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/Abstract

Diabetes mellitus is considered an important independent risk factor for coronary artery disease. Atherosclerosis is the
most frequent cause of premature death in this group of patients, doubling the risk of coronary disease, tripling the risk of stroke
and quadrupling the possibility of peripheral vascular insufficiency symptomatic. Coronavirus (COVID-19) diagnosed patients
can do worse when comorbidities are associates. In this paper we present two of them and their interplay that can act addingly
to worsen COVID-19 outcome. The two factors can interplay in this role are diabetes and hyperlipidemia. Metabolic syndrome
can be a possible precursor of type 2 diabetes: the prevalence of dyslipidemia in patients with type 2 diabetes mellitus is 75%.
The components of dyslipidemia in type 2 diabetes mellitus are characterized by quantitative, qualitative and kinetic alterations,
all contributing to the risk of cardiovascular disease, the main cause of mortality in this population, mainly related to insulin
resistance. Relatively normal cholesterol “hides™ an atherogenic lipid profile, with increased intermediate density lipoproteins,
small and dense LDL lipoproteins, and small, dense and dysfunctional HDLs. Lipid-lowering drugs for LDL-c have the best
documented risk reduction with HMGCoAredutase inhibitors: (statins). Other medications are: inhibitors of intestinal choles-
terol absorption (Ezetimibe, Cholestyramine and Cholesevelam), nicotinic acid, fibrates (Gemfibrozil, Phenofibrate and Pema-
fibrate), omega 3 fatty acids (docosaexaenoic acid and eicosapentaenoic acid) plus new drugs such as and PCSKD9 inhibitors.
Lifestyle changes, which include the elaboration of an adequate diet, regular practice of physical exercises and control of the
common state of anxiety in a large number of patients, should be the first step in the diabetic dyslipidemia therapeutic approach.
Unnecessary to emphasize that prior to the institution of lipid therapy, adequate blood glucose control should be achieved.
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do worse when comorbidities are associated [1-3]. According to
publications based on meta-analysis demonstrated that the highest
ODDS RATIO for risk increase in COVID-19 is diabetes, followed
close by hypertension [4]. According to the official document
released by the Brazilian Diabetes Association based on the Ministry
of Health indications, the International Diabetes Federation and the
American Diabetes Association there are instructions that should
be incorporated by all health professionals.

Abbreviations: Apo B: Apolipoprotein B; DM: Diabetes
mellitus; DM 2: Type 2 diabetes mellitus; HDL: High Density
Lipoprotein; HDL-c: High Density Lipoprotein Cholesterol;
LDL: Low density lipoprotein; LDL-c: Low Density Lipoprotein
Cholesterol; LDLR: Low Density Lipoprotein Receptors; VLDL:
Very Low Density Lipoprotein
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Those with Diabetes Mellitus (DM) do not have a higher
risk of being contaminated by coronavirus, but have a higher risk
of complications from the infection. Low immunity is linked to
increased blood sugar, not lack of insulin production. A person
with diabetes who is very overweight may also have immunity
affected by having greater inflammation. The risk of complica-
tions from COVID-19 is much lower and almost equal to that of
people without diabetes if blood sugar levels are controlled. The
risk of complications is higher for those aged 60 years or older,
with complications of diabetes, with concomitant diseases such as
high blood pressure and who have high blood sugar levels, regard-
less of the type of diabetes. The person who has insulin resistance
but does not have diabetes is not in the risk group for complica-
tions. There is no vitamin, serum, alternative therapy or therapy
said to increase immunity that prevents or treats COVID-19. There
is no data available with a level of evidence that can state that
prediabetic patients are at increased risk in the face of a corona
virus infection. It should be noted whether prediabetes is present in
people with other associated pathologies and in the elderly. All pa-
tients, at risk or not, should follow the same general guidelines to
avoid contagion and follow all the guidelines of the current health
authorities. Regarding patients that are on Captopril, Enalapril,
Losartan, Aspirin or Pioglitazone there are no evidences that they
should be suspended and so they must carry on as prescribed by
their doctors

Emphasising, in this paper we present two of them and their
interplay that can act addingly to worst COVID 19 outcome. The
two factors can interplay in this role are Diabetes and Hyperlipi-
demia. DM is considered an important independent risk factor for
coronary artery disease. Atherosclerosis is the most frequent cause
of premature death in this group of patients, doubling the risk of
coronary disease, tripling the risk of stroke and quadrupling the
possibility of peripheral vascular insufficiency symptomatic [5].
n this paper we present two of them and their interplay that can
act addingly to worst COVID 19 outcome. The two factors can
interplay in this role are Diabetes and Hyperlipidemia. DM is con-
sidered an important independent risk factor for coronary artery
disease. Atherosclerosis is the most frequent cause of premature
death in this group of patients, doubling the risk of coronary dis-
ease, tripling the risk of stroke and quadrupling the possibility of

peripheral vascular insufficiency symptomatic [S].

Regardless of age group, DM increases the risk of
cardiovascular disease. In relation to women, diabetes confers
a higher risk for atherosclerotic disease, even at ecarlier ages,
similarly to those observed in males [6]. The association between
atherosclerotic disease and DM can be attributed to a number
of characteristics, which facilitate atherogenesis in this group of
patients, such as the concomitance of other risk factors, of which
obesity, hypertension levels of fibrinogen and dyslipidemias are

the most important [7,8].

Lipid changes of diabetic patients: dyslipidemias in diabetic
patients may be secondary to non-fully controlled disease, or to
the use of drugs (diuretics, beta-blockers, etc.) administered to
associated pathologies, which unfavorably modify the lipid profile.
They can still be primary when related to the genetic component.
The alteration of serum lipids most common in the inadequately
controlled diabetic patient is hypertriglyceridemia, often associated
with hypoalphalipoproteinemia [9].

In poorly controlled insulin-dependent diabetic patients,
decreased insulin levels promotes lower lipoprotein lipase activity,
an enzyme responsible for triglyceride hydrolysis in free fatty acids
and glycerol, thus reducing the metabolization of chylomicrons
and Very Low Density Lipoprotein (VLDL). At the same time, the
lack of insulin accelerates lipolysis in adipose tissue, promoting
an important release of free fatty acids, which act as a substrate
for the production of VLDL in the hepatocyte [10]. In non-
insulin-dependent diabetics, where insulin resistance is marked,
increased triglyceridemia is probably due to a higher production
of VLDL by the liver, which receives greater glucose and free fatty
acids as substrate [10]. Also in relation to VLDL, it was found
in studies that non-insulin dependent diabetic patients, when
compared to controls with normal glucose tolerance test (properly
matched according to normal glucose tolerance index body mass
and fasting triglyceridemia) presented higher concentrations of
these lipoproteins in the postprandial period [11]. The real role
of elevation of VLDL in the postprandial period in atherogenesis
is a subject of interest of researchers from various centers, being
associated with atherosclerotic disease in several studies [12]. The
reduction of high density lipoprotein cholesterol (HDL-c) levels
in poorly controlled insulin-dependent diabetic patients is due to
a lower supply of elements that form this lipoprotein, originating
from the metabolization of chylomicrons and VLDL by the action
of the lipoprotein lipase enzyme, which has its activity decreased
with the drop in insulinemia that occurs in this group of patients
[9,10].

In relation to non-insulin-dependent diabetic patients,
the hypo-alphalipoproteinemia observed seems to be linked to
increased activity of the hepatic lipase enzyme (implicated in
HDL-c catabolism) secondary to higher insulin resistance [9,10].
Particularly in diabetic patients with renal dysfunction, there
is evidence that there is a selective urinary excretion of HDL-c,
further reducing their serum levels [10]. Regarding the low
density lipoprotein cholesterol (LDL-c) fraction in diabetics, the
differences seem to be more qualitative than quantitative. Data
from the NHANES II study indicate that higher LDL-c levels
are found in the group of diabetic patients than in the general
population. However, this alteration has not been constant in other
surveys involving patients with this disease [13].
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Considering the composition of LDL-c particles, there is a
high prevalence of small and denser particles in diabetic individuals,
even when normolipidemic [14]. Non-enzymatic glycosylation
and lipid peroxidation, which occur in greater intensity in diabetics
without adequate control, provide the formation of lipoproteins
respectively glycosylated and oxidized, which have greater
atherogenic potential [10].

