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treated with antiretroviral drugs

Agata Jackiewicz', Marcin Czarnecki’, Anna Przeliorz-Pyszczek', Brygida Knysz?

'Division of Dietetics, Wroclaw Medical University, Poland
*Department of Infectious Diseases, Liver Diseases and Acquired Immune Deficiences, Wroclaw Medical University, Poland

Abstract

Introduction: Metabolic syndrome has become an important issue affecting the long-term prognosis
of human immunodeficiency virus (HIV) patients in the context of cardiovascular disease. The aim
of the study was to determine whether the amount and quality of dietary fats consumed had an effect on
total, low-density lipoprotein (LDL) and high-density lipoprotein (HDL) cholesterol and triglycerides
(TG), the glycemic load had an effect on TG concentration, and quality of consumed fats had an impact
on cardiovascular risk.

Material and methods: 80 HIV(+) patients treated with protease inhibitors (PIs) and nucleoside
reverse transcriptase inhibitors (NRTIs) were involved in the study. Information on the diet and eat-
ing habits was collected by 24-hour dietary recall and a questionnaire prepared by the researchers.
The analysis of nutritional value of the diet was made using the Food Processor diet program.

Results: A statistically significant correlation between saturated fatty acids (SFA) diet content and
a negative correlation between the content of polyunsaturated fatty acids (PUFA) and LDL cholesterol
levels was observed. A positive correlation between omega 6 (n6)/omega 3 (n3) fatty acid ratio, and
negative between glycemic load of diet and total cholesterol levels were found. The 10-year risk of CD
was: high 3.75%, medium 12.5%, low 83.75%. Smoking was the most potent risk factor.

Conclusions: The diets of the study group of HIV(+) patients should be properly balanced and require
modifications of many nutritional habits. The effectiveness of treatment of HIV-infected patients may
be strongly influenced by dietary intervention. Therefore it seems advisable to include a dietitian in
the group of specialists who take care of these patients.
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Introduction
As in the general population, the clinical problem has be-

Introduction of highly active antiretroviral therapy
(HAART) allowed the life expectancy of human immuno-
deficiency virus (HIV)-positive people to be prolonged [1].
There has also been a decrease in mortality and morbidity
associated with immunodeficiency induced by HIV [2].
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come, among others, metabolic disorders and related cardio-
vascular diseases (CVD) [1, 3].

Metabolic syndrome has become an important issue af-
fecting the long-term prognosis of HIV(+) patients in the
context of CVD [4].
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Increase of triglycerides (TG), total cholesterol (TC) and
low-density lipoprotein cholesterol (LDL-C) levels as well as
the decrease of high-density lipoprotein cholesterol (HDL-C)
levels are well-known problems associated with the use of com-
bined antiretroviral therapy (cART) [1, 5]. Studies of both
Polish and foreign authors showed disturbances in the lipid
profile, and values were dependent on the class of antiretrovi-
ral drugs used [1, 6, 7]. Similarly as in the case of hypercho-
lesterolemia, the severity of hypertriglyceridemia depends on
the class of antiretroviral drugs used. Hypertriglyceridemia’s
prevalence may reach even 60% with the combination of nu-
cleoside reverse transcriptase inhibitors (NRTTs) with protease
inhibitors (PIs) [8].

An important issue from the point of view of dyslipid-
emia prevention and its treatment in the context of CVD is
the quality of consumed fat, as demonstrated in the Seven
Countries Study [9, 10]. It is worth noting that saturated fat-
ty acids (SFA) intake causes a significant increase in the TC
and LDL-C levels in the blood [8].

Monounsaturated and polyunsaturated fatty acids (mono-
unsaturated fatty acid - MUFA, polyunsaturated fatty acid
- PUFA) have an LDL-lowering effect. In addition, MUFA
causes an increase in HDL-C concentration [11, 12]. Poly-
unsaturated fatty acids, in particular long-chain forms, and
the omega 6 to omega 3 (n6/n3) ratio of 4-5 : 1 [13] have
anti-atherosclerotic, anti-inflammatory and anti-aggregating
effects [14], favoring protection against the occurrence of dis-
eases associated with the cardiovascular system [15-17].

