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Background. Hypercholesterolemia is a well established risk factor for coronary heart disease and is highly prevalent among
human immunodeficiency virus (HIV)-positive persons. Antiretroviral therapy (ART) can both directly modify total cholesterol
and have drug-drug interactions with statins. This makes investigating modifiable behavioral predictors of total cholesterol a pertinent task.
Methods. To explore the association between diet and physical activity with cross-sectionally measured total cholesterol, we
administered a validated Food-Frequency-Questionnaire to participants of the Swiss HIV Cohort Study ≥45 years old. Linear
mixed-effects models were applied to explore the associations between dietary patterns and physical activity with total cholesterol,
after adjustment for clinical and demographic covariates.
Results. In total, 395 patients were included. Forty percent (158 of 395) had elevated total cholesterol (>5.2 mmol/L), and 41%
(164 of 395) were not regularly physically active. In multivariable analysis, 2 factors were positively associated with total cholesterol;
female sex (β = 0.562; 95% confidence interval [CI], 0.229–0.896) and the combined consumption of meat, refined/milled grains,
carbonated beverages, and coffee (β = 0.243; 95% CI, 0.047–0.439). On the other hand, regular physical activity (β = −0.381; 95%
CI, −0.626 to −0.136), lipid-lowering drugs (β = −0.443; 95% CI −0.691 to −0.196), ART containing tenofovir (β = −0.336; 95% CI
−0.554 to −0.118), and black ethnicity (β = −0.967; 95% CI −1.524 to −0.410) exhibited a negative association.
Conclusions. We found independent associations between certain dietary patterns and physical activity with total cholesterol.
Increasing physical activity might achieve cardiovascular and other health benefits in HIV-positive individuals. The clinical relevance of the identified dietary patterns requires further investigation in prospective cohort studies and randomized controlled trials.
Keywords. aging; diet; HIV; physical activity; total cholesterol.

Although life expectancy in human immunodeficiency virus
(HIV)-positive people on antiretroviral therapy (ART) has
improved worldwide in recent years, it remains shorter in comparison with the general population [1].
Total cholesterol is a well established and low-cost marker
of coronary heart disease (CHD), even across cultures [2].
A recent systematic review and meta-analysis showed that total
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cholesterol is a strong risk factor for CHD in the general population, with 1-mmol/L increase in total cholesterol associated
with 20% higher risk of CHD in women and 24% in men [3].
Both HIV infection per se and its treatment may be associated with high total cholesterol [4]. Certain ART agents are
associated with a range of metabolic abnormalities—including
HIV lipodystrophy, dyslipidemia, diabetes mellitus, and insulin
resistance [5]—and contribute to the elevated risk of cardiovascular disease (CVD) [6]. In addition, individuals who are HIV
positive generally tend to have a higher rate of traditional risk
factors for CVD such as smoking and hyperlipidemia [7].
Although statins can significantly reduce total cholesterol, their use might present a challenge for HIV-positive
patients due to drug-drug interactions with ART [8] and in
light of the main treatment goal to achieve viral suppression, which often requires change of regimen. Moreover,
older patients who are HIV positive have an elevated risk of
polypharmacy [9].
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All this makes understanding the contribution of behavioral
factors like dietary habits and physical activity a pertinent task
which carries a possible prevention potential [10, 11], because
both are modifiable risk factors. Although current guidelines
encourage the implementation of lifestyle changes before statins
initiation for CVD prevention [12], no empirical data about the
association of diet and exercise with total cholesterol in aging
HIV-positive individuals are available.
Therefore, the main aims of this study were as follows: (1)
describe the predictors of total cholesterol in an aging HIVpositive population living in a resource-rich setting; (2) describe
the major dietary patterns of this population; (3) and examine
whether behavioral determinants such as dietary patterns and
physical activity independently correlate with total cholesterol
after adjustment for highly active ART, lipid-lowering drugs,
and other confounders.
METHODS
Swiss Human Immunodeficiency Virus Cohort Study