Dyslipidemias secondary to diseases and metabolic alterations:
metabolic syndrome as a possible precursor of type 2 diabetes: the
prevalence of dyslipidemia in patients with type 2 diabetes mel-
litus (DM 2) is 75%. The components of dyslipidemia in DM2 are
characterized by quantitative, qualitative and kinetic alterations, all
contributing to the risk of cardiovascular disease, the main cause
of mortality in this population, and are mainly related to insulin re-
sistance. The laboratory phenotype is variable, including: a) mixed
dyslipidemia with elevation of plasma triglycerides; b) reduction
of HDL-c; ¢) normal or low elevated LDL-c, with numerous small
and dense particles; d) apolipoprotein B (apo B) elevated, reflect-
ing the number of particles of the atherogenic lipoproteins VLDL
and their remaining; ¢) Postprandial lipemia - increase of chylomi-
crons and their remnants.

Pathophysiology: insulin resistance associated with visceral adi-
posity are key factors for the development of DM 2 dyslipidemia
[15]. Hypertriglyceridemia is accentuated by reduced lipoprotein
lipase activity, which can be negatively regulated in states of in-
sulin resistance or deficiency [16]. The activity of the cholesterol
ester carrier enzyme is increased in diabetes, which partly explains
the lipid and atherogenic potential changes present in type 1 and
2 diabetes. The increased activity of the cholesterol ester carrier
enzyme will determine the transfer of cholesterol esters from other
lipoproteins, mainly from High Density Lipoprotein (HDL), to
VLDL. At the same time, VLDL transfer triglycerides to HDLs
and Low Density Lipoprotein (LDL), depletable from cholesterol
esters [17,18]. HDLs and LDLs enriched with triglycerides and
with little cholesterol ester suffer the action of lipoprotein lipase
and liver lipase, which transform them into small, dense, more
atherogenic particles.

Small and dense LDL particles, despite carrying less cho-
lesterol esters, are very numerous, resulting in lipid profile with
normal or low LDL-c values and very high apo B, which can hide
atherogenic potential [19-21]. The presence of genetic forms of

dyslipidemia, obesity, sedentary lifestyle, management of hyper-
glycemia, presence of complications such as nephropathy, espe-
cially in nephrotic syndrome, exacerbate diabetic dyslipidemia.

Laboratory evaluation of lipid profile in DM 2: relatively
normal cholesterol “hides” an atherogenic lipid profile, with in-
creased intermediate density lipoproteins, small and dense LDL
lipoproteins, and small, dense and dysfunctional HDLs [22-24].
Each LDL particle, regardless of its density or cholesterol content,
contains an apo B molecule. Normal LDL-c values associated with
high apo B, reflect numerous of LDL particles, small and dense in
circulation [25]. Therefore, plasma levels of apo B are markers of
cardiovascular risk, more than serum LDL-c concentrations [26].
Although intensive care in Diabetes Control and Complications
Trial (DCCT) has not significantly modified LDL-c and HDL-c
levels, it has been associated with decreased levels of apo B and
Lp(a), introducing the importance of evaluating non-traditional
laboratory risk markers in diabetic patients [27].

Another way to evaluate lipoproteins rich in triglycerides is
non-HDL cholesterol, without the need to dose apo B. It is easy,
with low cost, can be used for segment and in the evaluation of
lipid-lowering therapy in these patients. Non-HDL cholesterol is
considered the best predictor of cardiovascular risk in this popula-
tion [28].

Treatment: diabetic dyslipidemia is largely exacerbated by glyce-
mic uncontrollability, inadequate diet, physical inactivity, obesity,
and excessive alcohol intake. Lifestyle modifications are the first
therapeutic line for diabetes dyslipidemia and include weight loss,
diet and aerobic exercises.

Effects of hypoglycemic drugs on lipoproteins: dyslipidemia
in DM 2 can be partly corrected by insulin treatment and glyce-
mic control resulting in reduction of triglycerides and elevation
of HDL-c [29,30]. Drugs widely used in the treatment of diabetes
such as metformin, which decrease insulin resistance, also reduce
hypertriglyceridemia, although it is considered only as hypogly-
cemic [29,31]. Other medications used to treat diabetes may have
positive or negative effects on lipoproteins (Table 1). One exam-
ple is the small increase in LDL-c observed with sodium-glucose
cotransporter inhibitors 2 - SGLT2, suggesting that the significant
reduction in cardiovascular events, recently observed with empa-
gliflozin, is not related to the effects about lipid profile [32].
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Medication Total Cholesterol LDL-C HDL-C Triglycerides References
Metformin le ! el le [33]
Gliclazide ) © o ! [34,33]
Glimepiride — > d) A [34,36]
Pioglitazone 1 - 1 1 [37,38]
Sitagliptin > - 1 PN [39,40]
Saxagliptin — “ — > [35,41]
Vildagliptin > > el > [42]
Linagliptin > — > > [43]
Dapaglifozin el el el le [44.,45]
Canaglifozin 0 1 1 1 [40,46]
Empaglifozin =l el el — [32,47]
Exenatide le 1 1 1 [38,48]
Liraglutide « « « ! [49,50]

1 Increase, <> Does not change, | Decrease

Table 1: Effects of hypoglycemic agents on lipoproteins.

Lipid-lowering: LDL-c is the best documented risk factor in the
occurrence of cardiovascular events. The relative risk of mortality
from cardiovascular disease is higher in diabetic patients than in
non-diabetic patients, varying according to cholesterol values [51].
Therefore, LDL-c is a therapeutic target for reducing cardiovascu-
lar risk.

HMGCoAredutase Inhibitors: statins are medicines of choice in
the treatment of dyslipidemia of diabetic patients. Its main effect
is the reduction of LDL-c, inhibiting the limiting enzyme in cho-
lesterol synthesis, Hydroxymethylglutaril Coenzyme Reductase
- HMGCoA reductase, increased liver expression of LDL-c recep-
tors, increased removal of LDL-c, decreasing its values plasma.
Although LDL-c is not very high in diabetic dyslipidemia, statins
are the most effective drugs in reducing morbidity and mortality
due to cardiovascular disease in diabetic and non-diabetic popula-
tions [52,53]. Apparently, the relative risk reduction observed with
statins is similar in patients with and without diabetes, however
the number needed to treat (NNT) and prevent an event is lower in
diabetics compared to non-diabetics [54].

The risk reduction by statins is dose-dependent, with greater
risk reductions with higher doses. One in seven diabetics treated
with statins will still experience a cardiovascular event in five
years. Clinical trials present unequivocal evidence for the use of
statins in primary and secondary diabetes prevention, however, the
populations studied may not be representative of younger patients
or with advanced kidney disease. These subgroups require studies,

and clinical judgment in prescription is important.

Inhibitors of intestinal cholesterol absorption: Ezetimibe is an
inhibitor of the absorption of dictary and biliary cholesterol, by
preventing the transport of cholesterol from the intestinal light into
the enterocytes of the small intestine [55], resulting in a reduc-
tion of 15% to 20% of plasma cholesterol [56], without affect-
ing the absorption of fat-soluble vitamins [57]. Ezetimibe binds to
the protein “Niemann-Pick C1-Like 17, located in the brush-edge
cells of the intestinal epithelium, blocking the absorption of cho-
lesterol. The IMPROVE-IT Study evaluated 18,144 patients with
an acute coronary syndrome, of whom 27% were diabetic. The
group receiving simvastatin 40 mg and ezetimibe 10 mg showed
reductions in the rates of combined events when compared to the
group with simvastatin during a 6-year follow-up. This study dem-
onstrated additional benefits in reducing LDL-c, corroborating the
hypothesis that lower LDL-c targets should be achieved to reduce
residual risk, and that additional benefits can be obtained with
non-statin drugs [58]. Cholestyramine may be effective in lower-
ing LDL-c, however, both agents may increase triglycerides and
are poorly tolerated [59]. Cholesevelam, a bile acid sequestrant,
can reduce glycated hemoglobin (Hb Alc), total cholesterol and
LDL-c by 20% [60].

Fibrates and nicotinic acid: high concentrations of triglyc-
erides, low HDL-c and non-HDL-high cholesterol are factors that

contribute to increased residual risk in this population. Fibrates
are potent drugs that reduce plasma triglycerides by 30% to 50%,
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being considered as adjuvants in the treatment of persistent hyper-
triglyceridemias, after lifestyle modifications and statin therapy.
First-choice therapy is considered for triglycerides above 500 mg/
dL during fasting, minimizing the risk of pancreatitis [61,62].
They act as agonists of PPAR-a receptors (peroxisome prolifera-
tor-activated receptors), activating them, with consequent attenu-
ation of lipid, inflammatory, and atherogenic changes [63]. These
drugs decrease the concentrations of apolipoprotein C-III (apo C-
IIT) and apolipoprotein A-V (apo A-V) and amplify the activity
of lipoprotein lipase with increased intravascular lipolysis. They
promote synthesis of apolipoprotein A-I (apo A-I), apolipoprotein
A-II (apo A-II), SREBPI receptor and ABCA1 transporter, in ad-
dition to increasing reverse cholesterol transport and increasing
HDL-c concentrations [63].