In the context of reducing the risk of CVD the use
of the Mediterranean diet is discussed [14, 16]. Numerous
studies suggest that the optimal ratio of n-6/n-3 fatty acids
can be achieved thanks to the Mediterranean diet. It is be-
lieved that the increased ratio of these fatty acids promotes
the development of CVD, cancer, and inflammatory and
autoimmune diseases [13].

Non-pharmacological treatment including nutritional
support could promote better control of lipid levels, leading
to reduced CVD risk, reduce the need for additional phar-
macotherapy and also avoid drug interactions or other side
effects [4, 18].

The aim of the study was to determine whether
the amount and quality of dietary fats consumed had
an effect on TC, LDL-C and HDL-C and TG, the glycemic
load had an effect on TG concentration, and the quality
of consumed fats had an impact on cardiovascular risk
calculated using the Framingham scale.

Material and methods
Material

The study included 80 HIV-positive patients aged 18-
70 years who were on stable NRTIs together with PIs based
antiretroviral therapy for at least 12 months after the onset
of treatment. The patients were selected from the Prophy-
lactic and Infectious Diseases Center and Addiction Therapy
in Wroclaw, Poland. Acquired immune deficiency syndrome
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(AIDS) was an exclusion criterion. Patients were informed
about the purpose of the study and its voluntary and anony-
mous nature, and signed informed consent to participate in
the study.

Clinical evaluation

All patients were evaluated during their visit to a dieti-
tian. During the visit age and gender data were collected
along with anthropometric measurements. In order to as-
sess the patients’ nutritional habits, 24-hour dietary recall
and the author’s questionnaire which asked about levels
of physical activity, smoking, the amount and type of meals
consumed, the culinary techniques used and the frequency
of consumption of the food groups were used. In addition,
information on blood pressure, lipid profile, medications
used in its treatment (statins, fibrates), hypoglycemic medi-
cations, and hypertension treatment use was gathered from
existing medical records.

Methods
Laboratory tests

The results of laboratory tests were obtained from rou-
tine examinations of patients under constant medical super-
vision. TC, LDL-C, HDL-C and blood TG levels were taken
into account.

Anthropometric measurements

The anthropometric measurements included body
weight, height and hip/waist circumference. Waist and hip
circumferences were measured using a standard measur-
ing tape to the nearest 1 cm. The waist circumference was
measured halfway between the upper hip bone crest and
the lower rib curve. The hip circumference was measured at
the widest point below the hip plates, at the bulge of the but-
tocks [19]. A proper result according to the International
Diabetes Federation guidelines was defined as waist circum-
ference < 94 cm for men and < 80 cm for women [20].

The WHR (waist-hip ratio) was used to determine body
type, the value of which depends on the distribution of ad-
ipose tissue in the body. The WHR was calculated using
the obtained waist and hip circumferences. Values < 1.0 in
men and < 0.8 in women indicate gynoid obesity, while val-
ues > 1.0 in men and > 0.8 in women indicate the presence
of android (abdominal) obesity [19].

Body mass index (BMI) was used to classify body mass.
Its values were referenced to World Health Organization
(WHO) BMI ranges [21].

Cardiovascular risk assessment based on
the Framingham scale

According to the recommendations from the Polish
AIDS Society (PTN AIDS), the Framingham scale was used
to assess cardiovascular risk of HIV-infected patients [21].
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Ten-year cardiovascular risk was assessed on the basis
of the sum of the points awarded. Table 1 presents the number
of points awarded during the assessment based on the Fram-
ingham scale. Low risk of cardiovascular events was found to
be low < 10%, moderate 10-20%, and high > 20% [22]. Esti-
mates of 10-year risk for coronary heart disease are presented
in Table 2.

Evaluation of intake of particular nutrients

Nutrition data were collected using a 24-hour dietary re-
call from the three days preceding the study, two weekdays
and one weekend, and then entered in the ESHA Food Pro-
cessor [23, 24]. The data obtained were compared with HIV
norms, which according to the WHO report do not differ
from those of the general population [25, 26].

Statistical analysis

For the purpose of the study collected material was up-
loaded to a specially developed database in Excel 2007. All
calculations were made using the statistical package SPSS
Statistica 21.0.

