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Abstract: The quality of life of people living with HIV (PLWH) has remarkably increased thanks to
the introduction of combined antiretroviral therapy. Still, PLWH are exposed to an increased risk of
cardiovascular diseases, diabetes, chronic kidney disease, and liver disease. Hence, the purpose of
this review is to summarize the current knowledge about diagnosis and nutritional management
with specific indication of macro and micronutrients intake for the main comorbidities of PLWH. In
fact, a prompt diagnosis and management of lifestyle behaviors are fundamental steps to reach the
“fourth 90”. To achieve an early diagnosis of these comorbidities, clinicians have at their disposal
algorithms such as the Framingham Score to assess cardiovascular risk; transient elastography and
liver biopsy to detect NAFLD and NASH; and markers such as the oral glucose tolerance test and
GER to identify glucose impairment and renal failure, respectively. Furthermore, maintenance of
ideal body weight is the goal for reducing cardiovascular risk and to improve diabetes, steatosis
and fibrosis; while Mediterranean and low-carbohydrate diets are the dietetic approaches proposed
for cardioprotective effects and for glycemic control, respectively. Conversely, diet management of
chronic kidney disease requires different nutritional assessment, especially regarding protein intake,
according to disease stage and eventually concomitant diabetes.

Keywords: HIV; diabetes; cardiovascular disease; chronic kidney disease; liver disease; NASH;
NAFLD; diagnosis; nutrition; nutrition management; PLWH

1. Introduction

The introduction of combined antiretroviral therapy (cART) has remarkably reduced
the morbidity and mortality of people living with HIV (PLWH) in recent decades by
reducing AIDS-related complications, thus substantially improving their quality of life.
The Joint United Nations Programme on HIV /AIDS proposes that by 2020 and 2030, at
least 90% of all PLWH in a country should be diagnosed, at least 90% of them should be on
ART and at least 90% of those on ART should be virologically suppressed [1]. At the same
time, it has become clear that controlled viral load cannot be the ultimate goal in PLWH
care, as 90% of them should report a good health-related quality of life, defining a new
“fourth 90” [2,3]. However, the achievement of the “fourth 90” is far from being reached,
and further attempts should be made by clinicians and healthcare systems to obtain this
target, with an even stronger effort addressed to “fragile” populations [4].

HIV-related chronic inflammation, associated with progressive glucose and lipid
dysfunction [5], unhealthy lifestyles (inappropriate diet, low physical activity, smoking, and
drug use), and age-related noncommunicable diseases due to increased life-expectancy [6]
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importantly enhance the risk of premature cardiovascular diseases, type 2 diabetes, non-
AIDS-related cancers, and end-stage organ diseases for PLWH [7].

Moreover, although the metabolic impact of antiretroviral medications has been re-
markably reduced by the diffusion of highly tolerable and effective modern cART regimens,
these still have to be considered as lifelong therapies, with a toxicity burden that should be
taken into account in the long term.

Given the exposure of PLWH to metabolic comorbidities, their early diagnosis, the
assessment of risk factors, and correct nutrition deserve a central role in the management
of chronic HIV infection and its related metabolic complications, since it directly affects
body weight, lipid profile, blood pressure, glucose metabolism, oxidative stress, and
inflammation and, consequently, impacts on the risk of cardiovascular diseases, diabetes,
and obesity development [8-12].

Accordingly, the importance of nutritional intervention was exhibited by a 2019 clinical
controlled trial showing how dietary modifications can improve oxidative stress associated
with metabolic and chronic comorbidities (obesity, hypertension, diabetes, and dyslipi-
demia), by increasing the consumption of food containing antioxidant molecules such as
polyphenols, by reducing the adipose tissue and improving the gut microbiome [13].

In this setting, the recent COVID-19 pandemic has contributed to further worsening
lifestyle habits both in PLWH and in the general population, as sedentary, low physical
activity, and unhealthy eating behaviors became common in the course of “locking-down”
emergency procedures enforced by different countries [14,15]. Additionally, race and
economic disparities limiting access to HIV care have dramatically grown during the
last two years, reducing or stopping, usual outpatient and inpatient services, access to
treatments, medical appointments, as well as investigations for screening or follow up of
metabolic diseases [16,17].

Consequently, an emerging metabolic diseases epidemic could be hidden around
the corner [18] if proper measures are not quickly undertaken—particularly in PLWH,
who are, accordingly to the abovementioned reasons, overexposed to these complications.
In this regard, an early diagnosis of HIV comorbidities is pivotal to a successful global
management of PLWH.

Hence, the purpose of this review is to summarize the current knowledge about
prompt diagnosis of comorbidities in PLWH and the consequent related nutritional man-
agement, taking into account metabolic dysfunctions and cART metabolic toxicity, and
ultimately providing practical dietary indications to physicians and nutrition specialists.

2. Nutritional Suggestions According to Different Comorbidities
2.1. Cardiovascular Diseases

Cardiovascular diseases (CVD) have an important impact on PLWH, since they signifi-
cantly increase their risk of mortality compared to the general population; on the other side,
HIV infection itself is an independent risk factor for cardiovascular diseases, especially
coronary artery disease and chronic heart failure [19,20]. Alonso, A. et al. [21] demon-
strated, through the analysis of a large insurance database including around 20,000 PLWH,
an elevated risk of chronic heart failure and myocardial infarction in this population,
independently of other risk factors, underlining the importance of adopting preventive
measures for CVD in PLWH [17]. This increased risk could be explained by multiple
factors. At first, the predominant role of HIV infection is demonstrated by the strong
correlation between the T CD4+ cells count nadir, persistent HIV replication, and the risk
of CVD development [22,23]. Indeed, the continuous viral replication within lymphoid
tissue perpetuates the existence of a pro-inflammatory state [24-26] by upregulating the
inflammatory cytokines, such as C-reactive protein, high sensitivity C-reactive protein, IL-6,
and D-dimer; deregulating the CD8+ activity; and activating monocytes and macrophages.
This process, in turn, enhances the atheromatic plaque formation, arterial thickness and
stiffness, and endothelial alteration, and promotes cardiovascular events [27-29]. Addition-
ally, PLWH have a higher-than-average plasma level of oxidized low-density lipoprotein
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(oxLDL) and activated monocytes with oxLDL receptors. The oxLDL are the inflammatory
form of LDL, found in atheromatous plaque that contribute to foam cells formation [30].
Moreover, HIV itself could modulate the levels of fatty acids synthase, causing alterations
of plasma lipid profile [31]. Not least, the chronic inflammation is also responsible for epi-
genetic alteration such as DNA methylation and upregulation of the systemic inflammatory
markers, microRNAs [32,33].