Fibrates are generally well tolerated, although the risk of
muscle toxicity increases when combined with statins, and as-
sociations of certain fibrates such as gemfibrozil with statins are
outlawed [64]. The VA HIT (Veterans Affairs High-Density Li-
poprotein Cholesterol Intervention Trial Study Group) study used
gemfibrozil versus placebo in secondary prevention patients, and a
24% reduction in combined events was observed. Statins were not
available when this study was conceived [65].

In the Fenofibrate Intervention and Event Lowering in Dia-
betes (FIELD) study, 9.795 subjects with DM 2 were randomized
to receive micronized phenofibrate or placebo [66]. There was an
11% reduction in combined events in the fenofibrate group com-
pared to placebo. The use of statins was a considerable confound-
ing factor in the placebo group, which may have influenced the
result. The ACCORD (Action to Control Cardiovascular Risk in
Diabetes) study evaluated the impact of the combination of feno-
fibrate in type 2 and high-risk diabetic patients who already used
statins on cardiovascular outcomes. There was no benefit of the
association of fibrates with statins in reducing risk, except in the
subgroup of patients with high triglyceride concentrations and low
HDL-c levels. The same was observed in the FIELD study, with
reduction of outcomes in the subgroup with elevated triglycerides
and low HDL-c [67]. Based on these results, meta-analysis ob-
served an additional risk reduction with the use of fibrates, associ-
ated or not with statins, in patients with triglycerides above 204
mg/dL and HDL-c below 34 mg/dL [68].

Pemafibrate (K-877) is a new selective modulator of PPARa
receptors, and when compared to fibrates, it is more effective in
reducing triglycerides and increasing HDL-c, without presenting
adverse effects of fibrates such as increases in homocysteine and
plasma creatinine [69]. A phase 2 clinical trial with pemafibrate
in patients with atherogenic dyslipidemia revealed a significant
reduction in triglycerides and increased HDL-c, with rates com-
parable to adverse events to placebo, such as serum creatinine and
increased liver enzymes, suggesting that pemafibrate may have
a better benefit/risk balance than fenofibrate [70]. The PROMI-

NENT study (Pemafibrate to Reduce Cardiovascular Outcomes by
Reducing Triglycerides in Patients with Diabetes) (clinicaltrials.
gov identifier: NCT03071692) is a multicenter study with 10.000
patients that will evaluate cardiovascular outcomes patients using
pemafibrate versus placebo [71].

Nicotinic acid or niacin is a soluble vitamin with lipid-lower-
ing action: it reduces triglyceride levels (20-50%), LDL-c (5-25%)
and increases HDL-c (15-35%). The AIM-HIGH (Atherothrom-
bosis Intervention in Metabolic Syndrome with Low HDL/High
Triglycerides: Impact on Global Health Outcomes) and HPS2-
THRIVE (Heart Protection Study) have shown no benefits, in ad-
dition to increased adverse effects with the combination of long-
acting niacin and laropiprant statins in patients with atherosclerotic
and metabolic syndrome disease being withdrawn from the mar-
ket. Today there is only rapid-release niacin, which has limited use
by side effects and lack of evidence of benefits.

Omega 3 fatty acids: Omega-3 fatty acids of marine origin such
as docosaexaenoic acid (DHA) and eicosapentaenoic acid (EPA)
exert numerous cardiovascular effects, and regular consumption
of omega-3-rich fish are part of a healthy diet. Despite the benefits,
evidence is conflicting in recommending dietary supplementation
of fish oil capsules for cardiovascular prevention. Studies show
that supplementation with 2 to 4 g of EPA/DHA per day reduces
triglyceride levels by 25% to 30%, increases HDL-c by 1% to 3%
and LDL-c by 5% to 10% [72,73]. Other benefits include anti-
inflammatory and antiarrhythmic effects, improved endothelial
function, effects on sudden death, and cardiovascular outcomes.
Studies with EPA supplementation and DHA had a small or zero
effect on cardiovascular mortality (evidence of moderate quality).
Poor-quality evidence suggests that the supplementation reduces
cardiovascular events, including cardiovascular mortality and ar-
rhythmia [74].

Recently, the REDUCE IT trial (Cardiovascular Risk Reduc-
tion with Icosapent Ethyl for Hypertriglyceridemia) study evalu-
ated patients with established coronary artery disease or diabetes,
using statins, randomized to receive 4 gr of purified EPA for 4.9
years. There was a 25% reduction in risk for primary outcomes
that included cardiovascular death, non-fatal infarction, non-fatal
stroke, myocardial revascularization and unstable angina [75].
This study may modify clinical practice in the cardiovascular pre-
vention of very high-risk patients and diabetics, who maintain high
residual risk. Our orientation is in accordance with the American
Diabetes Association - ADA recommendations [76].

New drugs: The most recent advance in cholesterol reduc-
tion therapy was the discovery of anti-PCSK9 antibodies (protein
convertase subtilisin/kexin type 9). They reduce LDL-c to unprec-
edented levels, especially when used in combination with statins
and/or ezetimibe.
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Mechanism of action: the PCSK9 protein is synthesized in
the liver and in a smaller amount in the intestine, brain and pan-
creas. It has a determining role in plasma LDL-c concentrations,
as it regulates the hepatic expression of low density lipoprotein
receptors (LDLR). After being secreted by hepatocytes, PCSK9
binds to the LDLR liver receptor, being internalized together with
the receptor complex and lipoprotein within lysosomes, having
its content degraded, preventing the recirculation of LDLR to the
surface liver. The lower density of these receptors results in lower
removal of LDL particles, increasing the plasma values of this li-
poprotein [77].

Therapeutic inhibition of circulating PCSK9 by anti-PCSK9
monoclonal antibodies increases the density of LDLR on the cell
surface and the removal of LDL particles, reducing LDL-c levels
in plasma. PCSK9 inhibitors are complementary to statin therapy
in reducing cholesterol. In a pre-specified analysis of the study
“Alirocumab and Cardiovascular Outcomes in Patients with Acute
Coronary Syndrome (ACS) and Diabetes - Prespecified Analyses
of ODYSSEY OUTCOMES, benefits were demonstrated in the
diabetic population [78].

It was a randomized study that evaluated in 18.924 patients
with acute coronary syndrome and baseline LDL levels above 70
mg/dL, the use of alirocumab associated with statins at maximum
tolerated doses versus statin and/or ezetimibe, for 2 and a half
years. The recommended LDL-c target was 25-50 mg/dL.

The alirocumab group significantly reduced Major Adverse
Cardiac Events (MACE) - death from coronary heart disease, fatal
and non-fatal myocardial infarction (IM), fatal and non-fatal isch-
emic stroke, or hospitalization for angina compared to the group
with statins. In a pre-specified analysis, 28.8% had diabetes, 43.6%
had prediabetes and 27.7% had normal glucose levels. Patients
with diabetes in the alirocumab group had the highest reduction in
absolute risk (2.3%), almost double the reduction when compared
to prediabetics (ARR of 1.2%) and non-diabetics (ARR of 1.2%),
most likely due to the high absolute risk of events in the population
of diabetics with acute coronary syndrome.

The FOURIER (Further Cardiovascular Outcomes Research
With PCSK9 Inhibition in Subjects With Elevated Risk) clinical
trial was a randomized study for evolucumab (140 mg every 2
weeks or 420 mg once a month) versus placebo, including 27.564
patients with ages 40-85 years, with clinical atherosclerotic cardio-
vascular disease (previous myocardial infarction, non-hemorrhagic
infarction, stroke or symptomatic peripheral arterial disease) and
additional risk factors (including diabetes), with 2.2 years, and sig-
nificant reduction in cardiovascular events [79].

In a pre-specified analysis of the diabetic subgroup, 40% had
diabetes, 60% did not. The mean reduction of LDL-c was 57%
in diabetics and 60% in non-diabetics. As patients with diabetes

had a higher risk at the beginning of the study, this group tended
to reduce the absolute risk [79]. These drugs are recommended in
guidelines, associated with statins at maximum doses, to achieve
more aggressive goals in very high-risk patients.

Aslast conclusions: adequate glycemic control of diabetic patients,
through pharmacological or non-pharmacological measures, may
normalize the lipid profile.

Non-pharmacological treatment: lifestyle changes, which
include the elaboration of an adequate diet, regular practice of
physical exercises and control of the common state of anxiety in a
large number of patients, should be the first step in the diabetic’s
therapeutic approach dyslipidemic. The diet should be elaborated
individually, considering the preferences and socioeconomic
conditions of the patient. Overweight should be fought. The total
calories ingested should be sufficient for the optimal weight to be
maintained or achieved.