The Swiss HIV Cohort Study (SHCS) is a large, ongoing, multicenter cohort study of HIV-positive individuals with a prospective recruitment since 1988 [13]. During the biannual
outpatient visits, comprehensive clinical and behavioral data
(including leisure physical activity) are collected. The patients
described in this study are all enrolled in the SHCS nested
project “Metabolism and Aging”, which includes participants
≥45 years of age undergoing dual energy x-ray absorptiometry
scan, neurocognitive testing, and in the 2 centers of Zurich and
Geneva additionally coronary computed tomography scan.
For this project, Metabolic and Aging study participants of
the Zurich, Berne, and Geneva centers were enrolled. Ethical
approval of the SHCS and written informed consent from all
participants were obtained upon cohort enrollment.
Dietary Assessment

Information on diet was obtained by a short and validated
Food-Frequency Questionnaire (FFQ). This qualitative FFQ
was originally used in the large INTERHEART study conducted
in 52 countries [14] and was administered thereafter in several
other large international studies [15, 16]. In this questionnaire,
participants are asked, “In the last 12 months, how often did
you consume foods from each of the following categories?”
A list of 23 broad food categories is then presented, and the
subject states the number of consumed items per month, week,
or day. Because this FFQ was designed for use in international
studies, it contains all of the main food groups, ie, dairy, meat,
fish, fruits, and vegetables, and has been found to be applicable to different countries despite regional dietary differences
[14]. Although we intentionally kept the original questionnaire
intact to maintain its validity, we added a short supplementary
part that gathered additional information about the following:
(1) dietary supplements (vitamins, minerals, etc); (2) coffee
and tea consumption; and (3) major dietary change in the last
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2 years. Data about alcohol consumption are regularly gathered
in the SHCS. The FFQ interviews were conducted by phone by
a trained staff and were collected using the REDCap electronic
data capture tool [17] hosted at University Hospital Zürich.
Statistical Analysis

To assess the dietary patterns, first, all food items were converted into daily consumption. Then, Ward error sum of
squares hierarchical clustering method [18, 19] was used with
1-Kendall’s tau correlation matrix as an input. Based on the
classification output, the 4 largest and most general food clusters were extracted, and for each person the sum of the consumption frequency of food items that belong to each of the 4
clusters was calculated separately. In other words, each person
received 4 score variables (pattern I to pattern IV) that reflected
the cumulative consumption frequency of the food items for
each pattern.
Linear mixed-effects model with per center random intercept
was used to assess the correlation between dietary patterns and
total cholesterol. The closest available total cholesterol measurement to the dietary assessment was used regardless of fasting
state. Fasting state during the measurement was adjusted for
in the multivariable models. Two multivariable models were
explored: (1) the minimally adjusted model, only for age, sex,
risk group, physical activity, ART, lipid-lowering drugs, and
fasting state; and (2) the model that was adjusted for the covariates in model I plus additional demographical and clinical
covariates (ethnicity, university education, living alone, smoking, depression, diabetes, hypertension, number of years on
ART, recent dietary change, multivitamin supplement, Omega
3 supplement, protein powder supplement) (Figure 4). Because
the cumulative consumption scores were skewed to the right,
they were ln(x+1) transformed. Benjamini-Hochberg adjustment for multiple testing was performed for the correlation
matrix (Figure 2) but not for the multivariable analysis, due to
limited power. Statistical analysis was performed with R (version 3.3.2).
RESULTS
Patients

In total, from June 2016 until October 2017, of 539 eligible
participants 395 (73.3%) were interviewed for the study, the
remaining either refused to participate (n = 31, 5.8%), could not
be reached on at least 5 different occasions (n = 111, 20.6%), or
provided incomplete response (n = 2). The median age of the participants was 55.7 years (interquartile range [IQR], 52.2–60.8),
the majority were male (85.6%, 338 of 395), of white ethnicity
(94.4%, 373 of 395), and belonged to the men-who-have-sexwith-men (MSM) risk group (59%, 233 of 395) (Table 1). A total
of 11.6% (46 of 395) were obese and 32.4% (128 of 395) were
overweight. The median time on ART was 14.2 years (IQR, 8.8–
20.4), and the median most recent CD4 value was 648 cells/µL
(IQR, 494.5–816.0). The vast majority of patients (95.9%, 379

Table 1.