Secondly, a key role in the development of the pro-inflammatory environment is
played by gut bacterial translocation and altered immune response. It is demonstrated that
even after a long period of cART, the depression of gut-associated lymphoid tissue that
occurs during HIV acute infection, does not recover entirely [34-36]. This is responsible for
alteration of gut mucosal integrity, facilitating the translocation of microbes, their related
products (such as lipopolysaccharide), and other intestinal antigens such as food antigens,
which constantly stimulate and hyperactivate the immune system [37-40].

The extent to which antiretroviral medications are involved in enhancing the incidence
of CVD in PLWH is historically a matter of debate that has led to a deep investigation
of the potential cardiovascular toxicity of each class of antiretroviral drugs. Among nu-
cleoside reverse transcriptase inhibitors (NRTIs), abacavir was traditionally related to an
increased risk of cardiovascular disease in HIV-positive patients, which has been associ-
ated with mechanisms of endothelial disfunction and imbalance in platelets” activation
and aggregation processes [41]. Although the impact on the cardiovascular system of
exposure to abacavir remains controversial, several alternative therapeutic strategies are
currently available to avoid this risk, above all opting for agents of the same class with
different toxicity profiles, such as combination regimens based on tenofovir disoproxile
fumarate (TDF) rather than tenofovir alafenamide (TAF) [42,43]. In recent years, the advent
of highly efficient antiretroviral drug classes such as protease inhibitors (PIs) and, lately, in-
tegrase strand transfer inhibitors (INSTIs), allowed the creation of combined antiretroviral
regimens that avoided NTRI-related cardiovascular toxicity along with maintaining high
control on viral replication also in experienced subjects. It should be noticed that these drug
classes have also been associated with increased total cholesterol and triglycerides levels
and decreased high density lipoproteins (HDL) levels, with a resulting pro-atherogenic
lipid profile and, along with non-nucleoside reverse transcriptase inhibitors (NNRTI), with
dyslipidemia and lipodystrophy [44].

The role of cART in dyslipidemia is still not fully clear but could be partially explained
by alteration of triglycerides hepatic synthesis and alterations of retinoic acid and LDL-
binding proteins [45,46]. In any case, recently developed antiretroviral drugs, such as
raltegravir, dolutegravir, bictegravir, rilpivirine and doravirine have a safer impact on lipid
profile compared to older ones (such as zidovudine, stavudine, nevirapine, and partially
lamivudine); two-drug combination regimens are also a modern therapeutic option that
could permit, importantly, in selected PLWH, decrease of the pharmacological burden
without losing efficacy in virological suppression [47,48].

To assess the CVD risk and to facilitate an early diagnosis of CVD, different algorithms
considering different factors (such as smoking habits, lipid profiles, comorbidities, waist
circumference, body mass index, blood pressure) have been developed. The most common
used algorithms are the Framingham Score, which is more accurate if used for the US
population, and the Systematic Coronary Risk Evaluation tool, developed by the European
Society of Cardiology, in turn more suitable for the general population [49]. PLWH, along
with traditional CVD risk factors, have the exposure to cART as an additional risk factor.
Hence, a specific algorithm for this population has been designed by the Data Collection
on Adverse Events of Anti-HIV Drugs (DAD) group [44]. In this regard, the European
AIDS Clinical Society guidelines [50], suggests the use of the Framingham equation or
other system recommended by local national guidance and to repeat these assessments
annually, in order to start any needed intervention in time.
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After an appropriate diagnosis, in order to reduce the risk of further deterioration
in this population, a great impetus should be given to modifiable risk factors, such as
healthier lifestyles, smoking interruption and, more importantly, healthier eating behavior.

Different dietary approaches (Table 1) have been proposed to reduce cardiovascular
risk and were discussed in depth in a recent review of Rychter et al. [51], although data on
PLWH are very scarce. The 2019 ACC/AHA Guideline on the Primary Prevention of Car-
diovascular Disease recommends a plant-based or Mediterranean diet as cardioprotective
diets [52]. The latter, based predominantly on vegetables, legumes, nuts, fruits, extra-virgin
olive oil, whole cereals, and fish consumption and a moderate intake of dairy products and
red meats, is associated with almost 30% reduction risk of myocardial infarction, stroke,
and cardiovascular mortality, as observed during the PREDIMED randomized trial [53].
Furthermore, the Mediterranean diet seems to have a positive effect not only in primary but
also in secondary prevention of myocardial infarction, specifically. A prospective analysis,
carried out on 553 patients, demonstrated a positive correlation between adherence to
this diet and successful myocardial reperfusion [54] Another dietary approach to reduce
CVD incidence, and, in particular, hypertension, is the DASH (dietary approach to stop
hypertension) diet. The DASH diet focuses primarily on fruit, vegetables, fat-free /low-fat
dairy, whole grains, nuts, and legumes intake, and, differently from the Mediterranean
diet, it demands a minor use of extra-virgin olive oil. This diet is associated with a reduc-
tion in both systolic and diastolic blood pressure, total cholesterol, and LDL but did not
show any impact on HDL levels and triglycerides [55,56]. Vegetarian diets can also be
implemented due to their cardioprotective effect. This diet has lower energy density, total
cholesterol, LDL, and HDL than the “omnivorous” diet, and showed an important effect
in terms of reduction of blood pressure, a lower rate of mortality by stroke in men (but
no significant difference in women) [57], and an inverse correlation with cardiovascular
endpoints [58]. Finally, the portfolio dietary pattern is another diet style associated with
a 10-year reduction of coronary heart disease risk [56], which focuses on consumption
of “cholesterol-lowering food” such as nuts, apples, oranges, berries, soluble fibers from
oats, barley, psyllium, okra or eggplant, and vegetal protein from legumes or soy prod-
ucts [59-61]. In addition, this nutrition regimen focuses on dietary integration with 2 g
plant sterols provided in a plant-sterol-enriched margarine. In particular, atherosclerosis,
characterized by the progressive accumulation of inflammatory cells and lipids within
the arteries’ intima, benefits from the consumption of specific nutrients and foods, such
as omega 3 fatty acids, polyphenols, plant sterols, fibers, olive oil, lycopene, vitamins
(C, E, B), and soy, as reviewed in the work of Torres and colleagues [62]. This can be
explained by the anti-inflammatory and antioxidant properties of these compounds, which
are able to positively affect hypertension, to prevent LDL oxidation, leucocyte migration,
and production of adhesins and chemokines [62].