The adequate distribution in the carbohydrate and fat diet
facilitates the achievement of more favorable results in relation to
blood glucose and lipid profile. Simple carbohydrates should be
replaced by complexes, representing 50% to 55% of the calories to
be ingested per day. The total percentage of fats should not exceed
30%, and saturated fat content should be less than 10%. Cholesterol
intake should not exceed 300 mg/day. Greater restrictions can be
performed on the dependence on the need for each case [80,81].
The consumption of soluble fibers (35 to 40 g/day) should be
encouraged, as its intake decreases post prandial glycemia, fasting
triglyceridemia and prandial powders and serum cholesterol [82].
Alcohol abuse should be avoided both by the possibility of elevating
triglyceridemia, and by creating more favorable conditions for
liver dysfunction. Regular physical exercise practice provides
an increase in glucose uptake and reduces insulin resistance,
facilitating glycemic control. Improves lipid profile by reducing
triglyceridemia and increasing HDL-c levels [83,84].

Pharmacological treatment: prior to the institution of lipid
therapy, adequate blood glucose control should be achieved. The
treatment of DM, both with insulin and with oral hypoglycemic
patients, can also favorably modify the lipid profile. After insulin
administration and elevation of its serum levels, lipoprotein lipase
activity normalization occurs, improving the catabolism of VLDL
and subsequent HDL-c formation. In relation to oral hypoglycemic
users, it is verified that, among biguanides, metformin promotes
in parallel the decrease in glycemia, a reduction in VLDL levels,
improving the lipidic profile.

As long as normalization of serum lipids is not achieved after
non-pharmacological measures and adequate blood glucose control
have been excluded and other secondary causes of dyslipidemia
have been ruled out, the administration of hypolipidemic drugs is
indicated [85]. Vastatins are the drugs of choice in cases of isolated

6

Curr Trends Intern Med, an open access journal

ISSN: 2638-003X

Volume 4; Issue 02



Citation: Saldanha ALR, Chacra APM, Rabelo LM, Filho RDS, Margeotto APP, et al. (2020) COVID-19 Comorbidity Interplayers: Diabetes and Atherogenic Dyslipi-

demia. Curr Trends Intern Med 4: 138. DOI: 10.29011/2638-003X.100038

elevations of LDL-c levels. For isolated hypertriglyceridemias and
mixed dyslipidemias, fibrates should be used initially. The use of
bile acid sequestering resins should be avoided by the possibility
of increasing triglyceridemia and nicotinic acid by increasing
insulin resistance [86].

Conclusion

If the ideal values of lipids are not reached, the association of
drugs should be considered. In patients with hypertriglyceridemia,
important even in the presence of a full dose of one of the
drugs in the fibrate group, the association of a vastatin may be
beneficial. Anamnesis and periodic evaluation of transaminases
and creatinophosphokinase identify, respectively, the rare cases
of hepatitis and rhabdomyolysis secondary to this combination of
medicines.

The use of antioxidants, although logical, as it would
decrease the formation of lipoproteins in the oxidized form, has not
yet been ratified in prospective long-term studies. In conclusion,
the therapy of dyslipidemic diabetic patients should be aggressive,
being directed in order to correct the metabolic alterations found
according to the respective cardiovascular risk through lifestyle
modifications and medicines. Once reached this goal these patients
can respond to an infection as in the case of the frightening
pandemic COVID19 with a better immune defence.

Acknowledgments: None.

Conflicts of Interest: None.

References

1. Yang J, Zheng Y, Gou X, Pu K, Chen Z, et al. (2020) Prevalence of
comorbidities and its effects in coronavirus disease 2019 patients: a
systematic review and meta-analysis. Int J Infect Dis 94: 91-95.

2. Emami A, Javanmardi F, Pirbonyeh N, Akbari A (2020) Prevalence of
underlying diseases in hospitalized patients with COVID-19: a system-
atic review and meta-analysis. Arch Acad Emerg Med 8: e35.

3. Hussain A, Bhowmik B, do Vale Moreira NC (2020) COVID-19 and dia-
betes: knowledge in progress. Diabetes Res Clin Pract 162: 108142.

4. Wang B, Li R, Lu Z, Huang Y (2020) Does comorbidity increase the
risk of patients with COVID-19: evidence from meta-analysis. Aging
(Albany NY) 12: 6049-6057.

5. Pyorala K, Laakso M, Uusitupa M (1987) Diabetes and atherosclero-
sis: an epidemiologic view. Diabetes Metab Rev 3: 463-524.

6. Durrington PN (1990) Secondary hiperlipidaemia. Br Med Bull 46:
1005-1024.

7.  Stamler J, Vaccaro O, Neaton JD, Wentworth D (1993) Diabetes, other
risk factors, and 12-yr cardiovascular mortality for men screened in the
Multiple Risk Factor Intervention Trial. Diabetes Care 16: 434-444.

8. Rosengren A, Welin L, Tsipogianni A, Wilhelmsen L (1989) Impact of
cardiovascular risk factors on coronary heart disease and mortality
among middle aged diabetic men. a general population study. BMJ
299: 1127-1131.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Howard BV (1987) Lipoprotein metabolism in diabetes mellitus. J Lipid
Res 28: 613-628.

Abbate SL, Brunzell JD (1990) Pathophysiology of hyperlipidemia in
diabetes mellitus. J Cardiovasc Pharmacol 16: S1-S7.

Chen YD, Swami S, Skowronski R, Coulston A, Reaven GM (1993)
Differences in postprandial lipemia between patients with normal glu-
cose tolerance and noninsulin-dependent diabetes mellitus. J Clin En-
docrinol Metab 76: 172-177.

Patsch JR, Miesenbdck G, Hopferwieser T, Mihlberger V, Knapp E,
et al. (1992) Relation of triglyceride metabolism and coronary artery
disease. Studies in the postprandial state. Arterioscler Thromb 12:
1336-1345.

Harris Ml (1991) Hypercholesterolemia in diabetes and glucose intol-
erance in the U.S. population. Diabetes Care 14: 366-374.

Feingold KR, Grunfeld C, Pang M, Doerrler W, Krauss RM (1992)
LDL subclass phenotypes and triglyceride metabolism in non-insulin-
dependent diabetes. Artherioscler Thromb 12: 1496-1502.

DeFronzo RA, Ferrannini E, Koivisto V (1983) New concepts in the
pathogenesis and treatment of noninsulin-dependent diabetes melli-
tus. Am J Med 74: 52-81.

Lafontan M, Langin D (2009) Lipolysis and lipid mobilization in human
adipose tissue.Prog Lipid Res 48: 275-297.

Bagdade JD, Ritter MC, Subbaiah PV (1991) Accelerated cholesteryl
ester transfer in patients with insulin-dependent diabetes mellitus. Eur
J Clin Invest 21: 161-167.

Bhatnagar D, Durrington PN, Kumar S, Mackness MI, Boulton AJ
(1996) Plasma lipoprotein composition and cholesteryl ester transfer
from high density lipoproteins to very low density and low density li-
poproteins in patients with non-insulin-dependent diabetes mellitus.
Diabet Med 13: 139-144.

Krauss RM (2004) Lipids and lipoproteins in patients with type 2 diabe-
tes. Diabetes Care 27: 1496-1504.

Sibley SD, Hokanson JE, Steffes MW, Purnell JQ, Marcovina SM, et
al.(1999) Increased small dense LDL and intermediate-density lipo-
protein with albuminuria in type 1 diabetes. Diabetes Care 22: 1165-
1170.

Schonfeld G, Birge C, Miller JP, Kessler G, Santiago J (1974) Apo-
lipoprotein B levels and altered lipoprotein composition in diabetes.
Diabetes 23: 827-834.

Younis N, Sharma R, Soran H, Charlton-Menys V, Elseweidy M, et al.
(2008) Glycation as an atherogenic modification of LDL. Curr Opin
Lipidol 19: 378-384.

Jenkins AJ, Best JD, Klein RL, Lyons TJ (2004) Lipoproteins, glycox-
idation and diabetic angiopathy. Diabetes Metab Res Rev 20: 349-
368.

Witztum JL, Mahoney EM, Branks MJ, Fisher M, Elam R, et al. (1982)
Nonenzymatic glucosylation of low-density lipoprotein alters its bio-
logic activity. Diabetes 31: 283-291.

Abbasi A, Corpeleijn E, Gansevoort RT, Gans RO, Hillege HL, et al.
(2013) Role of HDL cholesterol and estimates of HDL particle compo-
sition in future development of type 2 diabetes in the general popula-
tion: the PREVEND study. J Clin Endocrinol Metab 98: E1352-E1359.

