for prediabetes. According to the ADA's
guidelines, prediabetes is diagnosed with fasting
blood glucose levels between 100 mg/dl to 125 mg/
dl (fasting for = 8 hours), hemoglobin A1C (HbA1C)
values 5.7-6.4% and/or 2-hour plasma glucose
of 140-199 mg/dl after a 75 gram of oral glucose
tolerance test. The WHO have a stricter fasting blood
glucose range of 110-125 mg/dl, similar 2-hr oral
glucose tolerance test range to ADA guidelines, but
no diagnostic range for HbA1C [10].

Prediabetes is an intermediate state between
normal blood glucose levels and diabetes; people
with prediabetes are a target population for the
implementation of effective interventions to halt
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and/or reverse back to normal glucose levels [11-15].
In a study conducted by Eriksson and Lindgarde, they
found that glucose tolerance was normalized in >50% of
the participants with impaired glucose tolerance (IGT)
with effective lifestyle modifications. Prior research
has shown the effectiveness of implementing lifestyle
changes in reducing overall diabetes risk/incidence
by 58% in people with prediabetes, thus supporting
the importance of implementing interventions in this
particular population [13,14,16,17].

Nutrition interventions for prediabetes

The Diabetes Prevention Program (DPP) was a large
scale 27-center intervention randomized clinical study
(n=1079) conducted to determine the effectiveness of
a lifestyle intervention to lower diabetes risk and/or
prevent diabetes incidence in people with prediabetes
[13]. The intervention was multifaceted, consisting of a
variety of ways to reduce diabetes risk including weight
loss, physical activity and behavior change techniques.
They utilized individual case managers or “lifestyle
coaches” to implement the 16-session core curriculum
that taught participants certain beneficial lifestyle
changes. They found that certain lifestyle changes aimed
at weight loss and increasing physical activity decreased
the incidence of type 2 diabetes by 58% [13].

Another study conducted by Tuomilhto et al. [16]
assessed the effectiveness of lifestyle modifications
in reducing diabetes risk among overweight people
with prediabetes (n=522). The participants that were
randomized into the treatment group received nutrition
counseling to increase physical activity, promote weight
loss in overweight participants, increase fiber intake
and reduce dietary fat intake. Similarly, to the Diabetes
Prevention Program, they reported that the incidence
rate was reduced by 58% (p<0.001) in the intervention
group [16]. Moreover, a large-scale study by Pan et al.
[18] aimed to determine if lifestyle changes in diet and
exercise could delay and/or reduce diabetes incidence in
people with impaired glucose tolerance. They conducted
a randomized controlled clinical trial (n=110,660) and
found that changes in diet and/or increasing exercise
frequency reduced diabetes incidence by 31-46%.

Oxidative stress

Hyperglycemia, or elevated blood glucose levels, which
is characteristic of prediabetes is known to increase the
production of reactive oxygen species, i.e. oxidative stress
[19]. Therefore, prediabetes has been associated with
elevated levels of oxidative stress [19-24], with studies
suggesting that hyperglycemia-induced oxidative stress
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may be responsible for the damage of pancreatic Islet
beta cells, thusincreasing diabetes risk [20]. [tis reported
that although beta cell death can be mediated by various
etiological factors such as glucotoxicity, lipotoxicity, and
pro-inflammatory mediators, hyperglycemia was the
biggest contributor to beta cell destruction [20]. Chronic
exposure to hyperglycemia has been shown to initiate
beta cell death in cell cultures and animal models, as well
as in human autopsies [20].

In an effort to minimize beta cell destruction and delay or
prevent diabetes incidence in people with prediabetes,
glycemic monitoring and control is highly encouraged,
especially in PLWH, who already are exposed to
elevated levels of oxidative stress associated with HIV
infection and/or the chronic use of ART [25,26]. Kwak
et al. demonstrated the effectiveness of a 4-week dietary
intervention in significantly reducing blood glucose and
oxidative stress in people with prediabetes or newly
diagnosed type 2 diabetes; however, this is the first
study that shows the success of this type of intervention
in PLWH who were prediabetic [27].