The results were analyzed descriptively and statistically.
The X* test was used to examine the statistical relationship
between the analyzed features. The results obtained were
statistically analyzed by the x* test for independent trials.
5% risk of error inference was assumed. The probability
value p < 0.05 was considered statistically significant.

Results

Data were collected from 80 HIV-infected patients aged
24-67 years (40.6 + 8.8) on NRTIs + PIs. The characteristics
of the study group are presented in Table 3. The mean body
mass index among patients was 24.04 kg/m?*(18.2-45.4 kg/m?);
33.8% of subjects had abnormal BMI exceeding 25 kg/m®.
The mean WHR in the study population was 0.91, with 0.81
for women and 0.94 for men. In all 6 patients with BMI more
than 30 kg/m? android obesity was reported.

Mean blood pressure values in the study group were
128.35 (+ 21.42)/82.56 (+ 10.80) mmHg.

Two of the 80 patients used lipid-lowering drugs, one
hypoglycemic agent, and 16 hypotensive agents. The trigly-
ceride values of patients treated with fibrates did not exceed
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Table 1. Estimate of 10-year risk for coronary heart disease
Framingham point scores

Risk n %

< 1% 18 22.50

1% 18 22.50

2% 9 11.25

3% 3 3.75
Low 83.75

4% 5 6.25

5% 5 6.25

6% 8 10.00

8% 1 1.25

10% 3 3.75

11% . 2 2.50
Medium 12.50

12% 4 5.00

16% 1 1.25

20% . 2 2.50
High 3.75

30% 1 1.25

124 mg/dl. In contrast, the TG level of a patient using met-
formin was 160 mg/dl. The diet of all three patients was char-
acterized by high glycemic loads, saturated fatty acid content
and n6/n3 ratio, as well as low physical activity.

Characteristics of lipid profile

The mean TC level in the study group was 184.39 mg/dl,
LDL-C 103.75 mg/dl, HDL-C 52.30 mg/dl and TG 146.67 mg/dL
Abnormal TC values (= 190 mg/dl) were reported in
32 patients, LDL-C (= 115 mg/dl) in 24 patients, HDL-C
(women < 50 mg/dl, men < 40 mg/dl) in 27 patients and TG
(= 150 mg/dl) among 31 patients. The characteristics of the
lipid profile of the group are presented in Table 4.

Nutritional value of the diet

The caloric intake of the study population was 2449.01 +
693.05 calories per day. In the study group the mean diet en-
ergy profile was 46.81 + 7.37% from carbohydrates, 14.58 +
3.34% from proteins, and 36.97 + 7.60% from fat. The amount
of SFA in the diet was 13.30 + 3.80% on average, monounsatu-

Table 2. Characteristics of the number of points awarded to assess the 10-year risk of cardiovascular diseases by the Framin-

gham scale
Factor Age Cigarette smoking | HDL-cholesterol Total cholesterol | Systolic pressure
Awarded points -1.33 301.00 47.00 272.00 44.00
Mean -1.66 3.76 0.59 3.40 0.55
SD 5.65 3.58 1.21 2.86 0.84
Median -3.00 4.00 1.00 4.00 0.00
Minimum -9.00 0.00 -1.00 0.00 0.00
Maximum 12.00 9.00 2.00 11.00 3.00
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Table 3. Characteristics of the group of patients (n = 80)

Factor Mean SD Minimum Maximum Median
Age 40.60 8.80 24.00 67.00 39.00
Height (m) 1.73 0.72 1.58 1.88 1.74

BMI (kg/m?) 24.04 4.47 18.20 45.40 22.90
Weight (kg) 72.18 14.61 49.00 125.00 70.00
Waist circumference (cm) 87.52 12.13 64.00 122.00 85.00
Hip circumference (cm) 96.45 8.30 85.00 145.00 95.00
WHR 0.91 0.09 0.70 1.15 0.89

Table 4. Characteristics of the lipid profile of the group of
patients (n = 80)

Parameter | Total cholesterol | HDL LDL TG

Mean 184.39 52.30 | 103.75 | 146.77
SD 43.89 20.21 40.61 64.39
Minimum 70.00 24.00 14.00 47.00
Maximum 303.00 119.00 | 196.00 | 343.00
Median 177.00 44.00 98.00 132.00