7

Curr Trends Intern Med, an open access journal

ISSN: 2638-003X

Volume 4; Issue 02


https://www.ijidonline.com/article/S1201-9712(20)30136-3/fulltext
https://www.ijidonline.com/article/S1201-9712(20)30136-3/fulltext
https://www.ijidonline.com/article/S1201-9712(20)30136-3/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7096724/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7096724/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7096724/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7144611/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7144611/
https://www.ncbi.nlm.nih.gov/pubmed/32267833
https://www.ncbi.nlm.nih.gov/pubmed/32267833
https://www.ncbi.nlm.nih.gov/pubmed/32267833
https://www.ncbi.nlm.nih.gov/pubmed/3552530
https://www.ncbi.nlm.nih.gov/pubmed/3552530
https://www.ncbi.nlm.nih.gov/pubmed/2100685
https://www.ncbi.nlm.nih.gov/pubmed/2100685
https://www.ncbi.nlm.nih.gov/pubmed/8432214
https://www.ncbi.nlm.nih.gov/pubmed/8432214
https://www.ncbi.nlm.nih.gov/pubmed/8432214
https://www.ncbi.nlm.nih.gov/pubmed/2513018
https://www.ncbi.nlm.nih.gov/pubmed/2513018
https://www.ncbi.nlm.nih.gov/pubmed/2513018
https://www.ncbi.nlm.nih.gov/pubmed/2513018
https://www.ncbi.nlm.nih.gov/pubmed/3302085
https://www.ncbi.nlm.nih.gov/pubmed/3302085
https://www.ncbi.nlm.nih.gov/pubmed/1710739
https://www.ncbi.nlm.nih.gov/pubmed/1710739
https://www.ncbi.nlm.nih.gov/pubmed/8421086
https://www.ncbi.nlm.nih.gov/pubmed/8421086
https://www.ncbi.nlm.nih.gov/pubmed/8421086
https://www.ncbi.nlm.nih.gov/pubmed/8421086
https://www.ncbi.nlm.nih.gov/pubmed/1420093
https://www.ncbi.nlm.nih.gov/pubmed/1420093
https://www.ncbi.nlm.nih.gov/pubmed/1420093
https://www.ncbi.nlm.nih.gov/pubmed/1420093
https://www.ncbi.nlm.nih.gov/pubmed/2060448
https://www.ncbi.nlm.nih.gov/pubmed/2060448
https://www.ncbi.nlm.nih.gov/pubmed/1450181
https://www.ncbi.nlm.nih.gov/pubmed/1450181
https://www.ncbi.nlm.nih.gov/pubmed/1450181
https://www.ncbi.nlm.nih.gov/pubmed/6337486
https://www.ncbi.nlm.nih.gov/pubmed/6337486
https://www.ncbi.nlm.nih.gov/pubmed/6337486
https://www.ncbi.nlm.nih.gov/pubmed/19464318
https://www.ncbi.nlm.nih.gov/pubmed/19464318
https://www.ncbi.nlm.nih.gov/pubmed/1905628
https://www.ncbi.nlm.nih.gov/pubmed/1905628
https://www.ncbi.nlm.nih.gov/pubmed/1905628
https://www.ncbi.nlm.nih.gov/pubmed/8641118
https://www.ncbi.nlm.nih.gov/pubmed/8641118
https://www.ncbi.nlm.nih.gov/pubmed/8641118
https://www.ncbi.nlm.nih.gov/pubmed/8641118
https://www.ncbi.nlm.nih.gov/pubmed/8641118
https://www.ncbi.nlm.nih.gov/pubmed/15161808
https://www.ncbi.nlm.nih.gov/pubmed/15161808
https://www.ncbi.nlm.nih.gov/pubmed/10388983
https://www.ncbi.nlm.nih.gov/pubmed/10388983
https://www.ncbi.nlm.nih.gov/pubmed/10388983
https://www.ncbi.nlm.nih.gov/pubmed/10388983
https://diabetes.diabetesjournals.org/content/23/10/827
https://diabetes.diabetesjournals.org/content/23/10/827
https://diabetes.diabetesjournals.org/content/23/10/827
https://www.ncbi.nlm.nih.gov/pubmed/18607185
https://www.ncbi.nlm.nih.gov/pubmed/18607185
https://www.ncbi.nlm.nih.gov/pubmed/18607185
https://www.ncbi.nlm.nih.gov/pubmed/15343582
https://www.ncbi.nlm.nih.gov/pubmed/15343582
https://www.ncbi.nlm.nih.gov/pubmed/15343582
https://www.ncbi.nlm.nih.gov/pubmed/6818075
https://www.ncbi.nlm.nih.gov/pubmed/6818075
https://www.ncbi.nlm.nih.gov/pubmed/6818075
https://www.ncbi.nlm.nih.gov/pubmed/23690306
https://www.ncbi.nlm.nih.gov/pubmed/23690306
https://www.ncbi.nlm.nih.gov/pubmed/23690306
https://www.ncbi.nlm.nih.gov/pubmed/23690306

Citation: Saldanha ALR, Chacra APM, Rabelo LM, Filho RDS, Margeotto APP, et al. (2020) COVID-19 Comorbidity Interplayers: Diabetes and Atherogenic Dyslipi-
demia. Curr Trends Intern Med 4: 138. DOI: 10.29011/2638-003X.100038

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Soran H, France MW, Kwok S, Dissanayake S, Charlton-Menys V, et
al. (2011) Apolipoprotein B100 is a better treatment target than calcu-
lated LDL and non-HDL cholesterol in statin-treated patients. Ann Clin
Biochem 48: 566-571.

Zhang Y, Jenkins AJ, Basu A, Stoner JA, Lopes-Virella MF, et al.
(2016) Associations between intensive diabetes therapy and NMR-
determined lipoprotein subclass profiles in type 1 diabetes. J Lipid Res
57:310-317.

Emerging Risk Factors Collaboration, Di Angelantonio E, Sarwar N,
Perry P, Kaptoge S, et al. (2009) Major lipids, apolipoproteins, and risk
of vascular disease. JAMA 302: 1993-2000.

Maahs DM, Ogden LG, Dabelea D, Snell-Bergeon JK, Daniels SR,
et al. (2010) Association of glycaemia with lipids in adults with type 1
diabetes: modification by dyslipidaemia medication. Diabetologia 53:
2518-2525.

Mihailescu DV, Vora A, Mazzone T (2011) Lipid effects of endocrine
medications. Curr Atheroscler Rep 13: 88-94.

Stumvoll M, Nurjhan N, Perriello G, Dailey G, Gerich JE (1995) Meta-
bolic effects of metformin in non-insulin-dependent diabetes mellitus.
N Engl J Med 333: 550-554.

Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, et al. (2015)
Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabe-
tes. N Engl J Med 373: 2117-2128.

Waulffelé MG, Kooy A, de Zeeuw D, Stehouwer CDA, Gansevoort RT
(2004) The effect of metformin on blood pressure, plasma cholesterol
and triglycerides in type 2 diabetes mellitus: a systematic review. J
Intern Med 256: 1-14.

Buse JB, Tan MH, Prince MJ, Erickson PP (2004) The effects of oral
anti-hyperglycaemic medications on serum lipid profiles in patients
with type 2 diabetes. Diabetes Obes Metab March 6: 133-156.

Monami M, Vitale V, Ambrosio ML, Bartoli N, Toffanello G, et al. (2012)
Effects on lipid profile of dipeptidyl peptidase 4 inhibitors, pioglitazo-
ne, acarbose, and sulfonylureas: meta-analysis of placebo-controlled
trials. Adv Ther 29: 736-746.

Araki T, Emoto M, Konishi T, Ilkuno Y, Lee E, et al. (2009) Glimepiride
increases high-density lipoprotein cholesterol via increasing adiponec-
tin levels in type 2 diabetes mellitus. Metabolism 58: 143-148.

Dormandy JA, Charbonnel B, Eckland DJ, Erdmann E, Massi-Bene-
detti M, et al. (2005) Secondary prevention of macrovascular events
in patients with type 2 diabetes in the Proactive Study (Prospective
Pioglitazone Clinical Trial In Macrovascular Events): a randomised
controlled trial. Lancet 366: 1279-1289.

Azimova K, Juan ZS, Mukherjee D (2014) Cardiovascular safety pro-
file of currently available diabetic drugs. Ochsner J 14: 616-632.

Siahmansur TJ, Schofield JD, Azmi S, Liu Y, Durrington PN, et al.
(2015) Unintended positive and negative effects of drugs on lipopro-
teins. Curr Opin Lipidol 26: 325-337.