Patient Characteristics

Characteristics
n

Overall
395

Age (median [IQR])
Sex, female (%)

55.7 [52.2–60.8]
57 (14.4)

Ethnicity (%)
White

373 (94.4)

Black

15 (3.8)

Hispanic

7 (1.8)

Risk Group (%)
Heterosexual

108 (27.3)

Men who have sex with men

233 (59.0)

Injecting drug users

24 (6.1)

Other

30 (7.6)

University education, yes (%)

55 (13.9)

Living alone, yes (%)

162 (41.0)

Current smoking, yes (%)

126 (31.9)

BMI (%)
Normal (≥18.5–25)

212 (53.7)

Overweight (≥25–30)

128 (32.4)

Obese (≥30)
Underweight (<18.5)
Depression, yes (%)
Diabetes, yes (%)
Hypertension, yes (%)
Lipid-lowering drugs, yes (%)
Virally suppressed, yes (%)
CD4 (median [IQR])
Years on ART (median [IQR])

46 (11.6)
9 (2.3)
59 (14.9)
23 (5.8)
135 (34.2)
98 (24.8)
379 (95.9)
648.0 [494.5–816.0]
14.2 [8.8–20.4]

On NRTI, yes (%)

320 (81.0)

On NTRTI, yes (%)

192 (48.6)

On NNRTI, yes (%)

117 (29.6)

On PI, yes (%)

107 (27.1)

On INTI, yes (%)

227 (57.5)

Physical activity (%)
Never
1–4 times a month

124 (31.4)
40 (10.1)

1–2 times a week

81 (20.5)

≥3 times a week

150 (38.0)

Dietary Change in the Last 2 Years (%)
No
Became vegetarian
Other change

360 (91.1)
3 (0.8)
32 (8.1)

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; INTI, integrase inhibitor;
IQR, interquartile range; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI,
nucleoside reverse-transcriptase inhibitor; NTRTI, nucleotide reverse-transcriptase inhibitor; PI, protease inhibitor.

of 395) were virally suppressed with HIV viral load below 50
copies/mL.

(Pattern I) “Meat,” “Refined/ milled grains,” “Carbonated
beverages,” “Coffee” - This pattern positively correlated with
smoking, with 21.4% (22 of 103) of smokers in the lowest
quartile and 45.8% (44 of 96) of smokers in the highest quartile
(Fisher’s exact test, P < .001) (Supplementary Table 1); (Pattern
II) “Organ meats,” “Poultry,” “Fish/seafood,” “Alcohol” Pattern II negatively correlated with female sex, with 26.7%
(27 of 101) females in the lowest quartile and 8.2% (8 of 97) in
the highest consumption quartile (Fisher’s exact test, P = .001)
(Supplementary Table 2); (Pattern III) “Whole grains,” “Dairy
products,” “Eggs,” “Leafy green vegetables,” “Other vegetables
(raw),” “Other vegetables (cooked),” “Legumes/nuts/seeds,”
“Potatoes, boiled/mashed,” “Pickled food,” “Fruits,” “Tea
(Black/Green)” - Pattern III was positively associated with
university education with 9.1% (9 of 99) having university
education in the lowest quartile versus 22.2% (22 of 99) in the
highest (Fisher’s exact test, P = .018) and was negatively associated with smoking with 45.5% (45 of 99) smokers in the lowest quartile and 20.2% (20 of 99) in the highest consumption
quartile (Fisher’s exact test, P < .001) (Supplementary Table 3);
(Pattern IV) “Pizza,” “Deep fried foods,” “Salty snacks,” “Ice
cream/pudding,” “Desserts/sweet snacks,” “Confectionary
sugars/syrups,” “Fruit juice/drinks” - This pattern was negatively associated with diabetes, hypertension, and lipid-lowering drugs (Fisher’s exact test, P = .016, .011, and .014,
respectively), suggesting that patients diagnosed with these
conditions tend to avoid junk food (Supplementary Table 4).
Noteworthy pairwise negative associations (Figure 2) were
as follows: patients who consumed fruits more frequently
consumed less frequently meat, refined/milled grains, and
carbonated beverages. Coffee and tea were also negatively correlated (Kendall’s tau −0.19, adjusted P < .001), suggesting that
when it comes to regular consumption, some patients tend to
prefer either one or the other. Next, we explored separately
the frequency of meat consumption; only 3.3% (13 of 395) of
the participants reported to completely avoid meat and organ
meats, and only 5 patients were lacto-ovo-vegetarian (1.3%, 5
of 395) avoiding meat, organ meats, poultry, and fish.
Examining the total daily consumption frequency stratified
by pattern (Figure 3) shows that the most frequently consumed
pattern is the apparently healthier pattern III (mean = 6.5, standard deviation [sd] = 3.3), followed by pattern I (mean = 4.6,
sd = 3.1), pattern IV (mean = 1.8, sd = 1.1), and pattern II
(mean = 0.7, sd = 0.4).