Regardless of the type of nutritional approach, reduction of body weight and ab-
dominal fat is a pivotal point in the improvement of cardiovascular risk. In any case, a
hypocaloric diet should be recommended to overweight patients and a body mass index
(BMI) of 20-25 kg/ m? and a waist circumference <94 cm and <80 cm for men and women,
respectively, are desirable targets.

Overall, calories resulting from total fat intake should be about 30% of total calories
and those resulting from carbohydrates intake should be between 45% and 55%. Concern-
ing micronutrients intake, guidelines [52] suggest to not exceed 5 g per day of sodium
intake, to avoid trans fatty acids, and to consume less than 10% of calories resulting from
saturated fat and less than 300 mg per day of cholesterol. Eggs, because of their high
content of cholesterol, are always controversially associated with CVD risk. In fact, a
2016 meta-analysis demonstrated no association between egg intake and CVD risk and a
reduced risk of heart stroke of 12% with a higher consumption of eggs [63]. Therefore, egg
consumption could be allowed in the context of a varied and balanced diet. Finally, due to
its hypocholesterolemic effect, a quantity of 25-40 g of fiber should be consumed daily [52].
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Table 1. Overview of diagnosis and nutritional management of CVD in PLWH.

Diagnosis of CVD in PLWH

Use score to assess CVD risk in PLWH (Framingham equation/Systematic Coronary Risk Evaluation (SCORE)/data
Collection on Adverse Events of Anti-HIV Drugs (DAD) group
Repeat the score annually

Nutritional management of CVD in PLWH

Reduction of body weight and abdominal fat is pivotal
Desirable targets: BMI of 20-25 kg / m?
Waist circumference <94 cm (men) and <80 cm (women)

Physical activity: at least 30-60 min of moderate physical activity /day

Smoking: smoking cessation recommended and reduced exposure to passive cigarette smoke

Alcohol: Moderate consumption acceptable if triglyceride levels are not elevated

Dietary approaches: The Mediterranean diet is associated with an almost 30% reduced risk of myocardial infarction, stroke,
and cardiovascular mortality

FOOD GROUP RECOMMENDATION
Nuts/seeds >3 servings/week

Olive oil >4 tbsp/day (around 50 mL)
Fresh fruits/vegetables >2-3 servings/day
Legumes >3 serving/week

Fish, poultry, dairy products >3 serving/week

Whole grain cereals >2 serving/week

Wine (red, dry) >7 glasses/week

Red and processed meats <1 serving/day

Sweets <1 serving/day

The dietary approach to stop hypertension (DASH) diet is another dietary approach that reduces CVD incidence, and, in
particular, hypertension. Differently from the Mediterranean diet, it demands a minor use of extra-virgin olive oil.

The portfolio diet focuses on consumption of “cholesterol-lowering food” such as nuts, apples, oranges, berries, soluble fibers
from oats, barley, psyllium, okra or eggplant, vegetal protein from legumes or soy products, and integration with 2 g plant
sterols provided in a plant sterol-enriched margarine

Carbohydrates: total intake around 45-55%, excessive intake is not recommended (due to its untoward effect on plasma
HDL-C and TGs levels)

Total fat intake: >30% is not recommended but not too low (due to possible vitamin E deficiency, which may advance to a
reduction of HDL-C). Less than 10% of total calories should derive from saturated fat.

Micronutrients:

o Dietary sodium: <5 g (90 mmol)/day

o Dietary cholesterol: <300 mg/day (especially when plasma cholesterol levels are elevated)
o Dietary fibers: between 2540 g per day (hypocholesterolemic effect)

Legend: CVD = Cardiovascular disease; PLWH = People Living With HIV; BMI = Body Mass Index.

In addition, another condition linked to inflammation, thrombosis, endothelial al-
terations, and HIV infections, which can itself benefit from a nutritional intervention, is
pulmonary hypertension. In particular, vitamin D, vitamin C, and iron deficiency have
been observed in patients with this disease, while a diet rich in flavonoids, isoflavones, and
resveratrol is associated with a slower progression of this disorder in animal models [64].

However, to the best of our knowledge, few studies investigated the improvement
in cardiovascular risk in PLWH populations submitted to a dietary intervention. A ran-
domized controlled trial by Stradling et al. [65], investigating a population of adult PLWH
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on cART and with high levels of LDL, showed that a Mediterranean diet enriched with
hypocholesterolemic food was able to adequately control blood pression and reduce by 10%
the levels of LDL-cholesterol, if compared to diets focused on the reduction of saturated fat
alone [52].

2.2. Type II Diabetes

The incidence of Type 2 diabetes (T2D) is remarkable in PLWH and even higher than
that observed in general population [66]. In this sense, an early T2D diagnosis is crucial to
prevent related complications. According to EACS Guidelines [50], to assess a pre-diabetic
condition, fasting glucose has to be evaluated in all newly diagnosed PLWH and all PLWH
about to start cART. Altered findings should be repeated and if the test is indicatory for
glucose metabolism alteration (fasting plasma glucose 5.7-6.9 mg/dL), an oral glucose toler-
ance test measurement is recommended. In particular, a 2018 work of Celho and colleagues
highlights the relevance of the oral glucose tolerance test as an earlier diagnostic marker of
glucose impairment, compared to glycosylated hemoglobin, which seems to underestimate
glycemia levels in PLWH compared to the general population [67]. Accordingly, EACS
Guidelines point out that glycosylated hemoglobin tends to underestimate diabetes in
PLWH under antiretroviral treatment, in particular those under abacavir. Furthermore, the
guidelines do not recommend glycosylated hemoglobin in cases of hemoglobinopathies,
increased erythrocyte turnover, and severe liver or kidney dysfunction, as well as in cases
of supplementation with iron, vitamin C, and E, and with a patient age > 70 because of
unreliable values [50]

HIV-related chronic inflammatory processes, despite the beginning of antiretroviral
treatments, are probably the major factor responsible for this phenomenon, independently
of antiretroviral medications and noncommunicable comorbidities [68]. In this regard, a
case control study of Brown and colleagues on 55 subjects matched on baseline BMI and
race/ethnicity, showed that persistently (within the first 48 week after cART initiation) high
serum levels of inflammation markers independently predicted T2D development [68].

Additionally, low T CD4+ cells count, high viral load, and HCV coinfection are all
independently associated with the risk of developing mechanisms of insulin resistance,
altered fasting glucose levels, and, consequently, T2D. Notably, a lower T CD4+ cells nadir
has been associated with impaired glucose tolerance and a higher risk of diabetes [69,70].
In this sense, the importance of a rapid virological suppression is important for reducing
the risk of diabetes, along with the reducing risk of producing drug-resistant strains in case
of virological failure [71].