Lavalle-Gonzalez FJ, Januszewicz A, Davidson J, Tong C, Qiu R, et al.
(2013) Efficacy and safety of canagliflozin compared with placebo and
sitagliptin in patients with type 2 diabetes on background metformin
monotherapy: a randomised trial. Diabetologia 56: 2582-2592.

Boland CL, Degeeter M, Nuzum DS, Tzefos M (2013) Evaluating sec-
ond-line treatment options for type 2 diabetes: focus on secondary
effects of GLP-1 agonists and DPP-4 inhibitors. Ann Pharmacother
47: 490-505.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Matikainen N, Manttari S, Schweizer A, Ulvestad A, Mills D, et al.
(2006) Vildagliptin therapy reduces postprandial intestinal triglyceride-
rich lipoprotein particles in patients with type 2 diabetes. Diabetologia
49: 2049-2057.

Zinman B, Ahrén B, Neubacher D, Patel S, Woerle HJ, et al. (2016)
Efficacy and cardiovascular safety of linagliptin as an add-on to insulin
in type 2 diabetes: a pooled comprehensive post hoc analysis. Can J
Diabetes 40: 50-57.

Bailey CJ, Gross JL, Pieters A, Bastien A, List JF (2010) Effect of da-
pagliflozin in patients with type 2 diabetes who have inadequate gly-
caemic control with metformin: a randomised, double-blind, placebo-
controlled trial. Lancet 375: 2223-2233.

Ptaszynska A, Hardy E, Johnsson E, Parikh S, List J (2013) Effects of
dapagliflozin on cardiovascular risk factors. Postgrad Med 125: 181-
189.

Forst T, Guthrie R, Goldenberg R, Yee J, Vijapurkar U, et al. (2014)
Efficacy and safety of canagliflozin over 52 weeks in patients with type
2 diabetes on background metformin and pioglitazone. Diabetes Obes
Metab 16: 467-477.

Roden M, Weng J, Eilbracht J, Delafont B, Kim G, et al. (2013) Em-
paglifiozin monotherapy with sitagliptin as an active comparator in
patients with type 2 diabetes: a randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet Diabetes Endocrinol 1: 208-219.

Schwartz EA, Koska J, Mullin MP, Syoufi I, Schwenke DC, et al. (2010)
Exenatide suppresses postprandial elevations in lipids and lipopro-
teins in individuals with impaired glucose tolerance and recent onset
type 2 diabetes mellitus. Atherosclerosis 212: 217-222.

Vilsbell T, Zdravkovic M, Le-Thi T, Krarup T, Schmitz O, et al. (2007)
Liraglutide, a long-acting human glucagon-like peptide-1 analog, given
as monotherapy significantly improves glycemic control and lowers
body weight without risk of hypoglycemia in patients with type 2 diabe-
tes. Diabetes Care 30: 1608-1610.

Hermansen K, Baekdal TA, During M, Pietraszek A, Mortensen LS, et
al. (2013) Liraglutide suppresses postprandial triglyceride and apoli-
poprotein B48 elevations after a fat-rich meal in patients with type 2
diabetes: a randomized, double-blind, placebo-controlled, cross-over
trial. Diabetes Obes Metab 15: 1040-1048.

Taskinen MR (2003) Diabetic dyslipidaemia: from basic research to
clinical practice. Diabetologia 46: 733-749.

Heart Protection Study Collaborative Group (2002) MRC/BHF Heart
Protection Study of cholesterol lowering with simvastatin in 20,536
high-risk individuals: a randomised placebo-controlled trial. Lancet
360: 7-22.

Heart Protection Study Collaborative Group, Collins R, Armitage J,
Parish S, Sleight P, et al. (2004) Effects of cholesterol-lowering with
simvastatin on stroke and other major vascular events in 20536 peo-
ple with cerebrovascular disease or other high-risk conditions. Lancet
363: 757-767.

Soran H, Schofield JD, Durrington PN (2015) Cholesterol, not just
cardiovascular risk, is important in deciding who should receive statin
treatment. Eur Heart J 36: 2975-2983.

Xu H, Barnes GT, Yang Q, Tan G, Yang D, et al. (2003) Chronic inflam-
mation in fat plays a crucial role in the development of obesity-related
insulin resistance. J Clin Invest 112: 1821-1830.

8

Curr Trends Intern Med, an open access journal

ISSN: 2638-003X

Volume 4; Issue 02


https://www.ncbi.nlm.nih.gov/pubmed/22006975
https://www.ncbi.nlm.nih.gov/pubmed/22006975
https://www.ncbi.nlm.nih.gov/pubmed/22006975
https://www.ncbi.nlm.nih.gov/pubmed/22006975
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4727426/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4727426/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4727426/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4727426/
https://www.ncbi.nlm.nih.gov/pubmed/19903920
https://www.ncbi.nlm.nih.gov/pubmed/19903920
https://www.ncbi.nlm.nih.gov/pubmed/19903920
https://www.ncbi.nlm.nih.gov/pubmed/20820753
https://www.ncbi.nlm.nih.gov/pubmed/20820753
https://www.ncbi.nlm.nih.gov/pubmed/20820753
https://www.ncbi.nlm.nih.gov/pubmed/20820753
https://www.ncbi.nlm.nih.gov/pubmed/21104166
https://www.ncbi.nlm.nih.gov/pubmed/21104166
https://www.ncbi.nlm.nih.gov/pubmed/7623903
https://www.ncbi.nlm.nih.gov/pubmed/7623903
https://www.ncbi.nlm.nih.gov/pubmed/7623903
https://www.ncbi.nlm.nih.gov/pubmed/26378978
https://www.ncbi.nlm.nih.gov/pubmed/26378978
https://www.ncbi.nlm.nih.gov/pubmed/26378978
https://www.ncbi.nlm.nih.gov/pubmed/15189360
https://www.ncbi.nlm.nih.gov/pubmed/15189360
https://www.ncbi.nlm.nih.gov/pubmed/15189360
https://www.ncbi.nlm.nih.gov/pubmed/15189360
https://www.ncbi.nlm.nih.gov/pubmed/14746579
https://www.ncbi.nlm.nih.gov/pubmed/14746579
https://www.ncbi.nlm.nih.gov/pubmed/14746579
https://www.ncbi.nlm.nih.gov/pubmed/22923161
https://www.ncbi.nlm.nih.gov/pubmed/22923161
https://www.ncbi.nlm.nih.gov/pubmed/22923161
https://www.ncbi.nlm.nih.gov/pubmed/22923161
https://www.ncbi.nlm.nih.gov/pubmed/19154945
https://www.ncbi.nlm.nih.gov/pubmed/19154945
https://www.ncbi.nlm.nih.gov/pubmed/19154945
https://www.ncbi.nlm.nih.gov/pubmed/16214598
https://www.ncbi.nlm.nih.gov/pubmed/16214598
https://www.ncbi.nlm.nih.gov/pubmed/16214598
https://www.ncbi.nlm.nih.gov/pubmed/16214598
https://www.ncbi.nlm.nih.gov/pubmed/16214598
https://www.ncbi.nlm.nih.gov/pubmed/25598727
https://www.ncbi.nlm.nih.gov/pubmed/25598727
https://www.ncbi.nlm.nih.gov/pubmed/26103613
https://www.ncbi.nlm.nih.gov/pubmed/26103613
https://www.ncbi.nlm.nih.gov/pubmed/26103613
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3825495/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3825495/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3825495/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3825495/
https://www.ncbi.nlm.nih.gov/pubmed/23548652
https://www.ncbi.nlm.nih.gov/pubmed/23548652
https://www.ncbi.nlm.nih.gov/pubmed/23548652
https://www.ncbi.nlm.nih.gov/pubmed/23548652
https://link.springer.com/article/10.1007/s00125-006-0340-2
https://link.springer.com/article/10.1007/s00125-006-0340-2
https://link.springer.com/article/10.1007/s00125-006-0340-2
https://link.springer.com/article/10.1007/s00125-006-0340-2
https://www.ncbi.nlm.nih.gov/pubmed/26474870
https://www.ncbi.nlm.nih.gov/pubmed/26474870
https://www.ncbi.nlm.nih.gov/pubmed/26474870
https://www.ncbi.nlm.nih.gov/pubmed/26474870
https://www.ncbi.nlm.nih.gov/pubmed/20609968
https://www.ncbi.nlm.nih.gov/pubmed/20609968
https://www.ncbi.nlm.nih.gov/pubmed/20609968
https://www.ncbi.nlm.nih.gov/pubmed/20609968
https://www.ncbi.nlm.nih.gov/pubmed/23748519
https://www.ncbi.nlm.nih.gov/pubmed/23748519
https://www.ncbi.nlm.nih.gov/pubmed/23748519
https://www.ncbi.nlm.nih.gov/pubmed/24528605
https://www.ncbi.nlm.nih.gov/pubmed/24528605
https://www.ncbi.nlm.nih.gov/pubmed/24528605
https://www.ncbi.nlm.nih.gov/pubmed/24528605
https://www.ncbi.nlm.nih.gov/pubmed/24622369
https://www.ncbi.nlm.nih.gov/pubmed/24622369
https://www.ncbi.nlm.nih.gov/pubmed/24622369
https://www.ncbi.nlm.nih.gov/pubmed/24622369
https://www.ncbi.nlm.nih.gov/pubmed/20557887
https://www.ncbi.nlm.nih.gov/pubmed/20557887
https://www.ncbi.nlm.nih.gov/pubmed/20557887
https://www.ncbi.nlm.nih.gov/pubmed/20557887
https://www.ncbi.nlm.nih.gov/pubmed/17372153
https://www.ncbi.nlm.nih.gov/pubmed/17372153
https://www.ncbi.nlm.nih.gov/pubmed/17372153
https://www.ncbi.nlm.nih.gov/pubmed/17372153
https://www.ncbi.nlm.nih.gov/pubmed/17372153
https://www.ncbi.nlm.nih.gov/pubmed/23683069
https://www.ncbi.nlm.nih.gov/pubmed/23683069
https://www.ncbi.nlm.nih.gov/pubmed/23683069
https://www.ncbi.nlm.nih.gov/pubmed/23683069
https://www.ncbi.nlm.nih.gov/pubmed/23683069
https://www.ncbi.nlm.nih.gov/pubmed/12774165
https://www.ncbi.nlm.nih.gov/pubmed/12774165
https://www.ncbi.nlm.nih.gov/pubmed/12114036
https://www.ncbi.nlm.nih.gov/pubmed/12114036
https://www.ncbi.nlm.nih.gov/pubmed/12114036
https://www.ncbi.nlm.nih.gov/pubmed/12114036
https://www.ncbi.nlm.nih.gov/pubmed/15016485
https://www.ncbi.nlm.nih.gov/pubmed/15016485
https://www.ncbi.nlm.nih.gov/pubmed/15016485
https://www.ncbi.nlm.nih.gov/pubmed/15016485
https://www.ncbi.nlm.nih.gov/pubmed/15016485
https://academic.oup.com/eurheartj/article/36/43/2975/2293377
https://academic.oup.com/eurheartj/article/36/43/2975/2293377
https://academic.oup.com/eurheartj/article/36/43/2975/2293377
https://www.ncbi.nlm.nih.gov/pubmed/14679177
https://www.ncbi.nlm.nih.gov/pubmed/14679177
https://www.ncbi.nlm.nih.gov/pubmed/14679177