Inflammation

In PLWH elevated levels of inflammation are frequent,
despite sustained ART mediated viral suppression [28-
31]. Although inflammation and immune activation
normally decline during consistent ART treatment, they
tend to remain elevated in many PLWH and predict
mortality and/or co-morbidities, including diabetes
and cardiovascular disease [28]. An Analysis of the
FRAM Study Cohort revealed that PLWH have elevated
inflammatory marker such as C-reactive protein (CRP).
In FRAM, levels of CRP >3 mg/L had 2.7 folds higher
adjusted odds of mortality than those with CRP levels of
<1 mg/L[29].

Prediabetesand hyperglycemiahave also been associated
with elevated inflammation levels [30], independent
of HIV status. The increased levels of inflammation
in PLWH may increase risk for diabetes, as systemic
inflammation has been associated with incident diabetes
[32]. Therefore, in prediabetic PLWH, who have higher
levels of inflammation and oxidative stress, it is not
surprising to find elevated risk for developing diabetes,
including inflammation related to HIV infection along
with inflammation related to hyperglycemia.

Significance

Numerous studies have shown the effectiveness of
lifestyle modifications in lowering diabetes risk in
people with prediabetes [13,16-18]; however, research

Am J Prev Med Public Health ¢ 2020 ¢ Vol 7 ¢ Issue 1



The Effectiveness of a 6-Month Nutrition Intervention on Lowering Fasting Glucose and 80HdG Levels in Prediabetic People Living with HIV (PLWH) in the Mash Cohort

on the effectiveness of lifestyle modifications in lowering
diabetes risk in prediabetic PLWH has been scarce.
Therefore, we conducted a randomized controlled
clinical trial of a 6-month nutrition intervention in
prediabetic PLWH to assess the effectiveness of lifestyle
modifications in lowering blood glucose, oxidative stress
and inflammation.

Materials and Methods

Approval from the Florida International University (FIU)
Institutional Review Board (IRB) was obtained prior to
the start of the study. A 6-month randomized, controlled
nutrition intervention was conducted in prediabetic
people living with HIV (PLWH). The study participants
were recruited from the Miami Adult Studies of HIV
(MASH) cohort. MASH cohort participants provided
consent to review their medical documentation for
eligibility. Inclusion/exclusion criteria were used to
identify participants who were eligible, and telephone
callstotheseparticipants were made to attend ascreening
study visit. Upon their consent, the participants were
randomized into the treatment group (intervention)
or the control group. All participants visited the FIU
Research Clinic at Borinquen Health Care Center at
baseline for assessment and at the 6-month follow-up as
part of the MASH cohort.

Participants were determined to be “prediabetic” based
on the American Diabetes Association (ADA) diagnostic
criteria of fasting blood glucose of 100 mg/dl to 125 mg/
dl (fasting for = 8 hours) or hemoglobin A1C (HbA1C)
values 5.7-6.4% [10]. Inclusion criteria included to
be HIV seropositive, prediabetic, 18-65 years of age,
receiving stable ART for at least 6 months, undetectable
HIV viral load (<50 copies/ml) and English speaking.
Exclusion criteria included any previous history of
type 2 diabetes, concomitant use of glucose altering
medication (corticosteroids, etc.), use of weight loss
drugs, pregnancy or breastfeeding and/or refusal or
inability to give informed consent to participate in the
study.

Participants (n=38) were randomized into either the
intervention group (n=20) or the control group (n=18) in
2017-2018. Participants randomized in the intervention
group received individualized sessions composed of
Medical Nutrition Therapy (MNT), nutrition education
and nutrition counseling, which are all based on the
American Diabetes Association (ADA) Standards of
Medical Care in Diabetes [33]. The first session lasted
approximately 1 hour, and each subsequent visit lasted
approximately 45 minutes, for a total of 6 visits. The
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intervention utilized a developed curriculum that
was specifically tailored to PLWH, which provided
structure to the intervention; however, each session
was individualized and catered to each participant’s
nutritional needs at the time of the session. At baseline,
the participants randomized into the control group
received educational material on prediabetes/diabetes,
also based on the ADA Standards of Medical Care in
Diabetes [33].

The educational portion of the intervention included the
following topics:

1)HIV,ART and prediabetes-howaretheyallinterrelated?