Chronic antiretroviral drugs consumption could further promote T2D occurrence in PLWH,
especially in the case of prescription of first-generation PIs (indinavir, lopinavir/ritonavir) and
thymidine analogues (stavudine), for which a notable association with insulin resistance
was demonstrated [72,73]. In particular, PI-linked diabetes pathogenesis is explainable
by the inhibition of glucose transporter GLUT4 [74], which causes peripheral insulin
resistance, hyperglucagonemia, and progressive BMI increase, which are responsible, in
turn, for emerging insulin resistance [75] and systemic inflammation [68,76].

The role of newer antiretroviral drug classes, such as INSTIs, in the pathogenesis of
T2D in HIV positive patients has been deeply investigated. Bictegravir, the latest licensed
drug in the INSTIs class, has been recognized as having a potential role in glycemic
control impairment [77]. Moreover, the INSTIs drug class as a whole is gaining growing
attention for its role in causing weight gain and metabolic syndrome in PLWH, both
phenomena possibly leading to an outbreak of insulin resistance and T2D in this special
population [78]. It is worthy of mention that no negative effect has been observed for
INSTIs on insulin resistance when in NRTI-sparing, dual regimen formulations; on the
contrary, insulin resistance was improved in patients undergoing cART simplification for
at least 48 weeks [79]. Unfortunately, for all mentioned examples, literature evidence is
inconsistent and further studies are required.
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Excluding the risk deriving from cART and HIV infection itself, T2D incidence is
increased by many preventable lifestyle behaviors: in fact, unhealthy diet, lack of physical
activity, smoking, being overweight, and having a large waist circumference are notorious
risk factors for this disease [80]. In light of the above, a specific dietary approach (Table 2)
could play a central role in prevention and management of PLWH with T2D or dysglicemia.
Patients with this comorbidity should follow the nutritional guidelines for T2D as recom-
mended by American Diabetes Association’s 2019 Standards of Medical Care in Diabetes.
The importance of lifestyle modification to reduce T2D risks and complications is shown
in a recent study of Duncan et al. [81]. Specifically, an individualized diet and physical
activity plans were performed in a population of PLWH with impaired fasting glucose with
the aim to achieve 10 healthy lifestyle goals (i.e., achieve 7% weight loss, decrease saturated
fat to <10% total daily energy intake, restrict sodium to <2.5 g daily, and take 10,000 steps
per day). This intervention was successful in reducing the risk of type 2 diabetes in this
population [81].

First, overweight or obese PLWH with T2D should reach their ideal weight, since
weight control is one of the predominant factors influencing insulin resistance and glycemic
levels [82]. The management of weight loss usually requires a diet of 1200-1500 kcal/day
for women and 1500-1800 kcal/day for men; or, more precisely, a calorie restriction of
500-750 kcal/day compared to total daily energy expenditure [83].

Assuming that all meal plans should be individualized and redacted on personal
preferences, metabolic goals, and lifestyle, different studies show that the Mediterranean
Diet has effective results on weight loss and glycemic control and should be the diet of
choice when possible [84]; in any case, a low-carbohydrate diet should be prescribed to
improve glycemia value and reduce the use of hypoglycemic drugs in these subjects. In
addition, carbohydrate sources should be rich in fiber, such as whole grains, fruit, and
vegetables, and the use of sweetened beverages and food rich in refined sugars should
be avoided.

Concerning other macronutrients, an important stratification of dietary needs is based
on presence of chronic kidney diseases in the course of T2D. Indeed, PLWH without kidney
impairment could consume the same amount of protein as the general population, that is
about 1-1.5 g/kg body weight, or even higher according to physical activity and muscular
mass [85]. Furthermore, a diet that contemplates a high amount of protein (about 20-30% of
total calories) increases the sense of satiety in people with T2D, compensating the reduced
quantity of carbohydrates [86]. Conversely, in the case of kidney impairment, and in
particular microalbuminuria or reduced glomerular filtrate, the safest amount of protein is
not higher than 0.8 g per kg of body weight.

Finally, regarding fats consumption, foods rich in polyunsaturated or monounsat-
urated fats, such as nuts, seeds, olive oil, and fish (in particular salmon, tuna, anchovy,
mackerel, herring, etc.) could contribute to improved glycemic control and blood lipids,
and should be included in the dietary plan [85].

Future studies and diets should also consider the importance of the gut microbiome,
which is significantly influenced by nutrition, lifestyle, stress, and environment. Particu-
larly, it was demonstrated that T2D and HIV infection both influence the microbiome, low-
ering the biodiversity of bacterial species. This results in an increase of pro-inflammatory
markers and in an alteration of tryptophan metabolism, that is in turn linked to immune
activation and increased mortality in PLWH [87]. Accordingly, the use of probiotics in
PLWH should be encouraged, since a positive effect has already been demonstrated [88,89]
in terms of restoring gut commensal bacteria equilibrium, increasing T CD4+ cells count,
and reducing inflammation and immune-activation markers [90-92].

In conclusion, in PLWH with T2D, a global nutritional management is crucial to
improve glycemic control and to minimize the consequences of T2D in PLWH.
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Table 2. Overview of diagnosis and nutritional management of diabetes in PLWH [93].

Diagnosis of Diabetes in PLWH

Diagnostic criteria: Diabetes:

o Fasting plasma glucose >7.0 mmol/L (126 mg/dL) or OGTT 2-h value >11.1 mmol/L (200 mg/dL)
0 HbAlc > 6.5% (>48 mmol/mol)

Impaired glucose tolerance:

o Fasting plasma glucose <7 mmol/L (126 mg/dL) and OGTT 2-h value mmol/L (mg/dL) 7.8-11.0 (140-199)
o HbAlc 5.7-6.4% (39-47 mmol/mol) (prediabetes)

Impaired fasting glucose:

o Fasting plasma glucose 5.7-6.9 mmol/L (100-125 mg/dL) and OGTT 2-h value <7.8 mmol/L (140 mg/dL)
o HbAlc 5.7-6.4% (39-47 mmol/mol) (prediabetes)

OGTT is recommended in PLWH with fasting blood glucose of 5.7-6.9 mmol/L (100-125 mg/dL)

HbAlc underestimates diabetes in PLWH under antiretroviral therapies (abacavir specifically)

HbAlc is not recommended in cases of hemoglobinopathies, increased erythrocyte turnover, severe liver or kidney
dysfunction, patient age > 70, or supplementation with iron, vitamin C and E.