Citation: Saldanha ALR, Chacra APM, Rabelo LM, Filho RDS, Margeotto APP, et al. (2020) COVID-19 Comorbidity Interplayers: Diabetes and Atherogenic Dyslipi-
demia. Curr Trends Intern Med 4: 138. DOI: 10.29011/2638-003X.100038

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Winocour PH, Durrington PN, Ishola M, Anderson DC, Cohen H (1987)
Influence of proteinuria on vascular disease, blood pressure, and lipo-
proteins in insulin dependent diabetes mellitus. Br Med J (Clin Res Ed)
294: 1648-1651.

Garcia-Calvo M, Lisnock J, Bull HG, Hawes BE, Burnett DA, et al.
(2005) The target of ezetimibe is Niemann-Pick C1-Like 1 (NPC1L1).
Proc Natl Acad Sci U S A 102: 8132-8137.

Cannon CP, Blazing MA, Giugliano RP, McCagg A, White JA, et al.
(2015) Ezetimibe added to statin therapy after acute coronary syn-
dromes. N Engl J Med 372: 2387-2397.

Fonseca VA, Handelsman Y, Staels B (2010) Colesevelam lowers glu-
cose and lipid levels in type 2 diabetes: the clinical evidence. Diabetes
Obes Metab 12: 384-392.

Garg A, Grundy SM (1994) Cholestyramine therapy for dyslipidemia
in non-insulin-dependent diabetes mellitus. A short-term, double-blind,
crossover trial. Ann Intern Med 121: 416-422.

Chapman MJ, Redfern JS, McGovern ME, Giral P (2010) Niacin and
fibrates in atherogenic dyslipidemia: pharmacotherapy to reduce car-
diovascular risk. Pharmacol Ther 126: 314-345.

Shapiro MD, Fazio S (2016) From lipids to inflammation: new ap-
proaches to reducing atherosclerotic risk. Circ Res 118: 732-749.

Staels B, Dallongeville J, Auwerx J, Schoonjans K, Leitersdorf E, et al.
(1998) Mechanism of action of fibrates on lipid and lipoprotein metabo-
lism. Circulation 98: 2088-2093.

Rosenson RS (2004) Current overview of statin-induced myopathy.
Am J Med 116: 408-416.

Rubins HB, Robins SJ, Collins D, Fye CL, Anderson JW, et al. (1999)
Gemfibrozil for the secondary prevention of coronary heart disease
in men with low levels of high-density lipoprotein cholesterol. Veter-
ans affairs high-density lipoprotein cholesterol intervention trial study
group. N Engl J Med 341: 410-418.

Keech A, Simes RJ, Barter P, Best J, Scott R, et al. (2005) Effects of
long-term fenofibrate therapy on cardiovascular events in 9795 people
with type 2 diabetes mellitus (the FIELD study): randomised controlled
trial. Lancet 366: 1849-1861.

ACCORD Study Group, Ginsberg HN, Elam MB, Lovato LC, Crouse
JR, et al. (2010) Effects of combination lipid therapy in type 2 diabetes
mellitus. N Engl J Med 362: 1563-1574.

Jun M, Foote C, Lv J, Neal B, Patel A, et al. (2010) Effects of fibrates
on cardiovascular outcomes: a systematic review and meta-analysis
Lancet 375: 1875-1884.

Fruchart JC (2013) Selective peroxisome proliferator-activated recep-
tor a modulators (SPPARMa): the next generation of peroxisome pro-
liferator-activated receptor a -agonists. Cardiovasc Diabetol 12: 82.

Araki E, Yamashita S, Arai H, Yokote K, Satoh J, et al. (2018) Effects of
pemafibrate, a novel selective PPARA modulator, on lipid and glucose
metabolism in patients with type 2 diabetes and hypertriglyceridemia:
a randomized, double-blind, placebo-controlled, phase 3 trial. Diabe-
tes Care 41: 538-546.

Pradhan AD, Paynter NP, Everett BM, Glynn RJ, Amarenco P, et al.
(2018) Rationale and design of the pemafibrate to reduce cardiovas-
cular outcomes by reducing triglycerides in patients with diabetes
(PROMINENT) study. Am Heart J 206: 80-93.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Balk EM, Lichtenstein AH, Chung M, Kupelnick B, Chew P, et al. (2006)
Effects of omega-3 fatty acids on serum markers of cardiovascular dis-
ease risk: a systematic review. Atherosclerosis 189: 19-30.

Harris WS (1997) N-3 fatty acids and serum lipoproteins: human stud-
ies. Am J Clin Nutr 65: 1645S-1654S.

Abdelhamid AS, Brown TJ, Brainard JS, Biswas P, Thorpe GC, et
al. (2018) Omega! 3 fatty acids for the primary and secondary pre-
vention of cardiovascular disease. Cochrane Database Syst Rev 7:
CD003177.

Bhatt DL, Steg PG, Miller M, Brinton EA, Jacobson TA, et al. (2019)
Cardiovascular risk reduction with icosapent ethyl for hypertriglyceri-
demia. N Engl J Med 380: 11-22.

American Diabetes Association (2020) Cardiovascular disease and
risk management: standards of medical care in diabetes - 2020. Dia-
betes Care 43: S111-S134.

Seidah NG, Awan Z, Chrétien M, Mbikay M (2014) PCSK9: a key mod-
ulator of cardiovascular health. Circ Res 114: 1022-1036.

Sabatine MS, Leiter LA, Wiviott SD, Giugliano RP, Deedwania P, et
al. (2017) Cardiovascular safety and efficacy of the PCSK9 inhibitor
evolocumab in patients with and without diabetes and the effect of
evolocumab on glycaemia and risk of new-onset diabetes: a prespeci-
fied analysis of the fourier randomised controlled trial. Lancet Diabetes
Endocrinol 5: 941-950.

Ray KK, Colhoun H, Szarek M, Baccara-Dinet M, Bhatt DL, et al.
(2018) Alirocumab and cardiovascular outcomes in patients with Acute
Coronary Syndrome (ACS) and diabetes - Prespecified analyses of
ODYSSEY outcomes. Diabetes 67: 6-LB.