2) Understanding BMI and the importance of maintaining
normal body weight

3) Dietary Intake and the importance of fruits and
vegetables

4) Energy Expenditure and the importance of physical
activity

5) Dietary Fat and ways to avoid excessive eating
6) Alcohol and its effect on the body.

The overall goal of the intervention was to encourage
fruitsand vegetablesintake and promote physical activity,
both of which tends to be lacking in this low-income
population. Fasting blood was drawn at baseline and at
the 6-month follow up visit by a trained phlebotomist/
registered nurse to measure the levels of biomarkers of
interest. As whole blood was collected, it was separated
and processed into plasma and aliquoted to be stored at
-800C freezers and was batch analyzed between 2018-
2019. Samples were sent to LabCorp to obtain levels of
FBG and CRP and Enzyme Linked ImmunoSorbent Assay
(ELISA) kit from G-Biosciences was used to measure
changes in 80HdG.

Results

The study population (n=38) baseline characteristics
are shown in Table 1. The mean age was ~57 years
old, 58% were male with a mean annual income of
~$13,325.03/year, indicating that this is a low-income
population. The average years of HIV infection was ~20
years, demonstrating that people are living longer with
HIV. The average BMI was 30 kg/m?, which is considered
to be Obese Class 1. Average waist circumference, was
40% 4.7 inches, hip circumference was 42 * 4.7 inches
and waist-to-hip ratio (WHR) was 0.95 + 0.06. The mean
fasting blood glucose (FBG) was 108+ 7.3 mg/dl, which
falls within the American Diabetes Association (ADA)
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prediabetic guidelines of 100-125 mg/dl. The mean
inflammatory marker, high sensitivity C-reactive protein

Table 1. Study Population Baseline Characteristics

(hs-CRP), was 7.73 £ 21.19 mg/dl, which is considered
high, with normal ranges <3 mg/dl.

Baseline Intervention Group Control Group Mean Mann Whitney
Characteristic Mean *+ SD Mean +SD U-Test P value
Female: n=7 Female: n=8 --
Sex Male: n=13 Male: n=9 Males: n=22 (58%)
Transgender Female:
n=1
Age 55.55 £ 6.07 58.00 +8.72 56.7 * 7.4 years 0.4
13605.94 + $13,325.03 +
Income 13072.21 £ 8577.63 14323.91 $11.495 / year 0.51
Years of HIV 16.25 + 6.78 24.83 +8.12 20.3 + 8.5 years 0.002*
Infection
Body Mass Index 29.44 + 5.55 30.74 £ 5.50 30.1 £ 5.5 (obese) 0.4
f Female: 40.46 + 6.3  Female: 40.59 £ 5.17 Female: 0.73
Waist Circumference .
(inches) Male: 39.60 £3.86  Male: 39.28 +4.85 ~ 40+ 4.7inches Male: 0.80
Total: 39.90 £ 4.72  Total: 40.07 + 4.80 Total: 0.97
. Female: 44.53 + 6.00 Female:43.81 + 5.20 Female:0.56
Hip Circumference .
(inches) Male: 41.14 +3.76  Male: 41.09 + 446  42* 4.7 inches Male:0.89
Total: 42.32 £ 4.80  Total: 42.41 £ 4.73 Total: 0.84
\ Female: 0.91 + 0.05  Female:0.93  0.06 Female: 0.27
Waist-to-hip ratio
(WHR) Male: 096+ 0.06  Male:0.96 + 0.05 0.95+0.06 Male: 0.80
Total: 0.94 £ 0.06  Total: 0.95 + 0.06 Total: 0.84
Fasting Blood
Glucose (FBG) (mg/ 107.80 +6.26 108.33 £8.56 108.1 £ 7.3 mg/dL 0.79
dl)
High-sensitivity
C-Reactive Protein 9.02 £ 28.08 6.30 +5.30 7.73+21.19 mg/L 0.03*
(hs-CRP) (mg/dl)
8-hydroxydeoxygua-
nosine (80HdG) 127.23 £ 65.40 90.04 + 58.66 82.05 +46.22 mg/dl 0.21

(mg/dl)

Note: *Denotes significant difference between study arms with significance determined at p< 0.05.