Table 5. Content of saturated, monounsaturated and poly-
unsaturated fatty acids in patients‘ diets (n = 80)

Parameter Mean SD Median Max Min
SFA (g) 37.87 | 17.05 | 34.45 92.85 7.17
SFA % 13.20 3.80 12.81 2231 3.31
MUFA (g) 40.65 | 15.85 | 39.22 84.30 7.40
MUFA % 14.31 3.45 14.20 21.85 3.42
PUFA (g) 19.44 9.72 17.51 48.39 2.74
PUFA % 6.91 2.87 6.23 15.77 1.27

rated fatty acids accounted for 14.31 + 3.45% while polyunsat-
urated fatty acids 6.91 + 2.87% of dietary energy.

In evaluated diets, the amount of n-6 consumed exceed-
ed the norm twice and the norm for n-3 acid intake was ful-
filled. Table 5 presents the content of SFA, MUFA and PUFA
in patients’ diets. The polyunsaturated fatty acids comprised
16.84 + 8.97 g omega-6 fatty acid and 2.39 + 1.50 g omega-3
fatty acids. The characteristics of polyunsaturated fatty acids
in patients’ diets are presented in Table 6.

Characteristics of lifestyle

About 58.75% answered the questionnaire positively about
smoking, while 41.75% did not report smoking in the last
year. Another question was about the level of physical activity.
Only 19 patients (23.8%) reported fulfilling the recommended
amount of physical activity of 30-60 minutes each day [27].

Cardiovascular risk calculated
by Framingham scale

The 10-year low risk of cardiovascular disease applied to
83.75%, medium 12.50%, and high 3.75% of the study pop-

Table 6. Characteristics of polyunsaturated fatty acids in patients’ diets (n = 80)

Omega-6 fatty acid

Parameter Mean SD Median Max Min

Linoleic 16.69 8.86 15.12 43.72 2.48
Arachidonic 0.15 0.11 0.12 0.60 0.02

The sum of omega-6 16.84 8.97 15.24 44.32 2.50
Omega-3 fatty acid

Parameter Mean SD Median Max Min

Alpha-linolenic 2.28 1.29 2.12 9.72 0.14
EPA 0.08 0.14 0.01 0.63 0.00
DHA 0.03 0.07 0.01 0.40 0.00
The sum of omega-3 2.39 1.50 2.14 10.75 0.14
n6/n3 fatty acid ratio

Parameter Mean SD Median Max Min

né/n3 ratio 7.04 5.99 7.14 4.12 17.86

HIV & AIDS Review 2019/Volume 18/Number 1
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Table 7. Pearson’s correlation between SFA, n6/n3 ratio and glycemic load, and lipid profile (n = 80) for significance level p < 0.05

Parameter SFA% MUFA% PUFA% n6/n3 Glycemic load
r 0.12 -0.06 0.09 0.28 0.09
Total cholesterol
p NS NS NS 0.01 NS
r 0.26 0.18 -0.22 0.06 -0.22
LDL cholesterol
p 0.04 NS 0.05 NS 0.05
r 0.02 0.09 -0.04 0.18 0.10
Triglicerydes
p NS NS NS NS NS
r -0.12 0.16 0.07 0.07 -0.15
HDL cholesterol
p NS NS NS NS NS

ulation. During the risk assessment the most points were
awarded respectively for smoking, total and HDL-C and
systolic blood pressure. Young age was a factor reducing car-
diovascular risk in the study group. The study showed a sta-
tistically significant relationship between the ratio of n6/n3
and cardiovascular risk. Risk increased with a higher ratio
of fatty acids.

Effect of lipid quality on lipid profile
parameters

The analysis of the results showed a statistically signif-
icant positive correlation between the content of SFA in
the diet and a negative correlation between the PUFA con-
tent and the LDL-C level. A correlation was also observed
between the n6/n3 ratio in the diet and the TC values. Fur-
thermore, a statistically significant relationship was found
between the glycemic load and cholesterol values in the diet.
With the increase of the load, LDL-C decreased (Table 7).
The analysis of the results showed no significant correla-
tion between physical activity, fat content in diet and gly-
cemic load and patients BMI and WHR (Table 8). There
was a statistically significant correlation between WHR and
triglycerides and HDL cholesterol levels. As the WHR in-
creased, TG values increased while HDL-C levels decreased.