Nutritional management of diabetes in PLWH

Energy restriction: daily deficit energy of 600 kcal (with meal plans and portion restriction guidance provided) 1200-1500
kcal/day for women 1500-1800 kcal/day for men

Weight reduction: Achieve 7% weight loss in six months

Carbohydrate reduction (sources should be rich in fiber, such as whole grains, fruits, and vegetables)

The optimal amount of protein is about 1-1.5 g/kg body weight (until 20-30%) and 0.8 g per kg of body weight in cases of
kidney impairment (microalbuminuria and reduced glomerular filtrate)

Fat intake: limit saturated fat (<10% of mean total daily energy intake) and prefer monounsaturated fat (nuts, seeds, olive oil,
and fish (in particular salmon, tuna, anchovy, mackerel, herring)

Restrict added sugar to 25 g per day or less
Sodium restriction: <6 g salt daily (<2.5 g sodium per day)

Take 10,000 steps per day

Legend: PLWH = People Living With HIV; OGTT: oral glucose tolerance test; HbAlc = glycosylated hemoglobin.

2.3. Chronic Kidney Disease

Among non-AIDS related comorbidities, renal function impairment has a prevalence
of 30% in PLWH [94]. Traditional risk factors (age, hypertension, diabetes) and HIV-related
risk factors (ongoing viremia, impaired immune function, HCV coinfection, and antiviral
drugs nephrotoxicity) together with the increased lifespan of PLWH, make renal impair-
ment a major concern in the management of these people [95,96], especially considering that
renal impairment predisposes to other comorbidities, including cardiovascular diseases,
osteoporosis, etc. [97,98].

Before the introduction of cART, HIV-associated nephropathy was the primary cause
of renal disease in PLWH, leading to end-stage renal disease. Nowadays, HIV-associated
nephropathy is less frequent, while chronic kidney disease (CKD) is the most common HIV-
related renal dysfunction [99]. The Copenhagen Comorbidity in HIV Infection Study [92]
has demonstrated that HIV infection is an independent risk factor for renal impairment de-
velopment, probably because of chronic inflammation and coagulation activation induced
by HIV infection. Furthermore, it showed that the risk of renal impairment was higher in
older PLWH compared to younger PLWH [100]. In fact, the kidneys act as an HIV reservoir
and the resulting polyclonal gammaglobulinemia, immune complex and cryoglobulin
production, and glomerular injury are consequences of T-cell-dependent B response hy-
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peractivation. Furthermore, infected macrophages and T-cells secrete proinflammatory
cytokines, such as IL-6, causing lasting inflammation and renal injury [101,102]. High
values of IL-6 and other immune activation markers are usually detected also in PLWH
under cART treatment and with low viral loads [103,104], and HIV itself can downregulate
immune regulatory genes, induce apoptosis, and cause accelerated aging [101,105]. All
these factors contribute to perpetuate an inflammatory state, leading to CKD and, in some
cases to end-stage renal disease.

After the advent of cART regimens, antiretroviral-related renal toxicity has represented
a new cause of concern. The association between NRTIs (the first antiretroviral medication
available) and kidney injury has been widely described. Mitochondrial dysfunction and
tubular cell injury due to the binding of the human mitochondrial DNA polymerase-y [106],
direct renal tubular damage, interstitial nephritis, and crystal-induced obstruction were
all included among the possible causative mechanisms potentially explaining the higher
prevalence of CKD in PLWH under durable treatment with NRTIs, especially TDF [107]. It
should be specified, however, that the association of TDF and CKD is relevant especially
after prolonged use, in patients with high baseline risk for CKD, and when associated with
a pharmacoenhancer, as boosted-protease inhibitors [108-112]: for these reasons TDF is
still recommended as the first-line NA in patients with HBV-decompensated cirrhosis and,
in association with emtricitabine, for use as pre-exposure prophylaxis [113].

The development of new antiretroviral medications has come, again, to the aid of
clinicians. TAF, a new prodrug of tenofovir, in 2016 has provided a valid alternative to
TDF with negligible effect on renal function (and, consequently, on bone density) in a
single-tablet-regimen combination with a range of third agents, included boosted-protease
inhibitors [42].

In this scenario, an early diagnosis of CKD in PLWH is crucial but often difficult. A
review of Chazot and colleagues [114] summarizes the most suitable biomarkers for an early
diagnosis and for monitoring the CKD progression in PLWH. In fact, GFR and measurement
of proteinuria by the urine protein/creatinine ratio used for CKD diagnosis in the general
population, have proven to lack sensitivity in PLWH. For PLWH the best equation to
estimate GFR is CKD-EPI study equation, also according to EACS Guidelines [50]. Unlike
in the general population, tubular damage represents a large majority of lesions that may
affect kidneys in PLWH, and, consequently, low-grade proteinuria is associated with a
higher risk of disease progression in this population and can direct clinicians to a more
appropriate antiretroviral agent choice. EACS Guidelines [50] suggest using urine dipsticks
for screening and define proteinuria as persistent if confirmed on >2 occasions >2-3 weeks
apart. It is suggested, if the urine dipstick is >1+, to check urine albumin/creatinine
or protein/creatinine to screen for glomerular disease and both glomerular and tubular
disease, respectively. Anyway, urine albumin/creatinine is not suitable to detect tubular
proteinuria due to drug nephrotoxicity. In this case, protein/creatinine is more appropriate.

Other biomarkers associated with kidney disease progression and mortality in PLWH
are of kidney diseases such as N-acetyl beta glucosaminidase, kdney injury molecule-1,
and Alpha-1-microglobulin [114].

Nevertheless, PLWH with (and probably also those without) CKD, of any cause, could
take advantages by an accurate dietary plan to counteract and slow down the progression
through kidney impairment and, eventually, end-stage renal disease. However, nutritional
needs differ depending on the CKD stadium (Table 3).

Overall, it should be noticed that, in subjects with CKD, the resting energy expenditure
is higher if compared to non-CKD people because of the inflammatory state and metabolic
alterations associated with CKD [115]; moreover, insufficient energy intake could lead to
protein catabolism and consequently to a negative nitrogen balance. For these reasons, the
calorie intake should be carefully balanced in these subjects to avoid muscle mass reduction
and wasting. Consequently, nutritional guidelines suggest a caloric intake between 25 to
35 kcal per kg of body weight [116]. This range should be corrected according to weight
status and weight goals, age, gender, level of physical activity, and metabolic stressors.
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Indeed, CKD patients who consume less than 0.8 g of protein per kg of body weight, with
a caloric intake between 15 and 25 kcal per day have a negative nitrogen balance; while
when caloric intake from protein is between 25 and 35 kcal per day the nitrogen balance
tends to be neutral or positive. This evidence suggested that caloric intake should be higher
in patients that do not reach the protein consumption suggested by recommended daily

allowance, in order to avoid malnutrition [116].