Dietary Patterns

Physical Activity

First, we aimed to explore which food groups correlate and
cluster with each other. In other words, when patients consume one food group, which other food groups they are likely
to consume as well (positive association) or on the other hand
to avoid (negative association). Hierarchical clustering analysis suggested 4 distinct metapatterns (Figure 1, Figure 2):

Thirty-one percent (124 of 395) of the patients reported not
to perform any leisure physical activity. Ten percent (40 of
395) reported physical activity frequency of 1 to 4 times a
month, 21% (81 of 395) reported physical activity 1 to 2 times a
week, and the largest group (38%, 150 of 395) reported physical
activity 3 or more times per week.
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Total Cholesterol

The median total cholesterol value was 5 mmol/L (sd = 1.1).
Forty percent (158 of 395) of participants were above the cutoff of 5.2 mmol/L, and 13.1% (51 of 395) were above the cutoff
of 6.2 mmol/L (Supplementary Figure 1). Lipid-lowering drugs
were prescribed in 24.8% of the participants (98 of 395).
Factors Associated With Total Cholesterol

Next, we examined the factors that correlate with total cholesterol. In the first multivariable model (Model I; Figure 4),
physical activity at least 3 times a week compared with none
(β = −0.274; 95% confidence interval [CI], −0.519 to −0.029),
lipid-lowering drugs (β = −0.458; 95% CI, −0.703 to −0.212),
ART including a nucleotide reverse-transcriptase inhibitor
(NtRTI) (β = −0.344; 95% CI, −0.565 to −0.123), and intravenous drug users (IDU) risk group (β = −0.705; 95% CI, −1.168
to −0.242) were negatively correlated with total cholesterol.
On the other hand, female sex (β = 0.487; 95% CI, 0.147 to
0.827) and dietary pattern I (“Meat,” “Refined/ milled grains,”
“Carbonated beverages,” “Coffee”)—but not the other 3 patterns—positively correlated with total cholesterol (β = 0.276;
95% CI, 0.082–0.471; P = .007).
After additionally adjusting for a wide range of demographic
and clinical covariates (Model II; Figure 4), lipid-lowering drugs
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(β = −0.443; 95% CI, −0.691 to −0.196), NtRTI (β = −0.336; 95%
CI, −0.554 to −0.118), and regular physical activity (β = −0.381;
95% CI, −0.626 to −0.136) remained negatively correlated with
total cholesterol, in addition to black ethnicity (β = −0.967; 95%
CI, −1.524 to −0.410), IDU risk group (β = −0.708; 95% CI,
−1.175 to −0.241), living alone (β = −0.236; 95% CI, −0.436 to
−0.035), and taking a multivitamin (β = −0.378; 95% CI, −0.730
to −0.027). On the other hand, female sex (β = 0.562; 95% CI,
0.229–0.896) and dietary pattern I (β = 0.243; 95% CI, 0.047–
0.439; P = .02) remained positively and significantly correlated
with total cholesterol even after adjustment for the additional
covariates in Model II.
Sensitivity Analysis