Discussion

In our study on 80 HIV(+) patients treated with PIs, ab-
normal values of TC were found in 40% of participants. This
is reflected in the observations of others, including Polish
authors [7]. In our group the proportion of patients with
abnormal LDL levels was higher than in the HIV(+) pa-
tients from the POLCA cohort who were not treated with
ARV drugs (30% vs. 21%). Incorrect HDL-C values were
more common in our population than in the POLCA cohort
(33.75% vs. 20%), which may be due to the use of cART [7].

Incorrect TG values were observed in a larger proportion
of subjects in our study compared to Tsiodras et al. (38.75%
vs. 19%). This difference may be due to the lack of interview
about the use of hypoglycemic drugs in the Tsiodras et al.
report [28]. It was found in our study that only 2 patients

Table 8. Pearson’s correlation between glycemic load, di-
etary fat content and level of physical activity, and BMI and
WHR of patients (n = 80) for significance level p < 0.05

Parameter BMI WHR
) r 0.057 0.283

Glycemic load

p NS NS

r 0.217 -0.007
Fat content (%)

p NS NS

r 0.019 0.033
Physical activity

p NS NS

received fibrates and only 1 metformin, and it had no sig-
nificant effect on the mean lipid profile. In addition, the Ti-
sodras et al. study was conducted between 1993 and 1998
when the quality of the consumed products was different
from those of the years 2015-2016. Nowadays, high-pro-
cessed products are commonly consumed, which due to
high caloric density and glycemic index can affect TG con-
centrations.

The analysis of patients’ diets revealed many bad dietary
habits leading to poorly balanced diets. Patients consumed
too much meat, which is a large source of saturated fat-
ty acids. Three quarters of the patients eat red meat often
while fish, which is an important source of polyunsaturated
fatty acids, is neglected in the diet by a quarter of the study
population. The quality of the consumed fat can be as-
sessed as relatively good. The vast majority of patients re-
port the consumption of vegetable oils, the most commonly
chosen being rapeseed oil and olive oil. However, it should
be noted that half of the respondents use butter, a common
source of SFA, in their cooking. Dairy products, which are
an important source of easily digestible protein in the diet,
are selected by nearly 50% in a non-recommended whole
fat form. Patients consume too many sweet drinks, snacks
and added sugar. They are a source of simple sugars, which
should be minimized or eliminated completely from the
diet as recommended by the American Heart Associa-
tion [29]. In the study group almost half of the patients use
techniques leading to adverse changes in nutritional values
of the meals.

HIV & AIDS Review 2019/Volume 18/Number 1
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According to the WHO guidelines, the diet of HIV-in-
fected patients without AIDS should be based on proper
nutrition recommendations, so proteins should represent
15%, carbohydrates 50-70% and fats 20-35% of energy
needs [25, 26]. The analysis of diet composition showed
that the amount of consumed fat was too high and its qual-
itative composition was unfavorable. In addition, in almost
half of the diets the amount of fiber consumed did not meet
the recommended standards.

According to the standards of nutrition for the Pol-
ish population, SFA should not exceed 10% of the energy
of the diet [24]. However, according to the recommenda-
tions of the American Heart Association in 2013, individuals
should reduce the consumption of SFA by up to 5-6% of en-
ergy from the diet [30]. In this study the amount of SFA ex-
ceeded twice the recommended value. We have shown that
a high SFA content in the diet promotes higher LDL-C levels,
whereas higher PUFA intake correlates negatively with its
values. The mechanism of influence of individual fatty acids
on the level of lipids has been studied [31], and numerous
studies confirm the relationship between high levels of SFA
and low PUFA in diets and LDL-C concentrations [32].
We did not find any correlation between the consumption
of SFA and the TC reported by other investigators, which
may be due to the small sample size of the study group [17].