Table 3. Overview of diagnosis and nutritional management of CKD in PLWH.

Diagnosis management of CKD in PLWH

CKD-EP1 is the equation to estimate GFR in PLW

Screen for proteinuria with urine dipstick

If urine dipstick is >1+, to check UA/C or UP/C to screen for glomerular disease and both glomerular and tubular disease,

respectively

In cases of tubular proteinuria due to drug nephrotoxicity, UP/C instead of UA/C is the more appropriate marker

Nutritional management of CKD in PLWH

In subjects with CKD, the resting energy expenditure is higher if compared to non-CKD (insufficient energy intake could lead

to protein catabolism and consequently to a negative nitrogen balance)

Total caloric intake: 25-35 kcal per kg of body weight

Protein restriction with GFR <50 mL/minute/1.73 m?:

o Non-diabetic patients: a low-protein diet providing 0.55-0.60 g dietary protein per kg of body weight per day or a very
low-protein diet providing 0.28-0.43 g dietary protein per kg of body weight per day with additional keto acid/amino

acid analogs to meet protein requirements

o Diabetic patients: protein intake of 0.6-0.8 g per kg of body weight to maintain a stable nutritional status and optimize

glycemic control

o A patient on maintenance hemodialysis and peritoneal dyalisis without diabetes but metabolically stable and with

diabetes: 1.0-1.2 g/kg body weight of proteins

Adjustments of water and electrolyte intake (stage 3-5 of CKD):

o Potassium and phosphorus intake to maintain serum levels within normal range
o Sodium intake to <2.3 g/die
[ Total elemental calcium intake of 800-1000 mg/d (including dietary calcium, calcium supplementation and

calcium-based phosphate binders) in adults with CKD 3—4 not taking active vitamin D analogs; and a tailored

adjustment for CKD stage 5

Mediterranean diet and higher consumption of fruits and vegetables for CKD patients are suggested

Legend: PLWH = People Living With HIV; CKD = Chronic Kidney Disease; UA/C = urine albumin/creatinine; UP/C = urine pro-
tein/creatinine; GFR = Glomerular Filtration Rate; CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration.

Moreover, nutritional practice guidelines suggest for nondiabetic and not-on-dialysis
patients with glomerular filtration rates (GFR) of 50 mL/minute/1.73 m? or less, a protein
daily intake between 0.55 and 0.60 g/kg body weight or a very low-protein diet providing
0.28-0.43 g dietary protein per kg of body weight per day, with additional keto acid /amino
acid analogues to meet protein requirements (0.55-0.60 g /kg body weight/day); while for
diabetic subjects with CKD it is reasonable to prescribe, under close clinical supervision,
a dietary protein intake of 0.6-0.8 g per kg of body weight per day to maintain a stable
nutritional status and optimize glycemic control. Patients on maintenance hemodialysis
and peritoneal dialysis without diabetes but metabolically stable and with diabetes can
consume 1.0-1.2 g/kg body weight of proteins; in those with diabetes also, a higher amount
can be considered to improve glycemic control [116]. In fact, it has been demonstrated
that a protein-restricted diet with an adequate caloric intake can slow the GFR decline and
preserve a good nutritional status [117]. More than half of this protein intake should be



Diagnostics 2021, 11, 2047

11 of 22

based on high-biological-value proteins such as meat, fish, eggs, and dairy products for
their content of essential amino acids [118].

To reduce the intake of proteins with low biological value, including cereals and
derivatives, and promote the use of foods with high-biological-value proteins, the con-
sumption of “low protein foods” can be discouraged: these industrial foods have very low
amount of potassium, sodium, and phosphorus and provide energy without nitrogenous
waste products [119,120].

Additionally, in PLWH with CKD, a very important dietary adjustment regards water
and electrolyte intake. The consequences of any imbalance could be the development of
hypertension, edema, heart failure [121], hyperparathyroidism, calcification of the arteries
and heart valves [122], and metabolic acidosis; all resulting in protein catabolism, bone
demineralization, insulin resistance, and uremic toxins retention [123].

Accordingly, the 2020 Chronic Kidney Disease Evidence-Based Nutrition Practice
Guidelines [116], in order to improve blood pressure control, kidney function, hydration
status, reduce the risk of acidosis, suggest:

(i) to adjust potassium (for patients with stage 3-5 of CKD, independently from hyper-
kalemia) and phosphorus intake in order to maintain serum levels within normal range;

(ii) to adjust sodium intake to <2.3 g per day in subjects with stage 3-5 of CKD;

(iii) a total elemental calcium intake of 800-1000 mg/d (including dietary calcium, calcium
supplementation and calcium-based phosphate binders) in adults with CKD 3—4 not
taking active vitamin D analogues; and a tailored adjustment for CKD stage 5.

Finally, a proper nutrition, rich in fiber (at least 20-30 g), is fundamental to counteract
intestinal microbiota alteration, as already discussed in previous paragraph, that could
frequently occur also in the advanced stages of CKD [124]. Once again, guidelines suggest
the Mediterranean diet for CKD patients who are not on dialysis to improve their lipid
profiles and suggest increasing fruit and vegetables consumption to reduce body weight,
blood pressure, and net acid production [116].

In conclusion, improving nutrition in PLWH affected by CKD is pivotal to achieve the
maximum state of health and reduce the risk of further kidney impairment, aside from the
use of other medications.

2.4. Liver Disease

Liver diseases, including fatty liver diseases, viral hepatitis, drug-associated hepato-
toxicity, and hepatocellular carcinoma, are possible comorbidities in PLWH affecting their
morbidity and mortality.

Notably, HIV has a direct role in liver damage, increasing the risk of cirrhosis in
patients with chronic hepatitis viruses infection, alcoholic hepatitis, and non-alcoholic fat
liver disease (NAFLD) [125-127]. Indeed, HIV viral envelope can interact with hepatocytes
enhancing ROS production and oxidative stress; this, in turn, promotes a pro-fibrogenic
environment, with activation of the TGF31 pathway and secretion of extracellular matrix
by stellate cells [128,129]. Development of fibrosis and deposition of extracellular matrix by
stellate cells is sustained by Kupffer cells and hepatic macrophages, infected and activated
by HIV [130]. In addition, another mechanism involved in liver fibrosis is the translocation
of altered gut microbiome in the portal blood and depletion of CD4+ and general immune
response deregulation [131].