There were no significant differences between the
two study arms at baseline for age, income, BM],
waist circumference, hip circumference, waist-hip
circumference (WHR), fasting blood glucose or 80HdG.
Significant differences were found in the number of
years of HIV infection between the intervention group
(mean=16 years) and the control group (mean=24 years)
(p=0.002) and levels of CRP within the intervention
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group (mean 9.02 mg/dl) and the control group (6.30
mg/dl, p=0.03).

Analyses using paired t-test, shown in Table 2, revealed
significant differences within the intervention group for
BMI (p=0.03), fasting blood glucose (p=0.03) and 80HdG
(p=0.04) after the 6-month nutrition intervention;
however, these significant differences were not observed
within the control group. No significant differences were
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observed for waist circumference, hip circumference,
waist-to-hip circumference or CRP levels in either the
intervention group or the control group. Moreover,
no significant difference was observed between the
two study arms at the 6-month follow-up for any of
these parameters (Mann Whitney U-test). However, a
significant difference was observed for BMI change for

Table 2. Results and Analyses

the participants in the intervention group compared to
the BMI change of the participants in the control group
(p=0.05). No significant differences were observed for
the remaining parameter changes (Table 3). All statistical
analyses were conducted on Statistical Package for the
Social Sciences (SPSS) Version 22.0 and p<0.05 was
considered significant difference.

Parameters Intervention Group Paired Control Group Paired Mann
(meanxSD) T-test (meanzSD) T-test Whitney
Baseline 6-Month (p-Value)  Baseline 6-Month (p-value)  U-Test (p-

value)

BMI 2944 +56 2882+55 *0.03 30.74+ 5.6 31.56+5.7 0.1 0.85

Waist (in) 399 +4.7 39.15+52 0.16 40.07+4.8 4141+49 0.13 0.93

Hip (in) 42.32+48 4232+42 0.74 42.41+4.7 432949 0.11 0.86

WHR 094 +0.1 093+0.1 0.56 0.95+0.1 0.96 0.1 0.11 0.75

FBG 107.8+6.3 96.2+183 *0.03 108.33+£8.6 99.23+34.7 0.07 0.86

CRP 9.02+29.0 4.12+4.2 0.4 6.3+5.3 434+4.1 0.12 0.43

80HdG 111.18 £ 82.65+8.7 *0.04 62.10+24.8 76.80+50.7 0.37 0.72
63.3

Note: *Denotes significant difference within study arm (paired t-test) with significance determined at p < 0.05.

Table 3. Comparisons of Parameter Changes between Study Groups

Parameter Intervention Group Control Group Change Mann Whitney U-test
Change Mean * SD Mean * SD P-Value

BMI -0.97 £ 1.75 0.122+1.51 0.05*

Waist (in) -0.89 £ 2.61 1.00+2.11 0.08

Hip (in) -0.02 £2.45 0.43 +2.73 0.52

WHR -0.03 £ 0.07 0.01 +0.04 0.22

FBG -12.20 £19.72 -10.69 £ 22.19 0.86

CRP -7.48 + 33.65 -2.68 +5.98 0.56

80HdG -22.55+50.19 13.36 £ 60.78 0.17

Note: *Denotes significant difference within study arm (paired t-test) with significance determined at p < 0.05.

Conclusion

After the 6-month nutrition intervention, there was
a significant reduction (p=0.03) in the fasting blood
glucose (FBG) levels within the intervention group at
the 6-month follow-up when compared to their baseline
values (paired t-test); however, this was not observed
in the control group (p=0.07). As can be seen, although
not significant, there was still an improvement in the
fasting blood glucose levels in the control group after the
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6-months, and this may be due to the unblinded nature
of the study. When the participants were made aware
of their prediabetic state at baseline, they were more
likely to make changes at that point. They were also
given educational material at baseline, which provided
additional information, promoting lifestyle changes. It is
also important to note that the FBG of the participants
in the control group still bordered the prediabetes FBG
range of 100-125 mg/dl, whereas the participants in the
intervention group were well below that range and were
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now in the normal FBG of <100 mg/dl. No significant
difference (p=0.861) was observed when comparing the
FBG values between the study groups at the 6-month
follow-up (Mann Whitney U-test).