As a sensitivity analysis, we repeated the multivariable analysis
(Model I excluding lipid-lowering drugs) separately for patients
on and off lipid-lowering drugs (Supplementary Table 5). For
patients on lipid-lowering drugs, frequent physical activity
(β = −0.732; 95% CI, −1.166 to −0.232), NtRTI (β = −0.546; 95%
CI, −0.980 to −0.076), and IDU risk group (β = −1.148; 95% CI,
−2.023 to −0.278) negatively correlated with total cholesterol.
None of the covariates, including dietary pattern I (β = 0.352;
95% CI, −0.039 to 0.747; P = .115), significantly positively correlated with total cholesterol among patients on lipid-lowering

Pattern II

Pattern I

Pattern IV

Other vegetables (cooked)
Potatoes, boiled/mashed
Dairy products
Eggs
Leafy green vegetables
Other vegetables (raw)
Legumes/nuts/seeds
Pickled food
Tea (Black/Green)
Whole grains
Fruits
Poultry
Fish/seafood
Organ meats
Alcohol
Coffee
Corbonated beverages
Refined/milled grains
Meat
Pizza
Deep fried foods
Salty snacks
Desserts/sweet snacks
Fruit juice/drinks
Ice cream/pudding
Confectionary sugars/syrups

Pattern III

Other vegetables (cooked)
Potatoes, boiled/mashed
Dairy products
Eggs
Leafy green vegetables
Other vegetables (raw)
Legumes/nuts/seeds
Pickled food
Tea (Black/Green)
Whole grains
Fruits
Poultry
Fish/seafood
Organ meats
Alcohol
Coffee
Corbonated beverages
Refined/milled grains
Meat
Pizza
Deep fried foods
Salty snacks
Desserts/sweet snacks
Fruit juice/drinks
Ice cream/pudding
Confectionary sugars/syrups

Figure 2.
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Correlation matrix of the examined food items. Squares with “X” are not statistically significant after adjustment for multiple testing.
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Figure 3. Boxplot of total daily consumption stratified by dietary patterns. Pattern I: meat, refined/milled grains, carbonated beverages, coffee. Pattern II: organ meats, poultry,
fish/seafood, alcohol. Pattern III: whole grains, dairy products, eggs, leafy green vegetables, other vegetables (raw and cooked), legumes/nuts/seeds, potatoes, boiled/mashed,
pickled food, fruits, tea (black/green). Pattern IV: pizza, deep fried foods, salty snacks, ice cream/pudding, desserts/sweet snacks, confectionary sugars/syrups, fruit juice/drinks.
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Univariable

Model I

Model II

Age
Female sex, vs. Male
Risk group: MSM vs. HET
Risk group: IDU vs. HET
Risk group: Other vs. HET
On NRTI, yes vs. no
On NTRTI, yes vs. no
On NNRTI, yes vs. no
On PI, yes vs. no
On INTI, yes vs. no
Physical activity 1–4 times a month vs. none
Physical activity 1–2 times a week vs. none
Physical activity ≥3 times a week vs. none
Lipid lowering drugs, yes vs. no
Dietary pattern I
Dietary pattern II
Dietary pattern III
Dietary pattern IV
Fasting cholesterol, yes vs. no
–1