Role of cardiovascular risk factors in prevention and treatment of mac-
rovascular disease in diabetes. American Diabetes Association (1989)
Diabetes Care 12: 573-579.

Grundy SM, Bilheimer D, Chait A, Clark LT, Denke M, et al. (1993)
Summary of the Second Report of the National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (Adult Treatment Panel II).
JAMA 269: 3015-3023.

Riccardi G, Rivellese A, Pacioni D, Genovese S, Mastranzo P, et al.
(1984) Separate influence of dietary carbohydrate and fibre on the
metabolic control in diabetes. Diabetologia 26: 116-121.

Schneider SH, Vitug A, Ruderman N (1986) Atherosclerosis and physi-
cal activity. Diabetes Metab Rev 1: 513-553.

Lampman RM, Schteingart DE, Santinga JT, Savage PJ, Hydrick CR,
et al. (1987) The influence of physical training on glucose tolerance, in-
sulin sensitivity, and lipid and lipoprotein concentration in middle-aged
hypertriglyceridaemic, carbohydrate intolerant men. Diabetologia 30:
380-385.

Stern MP, Mitchell BD, Haffner SM, Hazuda HP (1992) Does glycemic
control of type Il diabetes suffice to control diabetic dyslipidemia? A
Community Perspective. Diabetes Care 15: 638-644.

Consenso Brasileiro sobre Dislipidemias: Deteccdo, Avaliagdo e
Tratamento. Sociedade Brasileira de Cardiologia (1996) Arq Bras Car-
diol 67: 113-128.

9

Curr Trends Intern Med, an open access journal

ISSN: 2638-003X

Volume 4; Issue 02


https://www.ncbi.nlm.nih.gov/pubmed/3113568
https://www.ncbi.nlm.nih.gov/pubmed/3113568
https://www.ncbi.nlm.nih.gov/pubmed/3113568
https://www.ncbi.nlm.nih.gov/pubmed/3113568
https://www.ncbi.nlm.nih.gov/pubmed/15928087
https://www.ncbi.nlm.nih.gov/pubmed/15928087
https://www.ncbi.nlm.nih.gov/pubmed/15928087
https://www.nejm.org/doi/full/10.1056/NEJMoa1410489
https://www.nejm.org/doi/full/10.1056/NEJMoa1410489
https://www.nejm.org/doi/full/10.1056/NEJMoa1410489
https://www.ncbi.nlm.nih.gov/pubmed/20415686
https://www.ncbi.nlm.nih.gov/pubmed/20415686
https://www.ncbi.nlm.nih.gov/pubmed/20415686
https://www.ncbi.nlm.nih.gov/pubmed/8053615
https://www.ncbi.nlm.nih.gov/pubmed/8053615
https://www.ncbi.nlm.nih.gov/pubmed/8053615
https://www.ncbi.nlm.nih.gov/pubmed/20153365
https://www.ncbi.nlm.nih.gov/pubmed/20153365
https://www.ncbi.nlm.nih.gov/pubmed/20153365
https://www.ncbi.nlm.nih.gov/pubmed/26892970
https://www.ncbi.nlm.nih.gov/pubmed/26892970
https://www.ncbi.nlm.nih.gov/pubmed/9808609
https://www.ncbi.nlm.nih.gov/pubmed/9808609
https://www.ncbi.nlm.nih.gov/pubmed/9808609
https://www.ncbi.nlm.nih.gov/pubmed/15006590
https://www.ncbi.nlm.nih.gov/pubmed/15006590
https://www.ncbi.nlm.nih.gov/pubmed/10438259
https://www.ncbi.nlm.nih.gov/pubmed/10438259
https://www.ncbi.nlm.nih.gov/pubmed/10438259
https://www.ncbi.nlm.nih.gov/pubmed/10438259
https://www.ncbi.nlm.nih.gov/pubmed/10438259
https://www.ncbi.nlm.nih.gov/pubmed/16310551
https://www.ncbi.nlm.nih.gov/pubmed/16310551
https://www.ncbi.nlm.nih.gov/pubmed/16310551
https://www.ncbi.nlm.nih.gov/pubmed/16310551
https://www.nejm.org/doi/full/10.1056/NEJMoa1001282#article_citing_articles
https://www.nejm.org/doi/full/10.1056/NEJMoa1001282#article_citing_articles
https://www.nejm.org/doi/full/10.1056/NEJMoa1001282#article_citing_articles
https://www.ncbi.nlm.nih.gov/pubmed/20462635
https://www.ncbi.nlm.nih.gov/pubmed/20462635
https://www.ncbi.nlm.nih.gov/pubmed/20462635
https://www.ncbi.nlm.nih.gov/pubmed/29298800
https://www.ncbi.nlm.nih.gov/pubmed/29298800
https://www.ncbi.nlm.nih.gov/pubmed/29298800
https://www.ncbi.nlm.nih.gov/pubmed/29298800
https://www.ncbi.nlm.nih.gov/pubmed/29298800
https://www.ncbi.nlm.nih.gov/pubmed/30342298
https://www.ncbi.nlm.nih.gov/pubmed/30342298
https://www.ncbi.nlm.nih.gov/pubmed/30342298
https://www.ncbi.nlm.nih.gov/pubmed/30342298
https://www.ncbi.nlm.nih.gov/pubmed/16530201
https://www.ncbi.nlm.nih.gov/pubmed/16530201
https://www.ncbi.nlm.nih.gov/pubmed/16530201
https://www.ncbi.nlm.nih.gov/pubmed/9129504
https://www.ncbi.nlm.nih.gov/pubmed/9129504
https://www.ncbi.nlm.nih.gov/pubmed/30019766
https://www.ncbi.nlm.nih.gov/pubmed/30019766
https://www.ncbi.nlm.nih.gov/pubmed/30019766
https://www.ncbi.nlm.nih.gov/pubmed/30019766
https://www.nejm.org/doi/full/10.1056/NEJMc1902165
https://www.nejm.org/doi/full/10.1056/NEJMc1902165
https://www.nejm.org/doi/full/10.1056/NEJMc1902165
https://www.ncbi.nlm.nih.gov/pubmed/31862753
https://www.ncbi.nlm.nih.gov/pubmed/31862753
https://www.ncbi.nlm.nih.gov/pubmed/31862753
https://www.ncbi.nlm.nih.gov/pubmed/24625727
https://www.ncbi.nlm.nih.gov/pubmed/24625727
https://www.ncbi.nlm.nih.gov/pubmed/28927706
https://www.ncbi.nlm.nih.gov/pubmed/28927706
https://www.ncbi.nlm.nih.gov/pubmed/28927706
https://www.ncbi.nlm.nih.gov/pubmed/28927706
https://www.ncbi.nlm.nih.gov/pubmed/28927706
https://www.ncbi.nlm.nih.gov/pubmed/28927706
https://diabetes.diabetesjournals.org/content/67/Supplement_1/6-LB
https://diabetes.diabetesjournals.org/content/67/Supplement_1/6-LB
https://diabetes.diabetesjournals.org/content/67/Supplement_1/6-LB
https://diabetes.diabetesjournals.org/content/67/Supplement_1/6-LB
https://care.diabetesjournals.org/content/12/8/573
https://care.diabetesjournals.org/content/12/8/573
https://care.diabetesjournals.org/content/12/8/573
https://www.ncbi.nlm.nih.gov/pubmed/8501844
https://www.ncbi.nlm.nih.gov/pubmed/8501844
https://www.ncbi.nlm.nih.gov/pubmed/8501844
https://www.ncbi.nlm.nih.gov/pubmed/8501844
https://www.ncbi.nlm.nih.gov/pubmed/8501844
https://www.ncbi.nlm.nih.gov/pubmed/6325282
https://www.ncbi.nlm.nih.gov/pubmed/6325282
https://www.ncbi.nlm.nih.gov/pubmed/6325282
https://www.ncbi.nlm.nih.gov/pubmed/3522141
https://www.ncbi.nlm.nih.gov/pubmed/3522141
https://www.ncbi.nlm.nih.gov/pubmed/3315795
https://www.ncbi.nlm.nih.gov/pubmed/3315795
https://www.ncbi.nlm.nih.gov/pubmed/3315795
https://www.ncbi.nlm.nih.gov/pubmed/3315795
https://www.ncbi.nlm.nih.gov/pubmed/3315795
https://www.ncbi.nlm.nih.gov/pubmed/1516483
https://www.ncbi.nlm.nih.gov/pubmed/1516483
https://www.ncbi.nlm.nih.gov/pubmed/1516483
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0004-27301999000400005
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0004-27301999000400005
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0004-27301999000400005