In this study we found that the mean ratio of n6/n3 ex-
ceeded the recommended 4-5 : 1 [15]. We also found a cor-
relation between the ratio of n6/n3 in the diet and TC values.
Their concentrations increased with a higher ratio of né/
n3. No other studies have discussed the effects of the fatty
acid ratio on TC. However, a low ratio of n6/n3 is known
to reduce the risk of many diseases and to reduce the risk
of cardiovascular events [13, 33]. Another statistically sig-
nificant correlation observed in our study was between gly-
cemic load diet and LDL-C. With the increase in glycemic
load LDL -C decreased. Other studies confirm the existence
of an inverse correlation [33-35]. This contradiction may be
related to the previously reported negative correlation be-
tween consumption of PUFA and LDL-C level, which was
not considered in the study by Li et al. [34]. It can be as-
sumed that PUFAs effect on lowering LDL-C could have
been adversely affected by higher glycemic load. The above
results allow for a partial acceptance of the research hypo-
thesis concerning the effect of the quality and amount of fat
consumed on the lipid profile.

The glycemic load is positively correlated with the TG
concentration and an indicator that allows one to assess
the dietary load of carbohydrates [36]. Finley et al. demon-
strated a positive correlation between glycemic load [37] and
TG concentration which was not confirmed by our study.
The reason for this may be the underestimation of dietary
glycemic values due to the reluctance of patients to disclose
to the dietician information on the consumption of non-rec-
ommended products abounding in simple sugars (sweets,
sweetened drinks or sweeteners). The results of our study do
not allow the hypothesis that the glycemic load of a diet af-
fects TG concentration.
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Physical activity is one of the key determinants of
health [38]. It affects blood cholesterol levels [21], as noted
in the study group. The recommended 30 minutes of ac-
tivity a day was followed by only 1/4 of the study patients.
A higher proportion of patients in this group compared to
the group with lower physical activity had normal HDL-C
(47.4% vs. 39.3%) and TG (62.3% vs. 52.6%). The bene-
fits of physical activity were also presented by Silva et al.
in the ELSA-Brasil Study, where moderate physical activ-
ity practice > 150 minutes a week was associated with in-
creased HDL-C and decreased TG level means by 0.98 mg/
dl and 1.05 mg/dl respectively [39].

Calculations on the Framingham scale reported high
cardiovascular risk in 3.75% and medium 12.5% of study
patients. This represented almost of the examined group.
Almost 60% of patients smoked cigarettes, which drasti-
cally increases cardiovascular risk [40]. In the study group
smoking was the critical factor influencing the high CVD
risk. Next were total and HDL-C. Studies have shown
a positive correlation between the ratio of n6/n3 and car-
diovascular risk. This dependence was also described by
Harris [41].

We found no correlation between the amount of SFA,
MUFA and PUFA and cardiovascular risk. This allows for
a partial acceptance of the validity of the research hypo-
thesis. However, it is important to note that relatively young
age was a protective factor in the study group. Therefore it
can be expected that with the aging of the patients and no
change in the eating habits that aggravate lipid disorders
over time the cardiovascular risk will increase. According
to the National Health and Nutrition Examination Surveys
(NHANES) 1990-2004 the prevalence of metabolic abnor-
malities increased with age [42]. A similar finding was seen
among the Canadian population where Setayeshgar et al.
found that age was one of the strongest factors aggravating
the risk of CVD [43].

Conclusions

The diet of the study group of HIV(+) patients should
be properly balanced and requires modifications of many
nutritional habits. Despite the use of antiretroviral drugs
that have a negative effect on the lipid profile, improper diet
seems to be a factor in the deterioration of its parameters.

The most important goal of lowering cardiovascular
risk calculated with the Framingham scale would be to raise
awareness and induce patients to quit smoking, to consider
dietary intervention that emphasizes the quality of dietary
fats that influence lipid profile and focus on a more active
lifestyle in order to complete the scheme of non-pharmaco-
logical treatment to improve lipid management.

The effectiveness of treatment of HIV-infected patients
may be strongly influenced by dietary intervention. There-
fore it seems advisable to include a dietitian in the group
of specialists who take care of these patients. Dietary support
should be offered even to those patients whose cardiovascu-
lar risk is low, as it will increase with aging.
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