–0.5

0
Coefficient

0.5

1

Figure 4. Factors that correlate with total cholesterol, univariable and 2 linear mixed-effect models. Model I was adjusted for all the covariates in the figure. Model II was
adjusted for all covariates in the figure and additionally for ethnicity, university education, living alone, smoking, depression, diabetes, hypertension, number of years on
antiretroviral therapy, recent dietary change, multivitamin supplement, Omega 3 supplement, protein powder supplement. Dietary patterns consumption frequencies were
ln(x+1) transformed. Pattern I: meat, refined/milled grains, carbonated beverages, coffee. Pattern II: organ meats, poultry, fish/seafood, alcohol. Pattern III: whole grains, dairy
products, eggs, leafy green vegetables, other vegetables (raw and cooked), legumes/nuts/seeds, potatoes, boiled/mashed, pickled food, fruits, tea (black/green). Pattern IV:
pizza, deep fried foods, salty snacks, ice cream/pudding, desserts/sweet snacks, confectionary sugars/syrups, fruit juice/drinks. Abbreviations: ART, antiretroviral therapy;
HET, heterosexual; IDU, injecting drug users; INTI, integrase inhibitor; MSM, men who have sex with men; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI,
nucleoside reverse-transcriptase inhibitor; NTRTI, nucleotide reverse-transcriptase inhibitor; PI, protease inhibitor.

drugs; however, the limited statistical power of this subgroup
analysis should be taken into account.
Among patients not on lipid-lowering drugs, none of the
covariates were significantly negatively associated with total
cholesterol. On the other hand, dietary pattern I and female
sex remained significantly positively correlated with total cholesterol in people not on lipid-lowering drugs (β = 0.234, 95%
CI = 0.011–0.457, P = .047 and β = 0.574, 95% CI = 0.198–0.949,
P = .004, respectively).
High-Density Lipoproteins and Triglycerides

Finally, to obtain a more complete picture on factors associated
with dyslipidemia in general, we also explored the fully adjusted
model with high-density lipoproteins (HDL) and triglycerides
6 • OFID • Marzel et al

as outcomes. For HDL, age (β = 0.012; 95% CI, 0.006–0.019)
and female sex (β = 0.474; 95% CI, 0.331–0.615) showed a positive association, whereas having hypertension (β = −0.132; 95%
CI, −0.227 to −0.036) and ART regimen with protease inhibitors (β = −0.121; 95% CI, −0.224 to −0.018) exhibited a negative
correlation. None of the remaining variables, including physical
activity and the examined 4 dietary patterns, showed any significant correlation. For triglycerides, diabetes (β = 0.730; 95% CI,
0.144–1.367), hypertension (β = 0.371; 95% CI, 0.045–0.690),
nonnucleoside reverse-transcriptase inhibitors (β = 0.480; 95%
CI, 0.131–0.822), protease inhibitors (β = 0.695; 95% CI, 0.342–
1.038), and integrase inhibitors (β = 0.589; 95% CI, 0.259–
0.891) showed positive association, whereas age (β = −0.024;
95% CI, −0.045 to −0.001), female sex (β = −0.554; 95% CI,

−1.009 to −0.047), MSM risk group (β = −0.455; 95% CI,
−0.836 to −0.036), IDU risk group (β = −1.213; 95% CI, −1.886
to −0.540), living alone (β = −0.332; 95% CI, −0.630 to −0.051),
and physical activity of at least 3 times per week (β = −0.389;
95% CI, −0.764 to −0.058) were negatively associated with triglycerides. In contrast to physical activity, none of the dietary
patterns exhibited a significant association with triglycerides in
our fully adjusted model.
DISCUSSION