We also observed a significant reduction (p=0.03) in the
body mass index (BMI) within the intervention group
after the 6-month intervention, which was favorable for
the control of hyperglycemia, with an average drop in
1 unit of mean BMI; however, the control group gained
weight and increased BMI during the same period
(p=0.10), resulting in a 1-unit increase in mean BMI.
Therefore, there were significant differences for BMI
changes between the groups (p=0.05). With the mean
BMI change in the intervention group being negative and
the mean BMI change in the control group being positive,
itisevidentthatthe participantsin theintervention group
were consistently losing weight, while the participants
in the control group were gaining weight.

Although there was no significant difference within the
groups after the 6-month intervention in regard to waist
and hip circumferences, it is notable to mention that the
waist and hip circumference in the control group actually
increased by 1 inch (each anthropometric parameter),
while the waist and hip circumference in the intervention
group remained the same after the 6-month intervention.
Moreover, although not significant, the waist-to-hip ratio
(WHR) also improved in the intervention group by 1 unit,
while the WHR in the control group increased by one
unit, and thus further increasing risk for other metabolic
conditions such as diabetes and cardiovascular disease.
These findings suggest that nutrition interventions
may be effective in halting the adverse effects of bodily
dysmorphia associated with HIV infection and chronic
use of ART treatment.

In relation to inflammation, no significant differences
were observed within or between the study groups
in C-reactive protein (CRP) levels. Lastly, a significant
reduction (p=0.04) was observed in levels of 8-hydroxy
deoxyguanosine (80HdG), a biomarker of oxidative
stress, within the intervention group; while the control
group did not show significant difference (p=0.37).
This finding suggests that nutrition interventions are
effective in lowering oxidative stress in prediabetic
PLWH by promoting lifestyle changes, thus lowering risk
for metabolic complications such as incident diabetes
and cardiovascular disease. No significant difference was
observed between the study arms at the 6-month follow-
up (p=0.72), which may be due to the small sample size
(n=38).
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Discussion

The increased risk for prediabetes/diabetes in
PLWH is well documented in the literature [7-9] and
while numerous studies have previously shown the
effectiveness of nutrition/lifestyle interventions in
lowering diabetes risk among people with prediabetes
[13,16,17], this research has been lacking in PLWH.
However, studies such as this one, are now emerging,
demonstrating the effectiveness of interventions in
promoting positive outcomes and lowering diabetes risk
in prediabetic PLWH. A recent mixed-methods study by
Duncan et al. [34] conducted a 6-month diet and physical
activity intervention for prediabetic PLWH. They
provided individualized advice monthly (n=28) and
assessed diabetes risk based on pre-post glucose and
insulin responses to 3-hour meal tolerance test. They
found that glucose, insulin, waist circumference, systolic
blood pressure and triglycerides were significantly
reduced after the 6-month intervention [34]. They
concluded that their 6-month intervention was effective
in mitigating the increased risk of type 2 diabetes
associated with HIV infection; however, they did not
have a control group.

The results of the study conducted by Duncan et al
supports the results of this current intervention study,
demonstrating the effectiveness of lifestyle changes in
lowering diabetes risk in prediabetic PLWH. Along with
significant reduction of fasting blood glucose in the
intervention group (p=0.03) in our study, there were
significant reductions in BMI (p=0.03) and 80HdG levels
(p=0.04) within the intervention group after the 6-month
intervention. Moreover, while participants in the control
group were gaining weight after the 6-month duration
with a unitincrease in BMI, waist and hip circumferences
and WHR, these same anthropometric parameters (BMI,
waist/hip circumference, WHR) of the participants in
the intervention group either remained relatively the
same (waist/hip circumferences) or improved (BMI,
WHR); this suggests that the intervention was effective
in halting and/or reversing the progressive adverse
effects associated with prediabetes in PLWH.

The positive outcomes from this intervention study and
the study by Duncan et al. demonstrated the effectiveness
of lifestyle modifications in lowering diabetes risk by
significantly loweringblood glucose levels, BMI, oxidative
stress, insulin, waist/hip circumference, systolic blood
pressure and triglyceride levels in prediabetic PLWH.
There are no other known intervention studies that were
conducted in this particularly unique population. Larger
scale studies with longer duration of follow-up visits are
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needed in this high-risk population to determine if they
are effective in subsequently lowering diabetes incidence
and overall prevalence in prediabetic PLWH.
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