All these pathogenetic aspects, along with viral hepatitis, contribute to a particularly
high incidence of NAFLD in the HIV-infected population. In any case, both in the general
population and in PLWH, the primary cause of NAFLD is still obesity and being overweight,
independently from other causes [132]; additionally, being overweight and visceral fat
increase could be worsened or partially caused by some cART regimens, such as those
containing INSTI [133,134], that are currently considered the first-line treatment of HIV
infection. Moreover, as demonstrated by Vodkin et al., non-alcoholic steatohepatitis (NASH)
is more frequent and severe in HIV patients than in the general population [135].
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In this regard, diagnosis of NAFLD should be of primary concern in PLWH, especially
in those subjects with metabolic disorders and obesity. Transaminases are not considered
a reliable biomarker since they can be found normal in NASH, and, consequently, are
not helpful in discriminating between NASH and simple steatosis [136]. Although differ-
ent biochemical scores have been developed, such as the Nash Test [137], to date, only
the magnetic resonance elastography is suitable to this purpose, even before the onset
of fibrosis [138]. In addition, transient elastography (Fibroscan, Echosens, Paris) is an
easy, rapid and non-invasive tool for the diagnosis of fibrosis (cut-off scores: 7, 8.7, and
10.3 kPa to predict, respectively, fibrosis at least F2, F3, and F4) [139] in association with
biochemical scores. Indeed, EACS Guidelines [50] suggest using transient elastography
with a controlled attenuation parameter to diagnose HIV-associated NAFLD. Moreover,
according to these guidelines, to diagnose NASH, a biopsy showing steatosis, hepatocyte
ballooning, and lobular inflammation is necessary.

While it is generally accepted that subjects with compensated liver disease do not
have peculiar energy and nutrition requirements, greater attention should be paid to those
with advanced liver disease [140]. As pointed out by the 2018 guidance from the American
Association for the Study of Liver Diseases [141], in cases of NAFLD or NASH, lifestyle
intervention and weight loss are crucial points in the management of these diseases. In fact,
a hypocaloric diet allows the mobilization of fatty acids from the liver, and the reduction
of at least 3-5% of total bodyweight is sufficient to markedly improve steatosis. A further
reduction of 7-10% of total bodyweight could also improve liver fibrosis. Nevertheless,
the importance of weight loss is pointed out by the direct correlation between obesity and
NAFLD. As a consequence, a rapid weight loss could produce a reduction of up to 60%
of liver triglycerides content, reduction of free fatty acids uptake, and improvement of
insulin resistance [142]. Following this evidence, the reduction of body weight should
be considered the first approach in the treatment of NAFLD and prevention of NASH
(Table 4).

However, to date, the more appropriate macronutrients distribution is still debated,
but the adherence to a Mediterranean-style diet appears to be able to improve liver steatosis
also in the absence of weight loss, compared to the high-fat, low-carbohydrates diet [141].
This can be probably explained by the avoidance in Mediterranean diet of refined and high-
sugar foods and the presence of specific aliments (olive oil, fish rich in polyunsaturated
fatty acids, nuts, seeds, whole grains, legumes, fruits, and vegetables) known for being
beneficial for NAFLD [143].

Apart from the type of diet, also meal frequency and timing could produce an impor-
tant effect on liver metabolism. For instance, a study of Koopman et al. [144] explored the
liver fat accumulation in the course of high-fat, high-sugar and high-sugar hypercaloric
diets consumed variously in the principal meal or in multiple meals and snacks during
the day. Intriguingly, the habit of snacking during the day, typical of a western diet, was
associated with an increase in liver fat, independently of the type of diet [144].

A specific nutrition intervention is needed also in patients with cirrhosis since it can
significantly influence morbidity and mortality [145]. In fact, a malnourished state char-
acterizes patients with cirrhosis [146] because of deficient nutrient intake, malabsorption,
and altered metabolism of lipids, proteins, and carbohydrates caused by liver dysfunction.
Because of portal hypertension and cirrhosis, nutrients are not properly metabolized in
the liver and are not fully available for biologic functions [147]. Furthermore, in patients
with cirrhosis, it is common to find a deficit of liposoluble vitamins (vitamins A, D, E,
and K) because of reduced production of bile salt, highlighting the importance of vitamin
supplementation in these subjects [148]. Moreover, cirrhotic liver lacks in glucose synthesis
and glycogen storage, and this causes a gluconeogenesis from body protein amino acids
even after only one night of fasting, resulting in a muscular mass loss [149]. This is clin-
ically significant, since in these patients only one night of fasting is similar to 2-3 days
of starvation in healthy control [150]. Prolonged and constant muscle mass loss leads to
sarcopenia, which seems to contribute to hyperammonemia in course of cirrhosis [151].
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The impairment of glycogen storage makes it, therefore, necessary to consume multiple
meals during the day, in order to avoid hypoglycemia by eating at least 45% to 65% of the
total caloric intake as carbohydrates even if the patient suffers from diabetes mellitus [152].
In this regard, the consumption of nutrient-dense snacks before sleeping in the late night
seems to increase total body proteins, countering lean mass loss [153].

Table 4. Overview of diagnosis and nutritional management of liver diseases in PLWH.

Diagnosis of liver diseases in PLWH

NAFLD: transient elastography with controlled attenuation parameter
NASH: a biopsy showing steatosis, hepatocyte ballooning, and lobular inflammation is necessary

Nutritional management of liver disease in PLWH

In cases of NAFLD or NASH, lifestyle intervention and weight loss are crucial (first approach)

Hypocaloric diet (allows the mobilization of fatty acids from liver):
o the reduction of at least 3-5% of total bodyweight is sufficient to markedly improve steatosis
[ the reduction of 7-10% of total bodyweight improves fibrosis

Weight loss could produce a reduction of up to 60% of liver triglycerides content, reduction of free fatty acids uptake, and
improvement of insulin resistance
The Mediterranean diet is recommended as it causes improvement of liver steatosis even in the absence of weight loss

In cases of CIRRHOSIS:

Caloric intake should be of 35 to 40 kcal/kg/d

Protein intake should be of 1.2 g/kg/d

It is necessary to consume multiple meals during the day to avoid hypoglycemia by eating at least 45% to 65% of total caloric
intake as carbohydrates (even in case of diabetes)

Fats intake should be between 25-30% (it is recommended to use food rich in medium-chain fatty acids, such as milk and
coconut oil)

Liposoluble vitamins supplementation (A, D, E and K) is important

It is suggested introduce to introduce 2545 g of fiber daily (to reduce constipation and increase gut motility)

In cases of ASCITES:

Calories and protein intake should be calculated based on dry body weight
Reduce sodium intake (<2 g/die)

Legend: PLWH = People Living With HIV; NAFLD = Non-alcoholic fatty liver disease; NASH = Non-alcoholic Steatohepatitis.