In this analysis of HIV-positive individuals ≥45 years old predominantly on suppressive ART, we found several factors that
were independently correlated with total cholesterol: female sex
and the frequency of combined consumption of meat, refined/
milled grains, carbonated beverages, and coffee (dietary pattern
I) showed positive correlation. On the other hand, regular physical activity, lipid-lowering drugs, an ART regimen containing
tenofovir, and black ethnicity exhibited a negative correlation.
In the analysis restricted to patients not on lipid-lowering
drugs, total cholesterol remained associated with dietary pattern I (meat, refined/milled grains, carbonated beverages,
coffee), supporting current guidelines that encourage implementation of lifestyle and dietary changes before statin initiation [12]. In participants on lipid-lowering drugs, there was
an additional benefit of physical activity, beyond the effect of
lipid-lowering drugs.
It has been previously shown that people living with HIV
consume more saturated fat and cholesterol compared with
HIV-negative individuals [20]. It was also demonstrated that
tackling HIV dyslipidemia with diet is feasible [10]. In a systematic review and meta-analysis of the effects of dietary intervention on HIV dyslipidemia, dietary intervention reduced total
cholesterol by −0.36 mmol/L compared with placebo/control
[21]. However, no study was performed on a predominantly
aging HIV-positive population.
Several previous studies in the general population demonstrated associations between individual food items that
comprise pattern I in our study and total cholesterol or cardiovascular risk. In a prospective cohort study of 31 546 high-risk
individuals from 40 countries, meat, poultry, and egg consumption were independently correlated with composite outcome of
cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, or hospitalization for congestive heart failure [15].
Although in our analysis meat indeed clustered in pattern I,
poultry and eggs clustered in different patterns.
Our results are biologically plausible because most meat
products contain saturated fat that increases cholesterol [22].
In addition, almost all meat products contain cholesterol by
itself [23, 24]. Frequency of coffee consumption also clustered with pattern I and is also supported by previous works.
In a meta-analysis of 14 clinical trials, a dose-response relation
between coffee consumption and both total cholesterol and

low-density lipoprotein cholesterol was identified [25]. The
effect was weak for filtered coffee; however, most of the coffee
that is consumed in Switzerland is unfiltered.
The observation that pattern III that contained vegetables,
legumes, and fruits positively correlated with higher education
and negatively correlated with smoking is consistent with the
well established association between education and health literacy [26]. This might also suggest that patients with low education could benefit most from dietary counseling.
The beneficial effect of regular exercise on cholesterol is well
established. For example, in a randomized controlled trial from
the UK, in which participants were asked to maintain their normal dietary habits, high-intensity exercise program for 24 weeks
resulted in significant decreases in total cholesterol (mean
change, −0.55 ± 0.81 mmol/L) [27]. Forty percent of our sample reported physical activity of 1 to 4 times a month or never,
hence not meeting the World Health Organization (WHO)
guidelines of 150 minutes of moderate-intensity aerobic physical activity throughout the week [28]. This suggests that there
is considerable room for improvement in this area, especially
because the benefits of physical activity extend beyond cardiovascular risk factors and also include prevention of dementia
[29], depression, and anxiety [30]. Data about the benefits of
physical activity for HIV dyslipidemia is scarce [31], especially
in aging HIV-positive population.
The strengths of our study include the use of a population-based cohort, the SHCS, with a large array of prospectively
collected clinical and laboratory data, enabling us to adjust for
many important clinical and demographic potential confounders. Patients from 3 different study centers across Switzerland
were included, hence increasing generalizability. Moreover,
nutrition data were assessed by a well validated questionnaire
used in large studies in the general population.
Our study also has limitations. Inherent to cross-sectional
studies, there is a lack of temporality [32]. Due to the observational study design, and in light of the fact that there are many
potential confounders associated with dietary patterns, physical
activity and total cholesterol levels, we cannot rule-out residual
confounding for which we could not account. Another limitation is that the FFQ measured frequency but not quantity of
consumption [15]. Finally, due to collinearity between food
items within the same consumption pattern, it was not possible to examine the effect of single food items. Nevertheless, our
results are in line with large cohort studies, randomized controlled trials, and meta-analysis [15, 25, 27].
Future studies are needed to illuminate the effect of type of fat
intake (saturated fat, monounsaturated fat, and polyunsaturated
fat) on dyslipidemia and on the association between dietary
patterns and hard endpoints such as cardiovascular morbidity
and mortality. The most beneficial type of physical activity in
terms of adherence and cardiovascular benefit for this population is also yet to be determined.
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CONCLUSIONS

In summary, our cross-sectional study suggests that there are
independent associations between certain dietary patterns and
physical activity with total cholesterol. Physical activity should
be substantially scaled up in this population to meet WHO
guidelines and to achieve cardiovascular and other health benefits. The reported dietary patterns pave the way for further
investigations in prospective cohort studies and randomized
controlled trials.
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