All these factors explain the pro-catabolic state in patients with cirrhosis and the
importance of these aspects in producing a diet plan for these patients. To counteract
catabolism, current European guidelines suggest that caloric intake, fixed on patient malnu-
trition state, should be of 35 to 40 kcal per kg of body weight per day and the protein intake
should be of 1.2 g per kg of body weight per day [140]. Interestingly, in the past, it was
believed that a protein restriction was necessary to reduce hyperammonemia; however,
studies suggested that protein restriction increases muscular protein catabolism— worsen-
ing, as a consequence, hepatic encephalopathy and cachexia [154]. Particularly, according
to ISHEN (International Society for Hepatic Encephalopathy and Nitrogen Metabolism)
guidelines [155], proteins from vegetables and dairy sources should be preferred in the di-
etary plans of patients with hepatic encephalopathy because of their better tolerability and
their positive impacts on nitrogen balance. Still, with the aim to reduce nitrogen products
of the colon, ISHEN suggests to introduce 2545 g of fiber daily, which is important also to
reduce constipation and increase gut motility [155,156].

Moreover, to promote protein synthesis and to improve ammonia detoxification,
supplementation with branched-chain amino acid is considered useful by ESPEN 2020
consensus guidelines in cirrhotic subjects that are intolerant to protein intake [150].

In addition, also fat intake should be carefully considered. The percentage of calories
from fats should be between 25-30%, since in a cirrhotic liver, metabolism of long-chain
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fatty acids is impaired and particularly in cases of steatorrhea it is recommended to use
foods rich in medium-chain fatty acids (milk and coconut oil) [146].

Finally, in cases of ascites, the energy and protein intake should be calculated relying
on dry body weight, approximated to ideal body weight. Importantly, to reduce the
activation of renin-angiotensin system, those patients should follow a sodium restricted
diet (<2 g per day) [157].

In conclusion, nutrition and metabolic state seem to have an important role in liver
disease progression and maintaining the state of health, particularly in PLWH.

3. Nutritional Suggestions for Low- and Middle-Income Countries

Nutritional suggestions discussed in this review may be not fully applicable in low-
and middle-income countries (LMICs). At first, in this setting, nutritional issues in PLWH
include malnutrition, undernutrition, primary food insecurity, unavailability of high-
quality food, and food security [158]. In addition, if compared with high-income countries,
PLWH usually present with complex opportunistic infectious comorbidities, leading to
severely undernourished status [159]. On the contrary, metabolic comorbidities are less
frequent at diagnosis, because of the young median age of PLWH in LMICs. Accordingly,
principal nutritional concerns for physicians involved in treating PLWH living in LMICs
should be directed to differentiate cachexia due to opportunistic infections or HIV-related
wasting syndrome from cachexia deriving from malnutrition or undernutrition. Secondly,
a proper diet should be suggested, on the basis of food availability and habitus, in order to
reach the adequate macro- and micro-nutrient intake.

Importantly, at presentation, undernutrition/malnutrition is often caused by both
food unavailability (which can be considered a non-communicable comorbidity) and the
inflammation caused by HIV and related opportunistic infection. In practice, this does not
matter, as once malnutrition has become established, its management must be integrated
into the management plan of the subject. However, it should be noticed that ‘malnutrition’
also reflects abnormalities of nutritional status that are not only evident in terms of wasting
of body tissue, but more frequently involve the depletion of vitamins and minerals.

Therefore, resuming the possible approach to the nutritional status of PLWH in LMICs
(see Table 5): (i) make a differential diagnosis between nutritional cachexia and HIV-
related cachexia; (ii) investigate high-quality food availability and food security; (iii) assess
undernutrition and the effects of micro-nutrients deficiency; (iv) assess the macro-nutrients
balance, with particular focus on protein intake, that could be undereffective in LMICs.

Table 5. Overview of diagnosis and nutritional management of PLWH in low- and middle-income countries.

Nutritional suggestions for low- and middle- income countries

Approach to the nutritional status of PLWH in LMICs:

make a differential diagnosis between nutritional cachexia and HIV-related cachexia;

investigate high quality food availability, food security;

assess undernutrition and effects of micro-nutrients deficiency;

assess macro-nutrients balance, with particular focus on protein intake, that could be undereffective in LMICs;
comorbidities’ nutritional needs do not differ from those of high-income countries even if economic and social disparities

make them more difficult to achieve.

Legend: PLWH = People Living With HIV; LMICs = low- and middle-income Countries.

Interestingly, similarly to high-income countries, nutritional concerns in LMICs have
now shifted to the lipodystrophy and metabolic alterations related to drug toxicity where
ART is now available. Still, despite the introduction of new ART regimens, with higher rate
of virologic success and immunologic recovery, weight loss and severe acute malnutrition
remain common, especially among late presenters and those non-adherent to antiretroviral
regimens [160]. On the other side, malnutrition and reduced access to adequate or quality
foods significantly increase non-adherence to ART, but also malabsorption of drugs [161].
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On the basis of these considerations, the pivotal role of proper nutrition is evident also
in LMICs; however, general nutritional principles and specific suggestions (also according
to comorbidities) does not differ from high-income countries; the main differences lie in
economic and social disparities.

In conclusion, physicians should, at first, be aware of underlying conditions of PLWH
living in LMICs in order to properly assess how to reach their nutritional needs.

4. Conclusions

The improvement of quality of life in PLWH requires multiple interventions and a
coordinated approach by infectious diseases specialists and other physicians involved in
their care, apart from the bare control of viral replication and immunological status. In this
sense, a higher attention to nutrition and metabolic complications, by producing tailored
dietary guidelines for PLWH that take in consideration their specific needs, is crucial to
make a step closer to the “fourth 90”. In particular, ideal BMI and a diet rich in fruits,
vegetables, whole grains, and low in refined sugar and saturated fatty acids, such as the
Mediterranean diet, are at the basis of a correct management of main PLWH comorbidities.
On the contrary, nutritional requirements differ according to CKD stage and eventually
the concomitant presence of diabetes. In conclusion, the nutrition tips provided within
this review, could help clinicians in the correct nutrition management of PLWH, setting
the nutritional needs of PLWH as a part of primary and secondary prevention strategies of
main comorbidities.
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